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Abstract: New type headgear wheel and drum linings (the trademark modar® is copyright protected)
were designed and engineered at The AGH University of Science and Technology in Krakéw. The
exclusive manufacturer of the several available versions of the headgear wheel lining modar® is the work
cooperative SPOIWO in Radom. Three types of linings are available now: Modar R3/Mz, Modar R5/Kk,
Modar M7/Wz. The linings modar® have all the certificates, licences and permits required by the law.

Headgear wheel linings designated as Modar R3/Mz, featuring large and stable values of friction
coefficient (frictional contact) are intended for headgear wheels and drums in mine hoists, cable railways,
ski lifts and other rope transport installations. Linings designated as Modar R7/Wz are intended for
drums and Koepe pulleys operated in the conditions of explosion hazard: for instance in underground
mine excavations. Furthermore, apart from the general characteristics, they display most advantageous
electrostatic features and are slow-burning. Linings designated as Modar R5/Kk are intended for rope
pulleys and might be employed in most rope transport installations. When employed, the fatigue
endurance of wire ropes is significantly improved. The linings Modar R5/Kk might be applied to protect
the pulleys in hoisting installations with the winders in the headframe or on the shaft level.
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Apstrakt: Novi tip obloga kotura izvoznog tornja i bubnja (robna marka m_qiiar® ima zasticena autorska
prava) projektovan je i izraden na AGH Univerzitetu nauke i tehnologije u Krakovu. Ekskluzivni
proizvodac nekoliko raspoloZivih tipova obloga kotura izvoznog tornja modar® je preduzece SPOIWO u
Radomu. Trenuto su na raspolaganju tri vrste obloga: Modar R3/Mz, Modar R5/Kk, Modar M7/Wz.
Obloge modar® poseduju sve sertifikate, licence i dozvole koje propisuje zakon.

Obloge za kotur izvoznog tornja pod nazivom Modar R3/Mz, koje karakterisu visoke i stabilne vrednosti
koeficijenta trenja (frikcioni kontakt) namenjene su za koturove i bubnjev izvoznog tornja kod jamskih
izvoznih masina, Zicara, ski liftova i drugih sli¢nih izvoznih postr . Obloge pod nazivom Modar
R7/Wz namenjene su za bubnjeve i uZetnice sistema ,Koepe“ u usloy ma gde postoji opasnost od
Stavise, osim opstih karakteristika, one
pokazuju dobra elektrostaticka svojstva i sporo gore. Obloge pod nazivom Modar R5/Kk namenjene su za
valjke za uZad i mogu se upotrebiti u veéini postrojenja za uZetni transpart Tamo gde se upotrebe,
znacajno se poboljSava izdréljivost na zamor materijala Zicane uZadi. Obloge Modar R5/Kk mogu se
primeniti na zastitu valjaka u postrojenjima za izvoz sa éekrkom u 'izquﬁobz tornju ili na nivou okna.

s

Kljuéne reci: Obloga kotura, koeficijent trénja, izvoz.
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1 INTRODUCTION

Grooves in headgear wheels and drums are often
lined with special lining materials that have the
modulus of elasticity less than steel and depending
on the intended application, may display the
required physical, chemical and mechanical
features. For over 40 years now the AGH
University of Science and Technology has been
engaged in research on various linings. Several
types of lining materials with the required
parameters adopted for the intended applications
have been developed and tested. The newest
solutions include the linings Modar R3/Mz, Modar
R5/Kk and Modar R7/Wz, all of them copyright
protected as the trademark “modar®”.

2 PARAMETERS OF LININGS “MODAR ®”
2.1 General requirements

Headgear and drum linings should be resistant to
high and variable pressure loads, abrasive
wearing, high and low temperatures, UV
radiation, variations of atmospheric conditions,
ageing, deterioration from lubricants, salty
waters. Besides, they should be workable and
easy to shape.

Headgear and drum linings ought to display large
and stable values of friction coefficient (frictional
contact between the linings and a rope and) “4”.

Obviously, a particular lining material need not
meet all these requirements. When the linings are
operated in open air conditions, they have to be
resistant to UV radiation and atmospheric
conditions. When installed indoors, these features
are of minor importance, instead they have to be
temperature-resistant and display the favourable
electrostatic features.

Among various synthetic materials, polyamides
and vinyl-rubber materials seem to display the
most favourable physical, mechanical and
chemical parameters.

The technologies of polyamide processing
whereby they are injected or progressively
pressed into moulds or polymerised seem
economically viable. Alternatively, polyamide
blocks can be machined.
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1. UVOD

Zlebovi u koturovima i bubnjevima izvoznog
tornja su Cesto obloZeni posebnim materijalima
za oblaganje ¢iji je modul elasti¢nosti manji nego
kod cCelika i koji zavisi od namene, i mogu
pokazati potrebne fizicke, hemijske i mehaniCke
osobine. Veé vise od 40 godina, AGH Univerzitet
nauke i tehnologije je angaZovan na
istraZivanjima razli¢itih obloga. Izradeno je i
testirano nekoliko vrsta materijala za oblaganje
sa traZzenim parametrima koji su usvojeni za
odredene namene. Najnovija reSenja ukljucuju
obloge Modar R3/Mz, Modar R5/Kk i Modar
R7/Wz, pri ¢emu sve imaju zaStitu autorskih
prava kao robna marka “modar®”.

2 PARAMETRI OBLOGA “MODAR ®”
2.1 Opsti zahtevi

Obloge za izvozni toranj i bubanj bi trebalo da
budu otporne na visoki i promenljivi pritisak,
abrazivno habanje, visoke i niske temperature,
UV zralenje, promene atmosferskih uslova,
starenje, propadanje zbog sredstava za mazanje,
slane vode. Pored toga, trebalo bi da budu
podesne za rad i lake za oblikovanje.

Obloge za izvozni toranj i bubanj treba da pokazuju
visoke 1 stabilne vrednosti koeficijenta trenja

(frikcioni kontakt izmedu obloga i uZeta i) “4".

