The International Journal of
TRANSPORT & LOGISTICS
Medunarodni casopis
TRANSPORT I LOGISTIKA

UDC:622.625.5.05

STEEL WIRE ROPES AND TECHNICAL RISKS OF THEIR OPERATION
CELICNA UZAD ! RIZIC! NJIHOVE PRIMENE
Jan BOROSKA, Daniela MARASOVA

Faculty BERG, Technical University of Kosice,
Letna 9, Kosice, Slovakia

Abstract: Steel wire ropes we meet at many machines and devices. They represent an important
construction element and rather strict requirement are laid upon them from the point of view of
safe and reliable operation especially at the transport of people and material as well as in case of
carrying and anchoring elements. According to the type of using from steel wire ropes is required
a prescribed safety. Their value is affected by various factors that decrease the safety.

Present European legislation requires for machines and their elements to carry out analysis of
technical risk. These problems applied on steel ropes were solved at the Department of logistics
and production systems. The influence of actual carrying capacity of steel ropes, the influence of
acting dynamic forces and the influence of wear of wires of steel ropes on the safety was
observed. All the mentioned influences decrease the safety of ropes and thereby also their
reliability of operation.

On the basis of existing knowledge in case of steel ropes it is possible to say about the technical
risk at decreasing the initial safety by 40 - 70 % in the dependence on the original value.
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Apstrakt: Celicna uzad predstavljaju sastavni deo mnogih masina i uredaja. Oni su bitan
konstrukcioni element i stoga moraju zadouvoljiti stroge zahteve u pogledu bezbednosti i
pouzdanosti rada, narocito kada je u pitanju transport radnika i materijala, kod nosecih
elemenata i kod ankerisanja. Zavisno od njihove namene celicna uzad moraju zadovoljiti unapred
odreden stepen bezbednosti. Njegova vrednost zavisi od razlicitih faktora koji uticu na smanjenje
stepena bezbednosti.

Po vazecem evropskim propisima obavezno je vrsenje analize tehnickih rizika za masine i njihove
elemente. Katedra za logistiku i proizvodne sisteme bavi se resavanjem pomenute problematiike
za oblast celicnih uzadi. Naime, proucava se kako na bezbednost celicnih uZadi uticu pojedini
faktori kao Sto su; stvarna nosivost celi¢nih uzZadi, vrsne dinamicke sile i habanje. Svi navedeni
faktori negativno uticu na bezbednost, pa samim tim, i na njihovu pouzdanost u radu.

Na osnovu raspoloZivih saznanja moguce je proceniti tehnicki rizik uzimajuci u obzir da stepen
bezbednosti celicnih uZadi opada za 40 - 70% u odnosu na pocetnu vrednost.

Kljucne reci: celicno uze, tehnicki rizik, bezbednost, habanje, dinamicko naprezanje, radni vek,
pouzdanost

1. INTRODUCTION 1. UvoD
Steel wire ropes are characterised by several Nekoliko parametara i promenljivih vrednosti je

variables and parameters. From the point of view of  karakteristii¢cno za celi¢cnu uzad. Da bi se utvrdila
technical risk it is necessary to remind especially  priroda tehnickog rizika i odredio njegov stepen,
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those, with which we will deal most at determining
the risk and its evaluating. These are [1]:

carrying capacity of steel rope,

safety of steel rope,

wear and corrosion of steel rope,

static and dynamic stressing of steel rope.

1]

. DEFINITION OF SELECTED PARAMETERS
AND VARIABLES OF STEEL WIRE ROPES

The given definitions are taken from valid Slovak
technical standards and technical literature.

2.1. Construction of steel wire rope

Under this term we understand the common
arrangement of strands in the rope and wires in the
strand. The construction of a rope can be
expressed in two ways [1]:

a) In the STN by the number marking and
illustration of the rope's cross-section, while the
diameter of the rope is the complementary number
before the standard's number. The first
complementary digit after the standard’s number
depicts the nominal strength of wires out of which
the rope is produced and the second
complementary digit depicts the surface treatment
of wires, direction and way of the rope’s winding.
Example: 28 STN 024324.41.

b) The second way of the rope’s depicting is more
transparent. Before the parenthesis is given the
number of rope’s strands, in the parentheses is the
number of wires in individual layers of the strand
and after the parenthesis there is the type of insert,
surface treatment of wires, nominal strength of
wires and way and direction of winding the wires
and the strands.