Ocigledno je da odredeni materijal za oblaganje
ne mora da ispunjava sve ove uslove. Kada se
radi sa oblogama u uslovima na otvorenom
prostoru, one moraju biti otporne na UV zracenje
i atmosferske uslove. Kada su instalirane unutra,
ove karakteristike su manje vazZne, a umesto toga
moraju biti otporne na temperaturu i da imaju
dobre elektrostaticke osobine.

Medu raznim sintetickim materijalima, izgleda da
poliamidski i1 vinilsko-gumeni materijali imaju
najpovoljnije fizicke, mehanicke i hemijske
parametre.

Izgleda da su rentabilnije tehnologije obrade
poliamida one u kojima se ovi poslednji ubacuju
ili postepeno utiskuju u kalupe ili se
polimerizuju. Druga moguénost je da se
poliamidski blokovi masinski obraduju.
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Polyamides display most favourable mechanical,
thermal and chemical parameters, as well as
tensile, compression and bending strength and the
values of Young modulus should range from
(1,5-3,0) - 10’ MPa. They are resistant to abrasive
wearing, breaking and temperatures up to 120°C,
hence they are recommended as linings for
Koepe pulleys.

Low value of the friction coefficient between the
polyamide lining and rope (in most cases
u < 0,1) precludes the use of these linings in
drums and on guiding wheels characterised by
small angles of contact, particularly in multi-rope
hoists installed on the tower. In such cases the
lining materials should have the friction
coefficient of # = 0,25. These requirements are
fulfilled by vinyl-rubber materials, though their
Young modulus is slightly less than that of
polyamides.

2.1 Main causes of lining deterioration

The selection of lining materials is determined by
cost-effectiveness factor and the required
durability of linings.

On account of variable loading of wheel grooves,
the range of applications of a particular lining
depends on its contact fatigue endurance. In the
rope-lining contact zone we encounter friction,
slip, elastic and elastic deformations (not only of
the outer layers); generation of heat, interactions
from lubricants and waters (sometimes highly
contaminated with salts).

In case of synthetic materials with the Young
modulus around 1,8 - 10° MPa (i.e. polyamides)
surface deterioration due to fatigue is revealed as
holes or missing sections.

The contact endurance of synthetic materials is
largely affected by the time of stress relaxation,
being a function of temperature, degree of
crystallisation, and the type of material. Lining
materials with the elasticity modulus of 0,8 - 10
MPa containing polyvinyl chloride exhibit
relatively large viscosity and hence they are
damaged chiefly through breaking and crushing
due to temperature increase.

Premature ageing of linings occurs when
arbitrary value of pressure loads between the rope
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Poliamidi imaju  najpovoljnije  mehanicke,
termicke i hemijske parametre, kao i ¢vrstocu na
kidanje, snagu kompresije i savijanja a vrednosti
Jungovog modula bi trebalo da se kre¢u od
(1,5-3,0) - 10° MPa. Oni su otporni na abrazivno
habanje, kidanje i temperature do 120°C, pa se
prema tome preporucuju kao obloge za uZetnice
sistema ,,Koepe*.

Niska vrednost koeficijenta trenja izmedu
poliamidske obloge i uZeta (u vedini slucajeva
u < 0,1) iskljucuje upotrebu ovih obloga u
bubnjevima i upravljackim toc¢kovima koje
karakteriSu mali uglovi dodira, narodito u
izvoznim maSinama sa viSe uZadi koje su
montirane na tornju. U tim slu¢ajevima materijali
za oblaganje treba da imaju koeficijent trenja od
u = 0,25. Ove uslove ispunjavaju gumeni
materijali, iako je kod njih Jangov modul
neznatno manji nego kod poliamida.

2.1 Glavni uzroci propadanja obloge

Izbor materijala za oblaganje zavisi od
faktora rentabilnosti i potrebne trajnosti
obloge.

Usled promenljivog optere¢enja Zlebova kotura,
raspon primene odredene obloge zavisi od njene
izdrzljivosti na naprezanje. U podrucju u kome se
dodiruju uZe i obloga nailazimo na trenje,
proklizavanje i elasticne deformacije (ne samo
kod spoljnih  slojeva), stvaranje toplote,
interakcije zbog sredstava za mazanje i vode (u
kojoj se nalazi visoka koncentracija soli).

Kod sintetickih materijala gde je Jungov modul
oko 1,810 MPa (tj. poliamidi) propadanje
povrsine zbog zamora se manifestuje kao rupe ili
delovi koji nedostaju.

Na izdrZljivost na dodir kod sintetickih materijala
u velikoj meri uti¢e vreme smanjenja naprezanja,
postojeca  funkcija  temperature,  stepen
kristalizacije i1 vrsta materijala. Materijali za
oblaganje sa modulom elasti¢nosti od 0,8 - 10
MPa koji sadrZze polivinil hlorid ispoljavaju
relativno veliku viskoznost i time se uglavnom
oStecuju putem kidanja i pucanja usled povecanja
temperature.

Do prevremenog starenja obloga dolazi kada se
prekoraCi  proizvoljna  vrednost optereéenja
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and the wheel lining are exceeded. These

pressure loads are derived from the
formula:
2S
=— MP 1
Pu=p5 4 [MPa] (I

where: § - axial force in rope,
D - pulley diameter,
d - rope diameter.

Arbitrary (empirical) values of pressure loads
in basic ropeway installations are: large mine
hoists: .1,3-3,0 MPa, small hoists: 2,0-6,0 MPa,
cranes (multiple pulleys, construction cranes):
4,0-16,0 MPa, material and passenger lifts: 4,0-
7,0 MPa, hoisting installations used in drilling:
"7,0-25 MPa.

As the resistance of polyamide linings to
arbitrary pressure loads is about 10 MPa, they
can be well used in most ropeway installations.
Vinyl-rubber linings widely used to date are
capable of bearing much smaller loads, no more
than 5,0 MPa.

2.3 Operating parameters of linings modar®

The exclusive manufacturer of the several
available versions of the headgear wheel lining
“modar®” , shown in Fig 1, is the work
cooperative SPOIWO in Radom. Three types of
linings are available now: Modar R3/Mz, Modar
R5/Kk, Modar M7/Wz. Each type has different
properties and designations.

Headgear wheel linings designated as Modar
R3/Mz, featuring large and stable values of
friction coefficient (frictional contact) are
intended for headgear wheels and drums in mine
hoists, cable railways, ski lifts and other rope
transport installations and hoisting installations
with the winders in the headframe or on the shaft
level.

Their main advantages:

— large and stable values of friction coefficient
(frictional contact) vastly exceeding the
admissible values x> 0,25,

— good durability (high resistance to abrasive
wearing),

— adequate hardness and good values of the
Poisson ratio.

pritiskom izmedu uZeta i obloge kotura. Ova

_naprezanja pri opterecenju pritiskom se izvode iz
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sledece formule:

2S

Py = E—d [MPa]

(1)

gde je: S — aksijalna sila u uZetu,
D — pre¢nik valjka,
d - prec¢nik uZeta.

Proizvoljne (empirijske) vrednosti naprezanja pri
opterecenju pritiskom u osnovnim tipovima Zicara
su: velike jamske izvozne masine: 1,3-3,0 MPa,
male izvozne masine: 2,0-6,0 MPa, kranovi (sa vise
valjaka, gradevinski kranovi): 4,0-16,0 MPa, liftovi
za materijal i putnike: 4,0-7,0 MPa, izvozna
postrojenja koja se koriste za busenje: 7,0-25 MPa.

Posto je otpor poliamidskih obloga na
proizvoljna opterec¢enja pritiskom oko 10 MPa,
mogu se koristiti na vecini uZetnih postrojenja.
Vinil-gumene obloge koje su uglavnom koris¢ene
do sada, mogu da podnesu mnogo manja
opterecenja, ne vise od 5,0 MPa.

2.3 Radni parametri obloga modar®

Ekskluzivni proizvoda¢ za nekoliko raspoloZivih
tipova obloga “modar®” za kotur izvoznog
tornja, prikazanog na slici 1, je preduzece
SPOIWO u Radomu. Danas se mogu naci tri
vrste obloga: Modar R3/Mz, Modar R5/Kk,
Modar M7/Wz. Svaka vrsta ima drugalija
svojstva i namene.

Obloge za tofak izvoznog tornja pod nazivom
Modar R3/Mz, koje imaju visoke i stabilne vrednosti
koeficijenta trenja (frikcionog kontakta) namenjene
su za to¢kove i bubnjeve izvoznog tornja u jamskim
izvoznim masinama, jamskim vise¢im Ziarama, ski
liftovima i drugim postrojenjima za uzetni transport i
izvoznim postrojenjima sa ¢ekrcima u izvoznom
tornju ili na nivou okna.

Njihove osnovne prednosti:

— Visoke i stabilne vrednosti koeficijenta trenja
(frikcioni kontakt) koje u velikoj meri
premasuju prihvatljive vrednosti x> 0,25,

— Trajnost (visoka otpornost na abrazivno
habanje),

— Adekvatna ¢vrstoca i povoljne vrednosti
koeficijenta popre¢nog istezanja.
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Linings designated as Modar R5/Kk are intended
for drums and Koepe pulleys in most hoisting
installations, featuring:

— good durability,

—relatively small values of the Poisson
ratio,

— high-resistance to pressure loads,

— friction coefficient ranging from x> 0,15.

The influence of the lining modar® on fatigue
endurance of ropes is discussed in the following sections.

Linings designated as Modar R7/Wz are intended
for drums and Koepe pulleys operated in the
conditions of explosion hazard: for instance in
underground mine excavations. Furthermore,
apart from the general characteristics, they
display most advantageous electrostatic features
and are slow-burning.

The shapes, dimensions, chemical composition and
manufacturing technology are the result of long-term

research work conducted at the AGH University of

Science and Technology in Cracow and in the Work
Cooperative “SPOIWO’ in Radom. They are patented
and protected as know-how solutions. The AGH
University of Science and Technology in Krakéw is
the sole owner of these solutions.

Obloge pod nazivom Modar R5/Kk namenjene su
za bubnjeve i uZetnice sistema ,,Koepe* u vecini
izvoznih postrojenja, koje karakteriSe:

— trajnost,

—relativno  male
popre¢nog istezanja,

— velika otpornost na pritisak,

— koeficijent trenja koji se krece od = 0,15.

vrednosti  koeficijenta

Uticaj obloge modar® na izdrZljivost na zamor
uzadi razmotren je u narednim odeljcima.

Obloge pod nazivom Modar R7/Wz namenjene
su za bubnjeve i uZetnice sistema ,,Koepe* koji
rade u uslovima u kojima vlada opasnost od
eksplozije: na primer u otkopima u podzemnim
rudnicima. StaviSe, osim opstih karakteristika,
one imaju najpovoljnija elektrostaticka svojstva i
Sporo gore. a

Oblici, dimenzije, hemijski sastav i tehnologija
proizvodnje su rezultat dugoro¢nog istrazivackog
rada koji se vr§i na AGH Univerzitetu nauke i
tehnologije u Krakovu i u preduzecu “SPOIWO”
u Radomu. Patentirani su i zaSticeni kao know-
how reSenja. AGH Univerzitet nauke i

tehnologije u Krakovu je iskljucivi vlasnik ovih
reSenja.

Figure 1 Headgear linings modar ®: Modar R3/Mz, Modar R5/Kk, Modar R7/Wz
slika 1 Obloge modar ® za izvozni toranj: Modar R3/Mz, Modar R5/Kk, Modar R7/Wz
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3 LININGS MODAR R5/KK
3.1 Properties of the lining material

Steel ropes in ropeway installations are
subject to multiple bending on various
pulleys, guide wheels, blocks. Steel ropes
include hoisting ropes in mine hoists,
drilling hoists, construction cranes, load
bearing ropes in cableways, hoisting and
lifting ropes in cranes and other ropeway
installations.