Example: 6(1+6+12) + v HO 1570 x P.

2.2. Carrying capacity of steel wire rope

The carrying capacity from the point of view of the
user belongs to the most important parameters of
steel ropes. According to the standard there are
defined several types of carrying capacities [9]:

a) nominal carrying capacity of rope represents
the sum of nominal carrying capacities of all the
carrying wires of the rope. It is given in N or kN and
for its calculation holds true the equation [9]

i

N, = zni S,.0,,[N]

i=1

(1
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potrebno je razmotriti sledece parametre celicnog
uzeta [1]:

nosivost,

bezbednost,

habanije i koroziju,

staticko i dinamicko naprezanie.

2. DEFINISANJE 1ZABRANIH PARAMETARA |
PROMENLJIVIH VREDNOSTI
Date definicije uzete su iz vazecih slovackih

tehnickih standarda i savremene tehnicke literature.
2.1. Konstrukcija celicnog uZeta

Pod ovim pojmom podrazumeva se uobicajeni
raspored strukova u uzetu i zica u struku.

Konstrukcija uzeta moze se izraziti na dva
nacina [1]:
a) STN - brojem oznake i prikazom poprecnog

preseka uzeta, pri  cemu precnik uzeta
predstavlja dopunski broj koji stoji ispred broja
koji oznacava struk. Prvi dopunski broj posle
broja struka oznacava nominalnu c¢vrstocu zica
od kojih se sastoji uze, dok drugi dopunski broj
oznacava vrstu obloge zZice, smer i nacin
namotavanja.

Primer: 28 STN 024324.41.

b) Sledeci nacin obelezavanja uzeta je daleko
prakti¢niji i razumljiviji. Ispred zagrade dat je
broj strukova u uzetu, u zagradi dat je broj zica
u svakom snopu struka i posle zagrade data je
vrsta umetka, obloga zice, nominalna ¢vrstoca
zica, smer i nac¢in namotavanja Zica u struku.
Primer: 6(1+6+12) + v HO 1570 x P.

2.2. Nosivost celicnog uzeta

Iz perspektive korisnika nosivost je jedan od
najvaznijih parametara celicnih uzadi. Prema
standardu postoji nekiliko tipova [9]:

a) nominalna nosivost uzeta predstavlja zbir
nominalnih nosivosti svih nosecih zica u datom
uzetu. lzrazena je u N ili kN, a za obracun
primenjuje se jednacina [9]:

n

N, = zn, S,.0,,[N]

i=1
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where:
N, - nominal carrying capacity in N,

n, - number of wires of the same diameter,

S, - nominal cross-section of wires of the same
diameter,

O, - nominal

: strength of wires of the

cbrresponding diameter in MPa.

The nominal carrying capacity of ropes of the
same construction depends on the nominal
strength of wires that were used for its production.
The noiminal carrying capacity represents the
minimum carrying capacity of the rope [1].

b) The calculated carrying capacity of the rope is
the sum of actual carrying capacities of carrying
wires of the rope, their value can be acquired by
tensile tests of individual wires. The calculated
rope’s carrying capacity is higher when comparing
with the nominal carrying capacity, while it can be
different only in certain limits [ 1].

¢) The inclusive carrying capacity of the rope is
defined as the calculated carrying capacity of the
steel rope, reduced by carrying capacities of wires
that at tests did not meet requirements of the
STN 024301.1 [9].

d) The average carrying capacity of the rope
replaces the inclusive carrying capacity at ropes
produced according to he STN 024301.2 [8]. The
average carrying capacity of the rope can be
acquired as the sum of the average carrying
capacity of a certain smaller number of carrying
wires. In this carrying capacity again are not
included wires that did not meet requirements of
the STN [8].

e) The actual carrying capacity of the rope is
found out by tearing a sample of steel wire rope, it
is the largest achieved force at tensile test of a
sample of the whole rope. This is always lower
than the nominal carrying capacity. its percentage
values from the nominal strength are given in
Table 1[1].