Fatigue endurance of all these ropes, particularly
at the point-to-point wire contacts, tends to
increase as the value of Young modulus of the
groove material decreases [1, 4]. Several years a
research team headed by the author undertook a
research program aimed to develop lining
materials characterised by low values of the
Young modulus, at the same time displaying
good resistance to high and variable pressure
loads. Finally, a material was developed and used
to fabricate the lining Modar R5/Kk. The basic
components include chloride-vinyl polymer
emulsion and nitrile rubber [5].

The material is cured in a hydraulic press. The
unit pressure per the mould area approaches
5 MPa. Multi-impression moulds are utilised in
the process. The sections inside the mould are
put in the press. Then they are heated for 1
minute without any pressure load to soften the
material under the influence of temperature,
afterwards the press is closed. The curing time is
120 min at temperature 150°C [5].

Designed and real parameters of the lining
material are summarised in Table 1.

OBLOGE MODAR RS5/KK
Osobine materijala za oblaganje

Celitna uZad u Ziarama podlezu visestrukom
savijanju na raznim valjcima, pogonskim tockovima,
blokovima. Celi¢na uzad ukljuéuju izvoznu uzad u
jamskim izvoznim masinama, izvoznim masinama za
busenje, gradevinskim kranovima, teretnim nosecim
uzadima u Ziarama, izvoznim i dizali¢nim uZadima u
kranovima i ostalim Zi€anim postrojenjima za
transport.

Izdrzljivost na zamor sve ove uZzadi, naroCito na
mestima od tatke do tacke dodira Zice, ima
tendenciju da se povecava kako se smanjuje vrednost
Jungovog modula materijala sa Zlebom [1, 4].
Nekoliko godina istrazivacki tim sa autorom na celu
vr$io je istrazivanje koje je imalo za cilj stvaranje
materijala za oblaganje koje karakteriSu niske
vrednosti Jangovog modula i istovremeno visoka
otpornost na velika i1 promenljiva opterecenja
pritiskom. Najzad, materijal je osmiSljen i
upotrebljen za proizvodnju obloge Modar R5/Kk.
Osnovne  komponente  uklju¢uju  vinil-hlorid
polimersku emulziju i nitro gumu [5].

Materijal se vulkanizuje u hidrauli¢noj presi.
Jedini¢ni pritisak po podruc¢ju kalupljenja iznosi
priblizno 5 MPa. U procesu se koristi kalupljenje
sa viSe otisaka. Delovi unutar kalupa se stavljaju
u presu. Zatim se greju 1 minut bez ikakvog
pritiska kako bi se omekSao materijal pod
uticajem temperature, zatim se presa zatvara.

Vreme vulkanizovanja iznosi 120 min pri
temperaturi od 150°C [5].
Projektovani 1 realni parametri materijala za

oblaganje dati su u Tabeli 1.

Table 1. Designed and real parameters of synthetic material of the linings Modar R5/Kk

Lp. Parameter el
value
1. |Tensile strength MPa (minimum) 17,0
D Elative elongation in % (minimum) 150%
3. | Permanent elongation in % (maximum) 20%
4. | Hardness ar. 20°C (in Shore’s scale, no less than) 95
5. | Resistance to ageing at. 100°C in 72 hours .(below) 30%
6. | Abrasive wearing determined using the Schopper- Schlobach apparatus in w % (max.) 10
7. | Flammability testing Burning + glowing (maximum) 5 sec
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Tabela 1. Projektovani i realni parametri sintetickog materijala obloga Modar R5/Kk

Potrebna
Lp. Parametar Dtk
8. | Otpor na kidanje MPa (minimum) I 7800
9. | Elasti¢nost pri zatezanju u % (minimum) 150%
10. | Stalno zatezanje u % (maksimum) 20%
11. | Cvrstoc¢a na pribl. 20°C (po Sorovoj skali, ne manje od) 95"
12. | Otpornost na starenje pri 100°C za 72 sati .(ispod) 30%
13. | Abrazivno habanje koje se odreduje pomocu Soper-Slobahovog aparata u w % (max.) 10
14. | Ispitivanje zapaljivosti gorenje + usijanje (maksimum) 5 sek

3.2 Influence of vinyl-rubber lining on fatigue
endurance of wire ropes

Tests were run on double-laid ropes
manufactured in Poland and three types of groove
materials. In consideration of the experimental
setup design, the rope diameter was taken to be
d =12 - 107 m. Most ropes with such diameter
are ordinary-lay ropes of various construction.
Four types of ropes selected for the tests are those
most widely used.

A — 6XT+A-Z/s

B — T6x19+A,-Z/s
C - T6x37+A,-Z/s
D — S6X19+A,-Z/s.

The groove materials:  cast iron, Young
modulus E, = 1,2 - 10° MPa and Poisson ratio
v = 0,25; polyamide linings E, = 1,8 - 10’
MPa and Poisson ratio v = 0,4; vinyl-rubber
linings E, =0,8 - 10> MPa and Poisson ratio
v=0,5][1,4].

Three levels of certainty are assumed in the tests
n =3, 5, 6 and three ratios D/d = 20, 30, 40. Most
ropes with smaller diameters fall within those
intervals in bending. Fatigue life N is obtained as
the arithmetic mean of the number of bends
experienced by three rope sections bent in the
same conditions, to rupture. Selected results are
shown in Fig 2.

Fatigue tests reveal that when grooves are
lined with vinyl-rubber linings, fatigue life of
ropes is significantly enhanced. This life
increase registered in laboratory conditions
would be 2-5 - fold, depending on rope
construction, the level of certainty n and the
ratio D/d, see Fig 2 [4].
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3.2 Uticaj vinilsko gumene obloge na
izdrzljivost na zamor Zi¢ane uzadi

IzvrSena su ispitivanja na dvoslojnom uzadima
proizvedenim u Poljskoj i tri tipa materijala sa
zlebom. S obzirom na eksperimentalni nacrt
podeSavanja, za precnik uzeta je predvidena
vrednost d = 12 - 107 m. Vecéina uZadi sa ovim
precnikom su jednoslojna uzad razliCitog sastava.
Cetiri vrste uzadi koje su izabrane za ispitivanje
su one koje se najvise koriste.