Table I Actual carrying capacity of steel wire ropes

Tabela | Stvarna nosivost celicnog uzeta

gde je:

N, - nominalna nosivost izrazena u N,

n, - broj zica istog precnika,

S, - nominalni poprecni presek zica istog
precnika i

0, - nominalna ¢vrstoca zZica odgovarajuceg

precnika izrazena u MPa.

Nominalna nosivost uzadi iste konstrukcije zavisi
od nominalne ¢vrstoce zica koje su koriscene za
njihovu izradu. Nominalna nosivost predstavlja
minimalnu nosivost [ 1].

b) Obracunata nosivost uzeta je zbir stvarne
nosivosti nosecih zica datog uzeta. Ova vrednost
moze se dobiti ispitivanjem na istezanje svake
pojedinacne zice. Obracunata nosivost uzeta
veca je od nominalne nosivosti, ali moze se
razlikovati samo do odredene granice [1].

¢) Ukupna nosivost uzeta moze se definisati kao
obracunata nosivost celicnog uzeta, umanjena za
pojedinacne  nosivosti  zica  koje  prilikom
ispitivanja nisu zadovoljile STN 024301.1 [9].

d) Prosec¢na nosivost uzeta zamenjuje ukupnu
nosivost kod uzadi koja su proizvedena u skladu
STN 024301.2 [8]. Prosecna nosivost uzeta
moze se dobiti kao zbir prosecne nosivosti
odredenog manjeg broja nosecih zica. U ovu
nosivost, takode, nisu ukljucene zice koje nisu
zadovoljile STN [8].

e) Stvarna nosivost celichog uzeta moze se
ustanoviti  kidanjem  jednog uzorka, sto
predstavlja najvecu silu koja se moze postici u
okviru ispitivanja na istezanje. Ova vrednost uvek
je manja od nominalne nosivosti. Procentualne
vrednosti u odnosu na nominalnu vrednost date
su u tabeli [1].

Quality Construction of steel wire rope /0t pemingl
carrying capacity
- one-strand rope 80,0
- double wound ropes with one layer of ropes in strands 90,0
\% - double wound ropes with two layers of ropes in strands 85,0
- double wound ropes with three layers of ropes in strands 82,0
- all parallel constructions without regarding number of wires in strands 75,0
N - ropes with number of wires to 222 except parallel constructions 80,0
- ropes with greater number of wires as 222 and all parallel constructions 75,0
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The actual carrying capacity of ropes is affected
by more factors, the decisive one is the
construction of the steel rope.

2.3. Safety of steel wire rope

At the calculation we come out from the nominal
or inclusive carrying capacity of steel rope that
occurs in the numerator of the equation for its
calculation. In the denominator is the maximum
static load of the rope [1].

5 = )

max

were:
s - safety of rope (non-dimensional parameter),

N - nominal or inclusive carrying capacity of rope in N,
F 4 - Maximum static load,

The value of the safety is given by standards and
regulations, depends on type of the device on
which the rope is used, or on its purpose. In Table
2 there are given ranges of the safety for various
types of ropes valid in various European states [1].

Table 2. Safety of steel ropes
Tabela 2 Bezbedonosni limit celicnih uzadi

Na stvarnu nosivost uzadi uti¢u razni faktori, ali je,
pri tom, odlucujuci faktor konstrukcija celicnog
uzeta.

2.3. Stepen bezbednosti celicnog uzela

Prilikom obracuna polazi se od nominalne ili
ukupne nosivosti celicnog uzeta koja se javlja u

brojitelju jednacine za obracun. U imenitelju
jednacine  nalazi se  maksimalno  staticko
opterecenje [1].