A > 6XT+A,-Z/s

B — T6x19+A,-Z/s
C - T6x37+A,-Z/s
D — S6x19+A,-Z/s.

Materijali sa Zlebom: liveno gvozde, Jungov
modul £, = 1,2 - 10° MPa i koeficijent popre¢nog
istezanja v = (,25; poliamidske obloge E, = 1,8 -
10’ MPa i koeficijent popre¢nog istezanja v =
0,4; vinilsko gumene obloge E;, = 0,8 - 10* MPa i
koeficijent popre¢nog istezanja v = 0,5 [1, 4].

Pretpostavljena su tri nivoa izvesnosti u ovim
ispitivanjima n = 3, 5, 6 i tri koeficijenta D/d = 20,
30, 40. Vecina uzadi sa manjim precnicima ulaze u
okvir ovih intervala u savijanju. IzdrzZljivost do
iscrpljenosti N dobija se kao aritmeticka sredina
broja savijanja do kojih dolazi na tri dela uzeta koje
se savija pod istim okolnostima, do kidanja. Izabrani
rezultati su prikazani na slici 2.

Ispitivanja zamora pokazuju da su Zlebovi
obloZeni  vinilsko gumenim oblogama, a
izdrZljivost do iscrpljenosti je znacajno povecana.
Ova  opaZena povetana izdrZljivost u
laboratorijskim uslovima bi bila 2-5 puta veca,
zavisno od izrade uZeta, nivoa izvesnosti n i
koeficijenta D/d, slika 2 [4].
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3.3 Frictional contact between Modar R5/Kk
and the rope

Frictional contact between the grooves in rope
pulleys lined with a lining material and a steel
rope does not play such major role as in the case
of drums or headgear. All the same, in order to
avoid pulley slippage with respect to rope during
the start-up or braking (as the rope runs the
pulley), the value of this coefficient should not be
less than a specified minimal level, determined
by:

— reduced mass of the pulley Gi. :
g

— angle of contact «,
— acceleration related to deceleration a,
— resistance of the pulley motion.

Slippage with respect to rope shall not occur if
the inertia force of the pulley plus its resistance to
motion shall be less or equal to the friction force.
Taking into account the resistance to motion and
transforming the well known Euler-Eytelwein
formula, we obtain an equation that yields the
required value of friction coefficient [4]:

p:lln S

2
* o981s,-22 4
gD

[MPa] (2)

2
k

where: u - friction coefficient,
« - angle of contact,
S, - force in the rope descending from the wheel,
GD’ - inertia moment of a pulley with lining, «
Dy - diameter of the pulley,
a - rope acceleration.

3.3 Frikcioni kontakt izmedu obloge Modar
R5/KK i uzeta

Frikcioni kontakt izmedu Zzlebova u valjcima za
uzad obloZenim materijalom za oblaganje i
Celicnog uZeta ne igra tako veliku ulogu kao u
slu¢aju bubnjeva ili izvoznog tornja. Ipak, kako
bi se izbeglo proklizavanje valjka u odnosu na
uZe tokom pokretanja ili kocenja (prilikom
delovanja uzeta na valjak), vrednost ovog
koeficijenta ne bi trebalo da bude manja od
preciziranog minimalnog nivoa, koji odreduje:

— Smanjena masa valjka ﬁ
9

— Ugao kontakta o,
— Ubrzanje vezano za usporavanje a,
— Otpor kretanja valjka.

Proklizavanje u odnosu na uZe se nece dogoditi
ukoliko sila inercije valjka plus njegov otpor
kretanju budu manji od ili jednaki sili trenja.
Uzimajuéi u obzir otpor na kretanje i vrSeci
pretvaranje dobro poznate Ojler-Ejtelvajnove
formule, dobijamo jednacinu koja donosi trazenu
vrednost koeficijenta trenja [4]:

5 [MPa] (2)

.

Y=—In

* 09815 -2 4
gD

k

gde je: u - koeficijent trenja,
« - ugao kontakta,
S, — sila u uzetu koje se spusta sa tocka,
GD* -moment inercije valjka sa oblogom,
D, — pre¢nik valjka,
a — ubrzavanje uzeta.

15004
g
S N i

T
TTTTTT

A B

Fatigue life (number of bends) [N]

© D

Ocastiron  BEpadyamidelining O vimyl-rubber lining

Figure 2 The effects of linings in pulley grooves on fatigue life of various wire ropes — selected results
A —6X7+A,-Z/s, B—TOx19+A,-Z/s, C—T6x37+A,-Z/s, D — S6x19+A ,-Z/s
slika 2 Delovanje obloga u Zlebovima valjka na izdrljivost de iscrpljenosti u raznim Zicanim uzZadima—izabrani rezultati

A — 6X7+A,-Z/s, B—T6x19+A,-Z/s, C = T6x37+A,-Z/s, D — S6.x19+A ,-Z/s
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This formula yields the minimal value of friction
coefficient or, when the value of the frictional
contact is known, - the minimal angle of contact
at which no slip would occur for the given pulley
parameters.

The paper [6, 7] summarises the results of
measurements of friction coefficient (frictional contact)
between the rope and the lining Modar RS/Kk.

Rope surface and lining conditions considered in
the tests:

—clean, dry
- clean, wet
— lubricated with Elaskon II Star, dry
— lubricated with Elaskon II Star, wet
— lubricated with Nyrosten N113, dry
— lubricated with Nyrosten N113, wet

The rope used in tests: @ 20 S 6x19+A, —
Zls.

Three levels of pressure loads were applied: 1,5
MPa, 2,0 MPa, 2,5 MPa, computed as arithmetic
mean derived from formula (1).