N
§=—, 2)

max
gde je:
s — stepen bezbednosti uzeta (nedimenzionisan
parametar),

N — nominalna ili ukupna nosivost uzeta izrazena u N,
F ... — maksimalno staticko opterecenje,
Vrednost kojom se oznacava stepen bezbednosti
izrazena je kroz standarde i pravila, zavisi od vrste
uredaja u okviru koga je uze upotrebljeno, ili od
njegove namene. U tabeli 2 dat je bezbednosni
limit za razlicite tipove uzadi koji je trenutno na
snazi u nekoliko evropskih zemalja [ 1].

Type of rope Safety
- hoisting 6-9
- balancing 5-7
- guiding and reflex 5-7
- carrying ropes of rope-ways 3,5-4
- tractive ropes of rope-ways 5-6
- lift 8-16
- crane 3-8,5
- anchoring 3,5-5
- ropes of ski-lifts 4-5

2.4. Wear and corrosion of steel wire rope

The wear and corrosion of wires of a steel rope
decrease the metallic cross-section of the rope as
well as its carrying capacity. That is why the
standards and regulations limit the value of wear. In
the Slovak Republic for hoisting ropes the allowed
maximum decrease of the metallic cross-section id
20 %.

The cause of wear of wires of steel ropes is their
common contact with the surface of the groove of
pulleys and sheaves as well as at winding the rope
on the drum in various layers the common contact

80

2.4. Habanje i korozija celicne uzadi

Habanjem i korozijom zica celicnog uzeta,
smanjuje se poprecni presek metalnog dela uzeta
kao i njegova nosivost. Iz tog razloga standardi i
pravila ogranicavaju stepen habanja. U Slovackoj
Republici za izvoznu uzad maksimalno dozvoljeno
smanjenje poprecnog preseka je 20%.

Uzrok habanja zica celicnog uzeta je njihov
kontinuirani kontakt sa zljebom koturace i
kotura, kao i zbog toga sto je na bubnju uze
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of the rope's surface between lower and upper
layers.

The corrosion of steel ropes is a topical
degradation process at their work in wet the
environment. Both factors, the wear and the
corrosion, unfavourably affect the reliability and
safety of steel ropes [1].

2.5. Stressing of steel wire ropes

Although the safety of steel ropes is caiculated
from their load by static forces, acting further types
of stressing is taken into consideration by increased
safety coefficient. On the rope during its movement
on an arbitrary device act three types of forces:

F, - static force being formed by acting the weight
on the rope,
- dynamic force, being the result of uneven
movement of steel rope and its load,
F., - bending force being spent on bending ropes
at its passing through pulleys and sheaves or
at its winding on the drum.

F

dyn

For the calculation of individual types of forces
hold true equations [ 1]:

F‘»l = Gl(:l g’ [N]' (3)
Fon = 1,5Ga, [N], 4)
o ES,S
w="p [N], (5)
where:
G, - weight of all the loads suspended on the rope

including the weight of the rope in m,

E - modulus of elasticity of the steel rope in N.m?,
0, - diameter of surface wires of steel rope in m,
S - metallic cross-section of the steel rope in m2,
D - diameter of pulley, sheave or drum through

which the rope in bent in m,
a - acceleration at the acceleration period in m.s”,
g - gravitational acceleration 9.81 m.s™.

The maximum force should not be greater than
20 - 25 % of the carrying capacity of the steel rope

[1].

3. TECHNICAL RISKS OF OPERATION OF

STEEL WIRE ROPES

The legislation of states of the European Union
considers the safety of machine devices and the
safety of work as one of its most important areas.
The directive of the Council of Europe
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namotano u nekoliko slojeva i dolazi do stalnog
kontakta izmedu donjih i gornjih slojeva.

Korozija celicne uzadi je proces koji je posebno
izrazen u uslovima povecane vlaznosti. Oba
pomenuta faktora, habanje i korozija, nepovoljno
uticu na pouzdanost i bezbednost rada celicne
uzadi [1].