The minimal value of the friction coefficient
of Modar RS5/Kk linings interacting with
lubricated ropes at temperatures up to 30°C is
about 0,15.

4 MODAR RS5/KK PULLEY LININGS
IN MINE HOISTS

4.1 Study of feasibility and practicability of
Modar R5/Kk linings in hoisting
installations with the winders in the
headframe or on the shaft level.

Presented below are results of studies reported
in [1-7].

I Modar R5/Kk linings are intended chiefly for
use in grooves in pulleys in hoisting installations
with the winders in the headframe or on the shaft
level.

The minimal value of the friction coefficient of
linings Modar RS5/Kk interacting with a
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Ova formula daje minimalnu  vrednost
koeficijenta trenja ili, kada je poznata vrednost
frikcionog kontakta — minimalni ugao kontakta u
kome se nece desiti nikakvo proklizavanje pri
datim parametrima valjka.

Ovaj rad [6, 7] daje kratak pregled rezultata
merenja koeficijenta trenja (frikcionog kontakta)
izmedu uZeta i obloge Modar R5/Kk.

U ovim ispitivanjima posmatramo slede¢a stanja
povrsine uZeta i obloga:

— Cisto, suvo

— Cisto, vlazno

— Podmazani sa Elaskonom II Star, suvi
— Podmazani sa Elaskonom II Star, vlazni
— Podmazani Nyrosten-om N 113, suvi

— Podmazani Nyrosten-om N113, vlazni

UZe koje je koriS¢eno u ispitivanjima: @ 20 S
6x19+A,— Z/s.

Bila su upotrebljena tri nivoa pritiska: 1,5 MPa,
2,0 MPa, 2,5 MPa, proracunati kao aritmeticka
sredina izvedena putem formule (1).

Minimalna vrednost koeficijenta trenja kod
obloga Modar R5/Kk koje su u interakciji sa
podmazanom uZadi pri temperaturi do 30°C
iznosi oko 0,15.

4 MODAR R5/KK OBLOGE ZA VALJAK U
JAMSKIM IZVOZNIM MASINAMA

4.1 Studija izvodljivosti i upotrebljivosti
obloga Modar R5/KKk u izvoznim
postrojenjima sa pogonima u izvoznom
tornju ili na nivou okna.

U daljem tekstu su predstavljeni rezultati
pomenutih studija u [1-7].

1 Modar R5/Kk obloge namenjene su uglavnom
za upotrebu na Zlebovima u valjcima za uzad u
izvoznim postrojenjima sa pogonima u izvoznom
tornju ili na nivou okna.

Minimalna vrednost koeficijenta trenja kod
obloga Modar R5/Kk koje su u interakciji sa
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lubricated rope equals 0,15 which allows the
lined rope pulleys to be operated with the angle
of rope contact o = 30° As in hoisting
installations with the winders in the headframe or
on the shaft level the angle of contact of rope
pulleys are usually in excess of 120°, the pulley
lined with Modar R5/Kk will not slip against the
rope throughout the whole range of diameters of
pulleys operated in Poland, their moments of
inertia, conveyance acceleration and deceleration
and other parameters of hoisting installations and
at any ambient temperature.

2 In Polish mines where the hoisting installations
are operated with the winders in the headframe or
on the shaft level, load-bearing ropes (in at least
90% of cases) still interact with steel or cast iron
crowns of rope pulleys. As the result of steel-
steel or steel-iron interactions, these two elements
will shortly experience abrasive and fatigue
wearing. Application of Modar R5/Kk linings
made from materials whose modulus of elasticity
is much less than that of steel will reduce the
levels of contact stress and stresses due to
secondary bending, thus improving the fatigue
life of wire ropes.

3 The extractive sector in Poland operates 10
multiple rope hoisting installations with the
winders in the headframe or on the shaft level.
Modar R5/Kk linings should be applied there in
the first place. The number of single-rope
hoisting installations with a Keope pulley is
much greater and the wuse of linings is
recommended, too.

According to the author’s estimates, supported by
a thorough analysis of solutions applied in
Poland, Modar R5/Kk linings might be well
applied in at least 100 hoisting installations with
the winders in the headframe or on the shaft
level.

In such cases two solutions seem practicable.
First, new pulleys with Modar R5/Kk lining
should be provided in newly-built, modernised or
re-constructed hoisting installations.
Alternatively, grooves can be rolled in existing
pulley crowns (without disassembling the pulley
from the headframe). Groove dimensions have to
match the lining sections, whose parameters are
compiled in Table 2, 3.
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podmazanim uzetom iznosi 0,15 §to omogucava
da obloZeni valjci funkcionisu pri uglu kontakta
sa uzetom od o = 30°. PoSto je u izvoznim
postrojenjima sa pogonima u izvoznom tornju ili
na nivou okna ugao kontakta valjaka za uzad
obi¢no preko 120°, bubanj obloZzen Modar-om
R5/Kk nece klizati niz uZe kod svih precnika
bubnjeva koji rade u Poljskoj, pri njihovim
momentima inercije, ubrzavanju i usporavanju
prevoza 1 drugim parametrima izvoznih
postrojenja i pri bilo kojoj drugoj okolnoj
temperaturi.

2 U poljskim rudnicima gde izvozna postrojenja rade sa
pogonima u izvoznom tornju ili na nivou okna, uzad
koja su nosioci opterecenja (u najmanje 90% slucajeva)
1 dalje su u interakciji sa zastitnim slojevima od Celika
ili livenog gvozda bubnjeva za uzad. Kao rezultat
interakcija izmedu Celika i Celika ili Celika i gvozda, ova
dva elementa ¢e ubrzo pretrpeti abrazivno habanje i
habanje usled zamora materijala. Primena Modar
R5/Kk obloga napravljenih od materijala ¢iji je modul
elastiénosti mnogo manji nego kod celika ¢e smanjiti
nivo naprezanja usled kontakta i naprezanja zbog
sekundamog savijanja, i time produziti izdrzljivost na
zamor Zi¢ane uZadi.