2.5. Naprezanje celicne uzadi

lako se bezbednost celicne uzadi izracunava na
osnovu opterecenja prouzrokovanog  statickim
silama, drugi vr$ni vidovi naprezanja su uzeti u obzir
za uvecani koeficijent bezbednosti. Naime, u toku
kretanja, na uze bilo kog uredaja deluju tri vrste
sila, i to:

F, — staticka sila koja nastaje delovanjem tereta na

uze,
Fan dinamicka sila  koja je rezultat

neravnomernog kretanja celicnog uzeta i tereta,
F,, — sila savijanja koja se javlja prilikom prolaska

uzadi kroz koturace i koturove ili prilikom
namotavanja na bubanj.

Za obrazun pojedinacnih vrsta sila koriste se
sledece jednacine [ 1]:
Fa = Ga g, [N], (3)
Frlw = 1'5 Glul.ar [N]v (4)

B} EOd,.S
F,, ==—"—,[M] 5)

D

gde je:
G,, - tezina svih tereta obesenih o uze ukljucujuci i

tezinu samog uzeta, m,
E - modul elasti¢nosti ¢eli¢cnog uzeta, N.m~,
9, — precnik povrsinskih zica u celicnom uzetu, m,
S — poprecni presek metalnog dela uzeta, m?,
D — prec¢nik koturace, kotura ili bubnja preko koga
je savijeno uze, m,
a - ubrzanje tokom vremena ubrzanja, m.s” i
g - gravitaciono ubrzanje 9.81 m.s”.
%

Maksimalna sila mora biti veca 20 - 25 od

ukupne nosivosti ¢elicnog uzeta [1].
3. TEHNICKI RIZIK PRI RADU CELICNE UZADI

Zakonodavstvo  Evropske  Unije  smatra da
bezbednost rada masina i uredaja i bezbednost na
radu spada u jednu od najznacajnijih oblasti njenog
delovanja. Direktivom Saveta Evrope 89/392/EOVS
nalaze se sprovodenje analiza rizika i primena
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89/392/EOVS gives the duty to carry out the
analysis of risk and apply methods of the risk
control. At the same time it comes out from the
assumption of knowing the mechanism of forming
the negative phenomena in the system man -
machine - environment, that is judging the safety of
the system as well as the possibility of endangering

[3].
3.1. Risk and its types

The risk is defined as the combination of
probability of forming negative phenomenon and
its consequence [3]. In everyday operation we meet
the acceptable and the residual risk.

The acceptable risk is such a risk which at the
operation of technical systems in production
processes and working activities the interested are
willing to bear under the assumption that there are
taken into the consideration all the operational and
technical conditions. The existing experience and
technical knowledge show that the frequency of the
applicable risk is in limits from 10” to 107 [3].

The residual risk is used in case of technical
devices. The technical devices are not constructed
on the 100 % safety of the operation. That is why
the producer in the directions for service provides
the user with the information on the probability of
forming the negative phenomenon and its
consequence, i.e. on the residual risk. At the same
time there are stated measures that are to be kept
in order to decrease consequences of the residual

risk [3].
3.2. Risk factors and risk control

As the risk factors are considered various technical
or human parameters of objects and activities
influencing the risk. Their expressing can by done
by a concrete number value, these are so called
measurable parameters. At steel ropes we can
range among them for example the:

carrying capacity of steel rope (N),

weight of suspended load (kg),

velocity of movement (m.s!),

D/d ratio,

number of working cycles (n/time datum).

The second group of parameters is created
measurable parameters having an important
influence on the probability and consequences of
forming negative phenomena. In case of steel
ropes we can range among them e.g. the:

qualification of the operating personnel,

82

metoda kontrola rizika. Istovremeno, polazeci
od pretpostavke da sprega covek — masina -
okolina prouzrokuje negativne efekte zna se da
procena stepena bezbednosti podrazumeva i
procenu mogucnosti ugrozavanja okoline [3].

3.1. Vrste rizika

Rizik se definiSe kao verovatnoca nastajanja
negativne pojave i njene posledice [3]. U
svakodnevnom radu nailazimo na prihvatljivi i
propratni rizik.

Prihvatljiv rizik je rizik koji su zainteresovane
strane voljne da snose u toku rada odredenog
tehnickog sistema u okviru proizvodnog
procesa, a prilikom obavljanja radnih aktivnosti,
pod pretpostavkom da su uzeti u obzir svi radni
i tehnicki uslovi. Dosadasnje iskustvo i tehnicka
saznanja pokazuju da se ucestalost prihvatljivog
rizika krece u granicama od 107 do 10" [3].