3 Primarni industrijski sektor (ekstraktivni
sektor) u Poljskoj radi sa 10 izvoznih postrojenja
sa viSe uzadi i sa pogonima u izvoznom tornju ili
na nivou okna. Tu bi najpre trebalo da se primene
Modar R5/Kk obloge. Broj jedno-uzetnih
izvoznih postrojenja sa uZetnicama sistema
.Keope je mnogo veci a takode se preporucuje
upotreba obloga.

Prema  autorovoj  proceni,  potkrepljenoj
temeljnom analizom re$enja koja su primenjena u
Poljskoj, Modar R5/Kk obloge bi takode mogle
biti dobro upotrebljene u najmanje 100 izvoznih
postrojenja sa pogonima u izvoznom tornju ili na
nivou okna.

U takvim slu¢ajevima izgleda da su izvodljiva dva
reSenja. Najpre, trebalo bi obezbediti nove bubnjeve
sa oblogom Modar R5/Kk u novoizgradenim,
modernizovanim  ili  renoviranim  izvoznim
postrojenjima. Druga mogucnost je da se Zlebovi
umetnu u postojece zastitne slojeve bubnja (bez
demontiranja valjka sa izvoznog tornja). Dimenzije
Zleba moraju da se poklapaju sa obloZenim
delovima, €iji su parametri dati u Tabeli 2 i 3.
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4.2 Dimensions of R5/Kk linings for rope
pulleys in hoisting installations

Modar lining dimensions are provided in table 2

and 3.

tabeli 3.

Table 2 Basic parameters of Modar R5/Kk linings [mm]
Tabela 2 Osnovni parametri obloga Modar R5/Kk [mm]

4.2. Dimenzije obloga R5/Kk za valjkove za
uzad u izvoznim postrojenjima

Dimenzije Modar obloge date su u tabeli 2 i

Number of B i Appllcable for

Segment segments per s diameters

7. a B @ f g e r 3 lining set
size circumference K puiley Rope
E D D
T12K 8 11 40 552 900 16-20
T12K 551436+ | 35 65,8 8 11 56 72 1250 18-20
T16K 9 13 72 9,2 1600 20-26
T20K 10 15 90 16 2000 24-30
T25K Ll D T - 11 16 112 19,6 2500 28-32
T30K 75 | 48 | 50 20 6T Il 12 18 134 334 3000 30-36
T40/1K 13 19 56,4 34-38
TA0/2K 8 | 55 | 55 68,0 G B 179 553 4000 4044
T50/1K 16 24 89,8 42-48
TS02K 100 | 68 | 60 68,2 10 78 224 88,7 5000 5056
T63/1K 20 30 157,8 52-60
T63/2K et i B oo 23 35 2 155,6 o0 61-70
Specific mass id the Modar R5/Kk material: p = 1,29g/cm’.
y a ” f .
3 s ey s A 4—
F 3 3
()
A T | N LT R S prreee
&) (=
R°)
’ Miejsce cechowania 9

Miejsce cechowania

if

Figure 3 Trapezoidal lining segment [6, 7]
slika 3. Trapezoidni segment obloge [6, 7]
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Table 3 Parameters of wedge-shaped lining sections [mm]

Tabela 3 Parametri klinastih delova obloge [mm]

Number of Mass of the Apphcable for
Segment s segments per I diameters
4 a B C f g [ r : lining set
size circumference K Pulley rope
g
D d
T12K 8 11 40 5.2 900 16-20
T12K SSES6: 35 65,8518 11 56 72 1250 18-20
T16K 9 13 12 052 1600 20-26
T20K 10 15 90 16 2000 24-30
T25K g 5 (e i 11 16 112 19,6 2500 28-32
T30K 7501 4871750 70 67,7 | 12 18 134 334 3000 30-36
T40/1K 13 19 56,4 34-38
T40/2K it Bl e sa0 15 22 23 555 ki 40-44
T50/1K 16 24 89,8 42-48
TSO/K 100 | 68 | 60 68,2 T 28 224 887 5000 5056
T63/1K 20 30 157,8 52-60
T63/2K Jen TR Tk i 23 35 A 155,6 g0 61-70
Specific mass id the Modar R5/Kk material: p = 1,29 g/em’.
Lining designation: T40/1 Modar R5/Kk.
< a ~ 2 f i
_________________________ 1
i \
i i
|+ _______ METT T T
i I
p o |
- :
£ |
I i
pis i
b g K

if

Miejsce cechowania

Figure 4 We(lge—shapeﬁ lining section in pulley with trapezoidal cross-section [6, 7]

4.3. Tolerance in lining fabrication

slika 4 Klinasti oblik obloge u valjku sa trapezoidnim poprecnim presekom [6, 7]

4.3. Tolerancija u izradi obloga

Deviations from values summarised in Tables 2  Odstupanja od vrednosti navedenih u tabelama 2
and 3 should not exceed the levels provided in i 3 ne bi trebalo da budu veca od nivoa datih u

table 4.

tabeli 4.

Table 4 Admissible imprecision in lining fabrication

Tabela 4 Prihvatljiva odstu

panja u izradi obloga

Dimension, mm a b a-b < f g f-g
Admissible deviation +0,0 +0,0 +0,5 +0,0 +1,0 +1,0 +0,5
Mm -1,5 -1,5 -0,5 -1,0 -1,0 -1,0 -0,5
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5 CONCLUSION AND FINAL REMARKS

5.1 Conclusions

I Several versions of modar® linings: Modar
R3/Mz, Modar R5/Kk, Modar R7/Wz developed
in recent years in Poland are manufactured by the
cooperative SPOIWO in Radom. The linings
modar® have all the certificates, licences and
permits required by the law [4].

Headgear wheel linings designated as Modar
R3/Mz. are intended for headgear wheels and
drums in mine hoists, cable railways, ski lifts and
other ropeway - installations. Their main
advantages include:

— large and stable values of friction coefficient
(frictional contact) vastly exceeding the
admissible values @ > 0,25,

— good durability (high resistance to abrasive
wearing),

— adequate hardness and good values of the .
Poisson ratio.

Linings designated as Modar R5/Kk are intended
for rope pulleys and might be employed in most
rope transport installations. When employed, the
fatigue endurance of wire ropes improves by
hundred to several hundred percent.

Modar R5/Kk features:

— very hard,
— high-resistance to pressure loads,
— friction coefficient ranging from > 0,15.

Linings designated as Modar R7/Wz are intended
for drums and Koepe pulleys operated in the
conditions of explosion hazard: for instance in
underground mine excavations. Furthermore,
apart from the general characteristics, they
display most advantageous electrostatic features
and are slow-burning.

2 Fatigue tests reveal that when cast iron grooves
are lined with the vinyl-rubber Modar R5/Kk
lining, the fatigue life of wire ropes is vastly
enhanced. In laboratory conditions this life would
increase 2 — 5 — fold, depending on the rope
construction, level of certainty n and the actual
value of the D/d ratio.
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5 ZAKLJUCAK I ZAVRSNE PRIMEDBE

5.1 Zakljucci

I Nekoliko tipova modar® obloga: Modar
R3/Mz, Modar R5/Kk, Modar R7/Wz izradenih u
poslednjih nekoliko godina u Poljskoj proizvelo
je preduzece SPOIWO iz Radoma. Obloge
modar® imaju sve sertifikate, licence i dozvole
koje propisuje zakon. [4].

Obloge za kotur izvoznog tornja pod nazivom Modar
R3/Mz namenjene su za koturove i bubnjeve izvoznog
tomja u jamskim izvoznim maSinama, jamskim
vise¢im Zi¢arama, ski liftovima i drugim postrojenjima
na uzetni prevoz. Njihove glavne prednosti su sledece:

— Visoke i stabilne vrednosti koeficijenta trenja
(frikcionog kontakta) koje u velikom meri
premasuju minimalne vrednosti ¢> 0,25,

— trajnost (visoku otpornost na abrazivno
habanje),

— adekvatnu Cvrstinu i povoljne vrednosti
koeficijenta popre¢nog istezanja.

Obloge pod nazivom Modar R5/Kk namenjene su
za valjke za uZad i mogu se primeniti u mnogim
sistemima uZetnog transporta. Kada se upotrebe,
izdrZljivost na zamor Zi¢ane uzZadi poveéava se
od sto do nekoliko stotina procenata.

Modar R5/Kk ima sledece karakteristike:

— velika ¢vrstoca,
— visoka otpornost na opterecenja pri pritisku,
— koeficijent trenja koji se krece od > 0,15.

Obloge pod nazivom Modar R7/Wz namenjene
su za bubnjeve i uZetnice sistema ,Koepe* koji
funkcioniSu u uslovima gde postoji opasnost od
eksplozije: na primer u podzemnim rudnicima.
Stavise, pored opstih karakteristika, one imaju
najpovoljnija elektrostaticka svojstva i sporo
gore.

2 Ispitivanja zamora materijala pokazuju da kada
se zlebovi od livenog gvozda obloze vinil-
gumenom oblogom Modar R5/Kk, u velikoj meri
se produzava izdrzljivost na zamor Zicane uzadi.
U laboratorijskim uslovima ova izdrZljivost bi se
povecala 2-5 puta, zavisno od izrade uZeta, nivoa
izvesnosti n i stvarne vrednosti odnosa D/d.
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3 Minimal values of the friction coefficient
(frictional comaét) of linings Modar R5/Kk
interacting with lubricated ropes at temperature
up to 30°C is u = 0,15, which eliminates the rope
slipping against the pulley at the angle of contact
o2 30°.

As in hoisting installations with the winders in
the headframe or on the shaft level the angle of
contact of rope pulleys are usually in excess of
120°, the pulley lined with Modar R5/Kk will not
slip against the rope throughout the whole range
of diameters of pulleys operated in Poland, their
moments of inertia, conveyance acceleration and
deceleration and other parameters of hoisting
installations and at any ambient temperature.

5.2 Final remarks

Among the purchasers of the linings modar® are
well-known  companies: ABB,  Garaventa,
Doppelmayr® as well as Polish Cable Railways in
Zakopane, the  company “Zgoda” in
Swigtochtowice, copper mines from the Polish
Corporation KGHM Polska Miedz S.A. (copper
mines: “Lubin’ and ‘“‘Polkowice-Sieroszowice); salt
mine in Klodawa and nearly all Polish collieries.

3 Minimalne vrednosti koeficijenta trenja
(frikcionog kontakta) obloga Modar R5/Kk koje
su u interakciji sa podmazanom uZadi pri
temperaturi do 30°C iznosi u 0,15, sto
eliminiSe proklizavanje uZeta sa bubnja pri uglu
kontakta o = 30°.

Posto je u izvoznim postrojenjima sa pogonom u
izvoznom tornju ili na nivou okna, ugao kontakta
valjaka za uzad obi¢no preko 120°, bubanj obloZen
Modar-om R5/Kk nece proklizavati sa uZeta kod
svih precnika bubnjeva koji se upotrebljavaju u
Poljskoj, pri njihovim momentima inercije,
ubrzavanju i usporavanju prevoza i drugim
parametrima izvoznih postrojenja i pri bilo kojoj
drugoj okolnoj temperaturi.

5.2 Zavrsne primedbe

Medu kupcima obloga modar® su poznate
kompanije ABB, Garaventa, Doppelmayr® kao i
Poljske Zicare u Zakopanama, kompanija
“Zgoda” u Svietoklovicama, rudnicima bakra iz
poljske korporacije KGHM Polska Miedz S.A.
(rudnici  bakra:  “Lubin” 1  “Polkowice-
Sieroszowice); rudnik soli u Klodavi i skoro svi
poljski rudnici kamenog uglja.

5-7, September 2005.

supervision of J. Hansel, Krak6w 2003.

Zbigniew Maj, 2004.
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