Propratni rizik je pojam koji se koristi za
tehnicke uredaje. Konstrukcija tehnickih uredaja
ne pruza 100%-tnu bezbednost rada. Zbog toga
proizvoda¢ opreme u uputstvu za upotrebu
navodi verovatnocu nastanka negativnih pojava
i njene posledice, tj. obezbeduje korisniku
informaciju o propratnom riziku. Istovremeno se
navode mere koje trebe primenjivati, kako bi se
posledice propratnog rizika umanjile [3].

3.2. Faktori rizika i kontrola rizika

Pod faktorima rizika podrazumevaju se razni
tehnicki i ljudski parametri koji se odnose na
odredene objekte i aktivnosti koji uticu na rizik.
Oni se mogu izraziti konkretnim broj¢anim
vrednostima, to su takozvani merljivi parametri.
Kod ¢eli¢ne uzadi razlikujemo na primer:

nosivost Celi¢cnog uzeta (N),

tezinu obesenog tereta (kg),

brzinu kretanja (m.s'),

D/d odnos i

broj radnih ciklusa (n/vreme podatak).

Druga grupa parametara znacajno utice na
vreovatnocu i posledice nastanka negativnih
pojava. Kada su u pitanju celicna uzad
razlikujemo parametre, kao $to su, na primer:

obucenost kadra,
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- technical state of the device on which the rope
works,

- quality of control of the steel rope,

- discipline of other persons.

For the risk control it is necessary to know the
importance of certain basic terms, by which are
named the procedures in the risk control activities
complex. Such procedures are [3].

The risk analysis, by which the judged system is
determined and the endangerment and risk is
found out.

The risk verification represents the judgement of
the system safety and adopting the corresponding
measures.

The risk control includes procedures evaluating
the risk as the measure of endangerment during
the carrying out the analysed activity, namely the
probability and consequence of the negative
phenomenon and the possibility of their mutual
combination.

3.3. Causal dependence of forming the damage
of steel wire rope

The application of the risk control method requires
knowing the mechanism of forming the negative
phenomenon within the scope of the system man -
machine - environment. By the analysis of negative
phenomena on devices using steel ropes was
confirmed that there is a casual dependence of
forming the damage, accident or injury. In Table 3
[2] there is given the scheme of the casual
dependence for some operation conditions of the
steel rope’s work.

- stanje tehnicke ispravnosti uredaja koji
koriste celicnu uzad,
- kvalitet kontrole celi¢nog uzeta i

- disciplina osoblja.

Za kontrolu rizika neophodno je uvideti znacaj
odredenih osnovnih propisa kojima su definisane
procedure u okviru delatnosti za kontrolu rizika.
Razlikuju se sledece procedure [3].

Analiza rizika, kojom se definise analizirani
sistem, odreduje se stepen ugrozenosti i rizici.

Verifikacija rizika predstavlja procenu
bezbednosti sistema i usvajanje odgovarajucih
mera.

Kontrola rizika podrazumeva procedure kojima
se procenjuje rizik kao kriterijm ugrozavanja u
procesu obavljanja analizirane aktivnosti. Naime
procenjuje se verovatnoca nastajanja negativnih
pojava, posledice ovih pojava i mogucnost
njihovog medusobnog kombinovanja.

3.3. Stetne pojave kod Ccelicnih uzadi i
uzrocna zavisnost

Primena metode za kontrolu rizika zahteva
poznavanje mehanizama koji dovode do
stvaranja negativnih pojava u okviru sprege

covek — masine - okolina. Analizom negativnih
pojava koje se javljaju na uredajima sa celicnom
uzadi potvrdeno je da postoji uzrocna zavisnost

izmedu Stetnih pojava, nesrecnih slucajeva i
povreda. (U tabeli 3 [2] prikazana je $ema
uzro¢ne zavisnosti za pojedine uslove rada

celicne uzadi.

Table 3 Casual dependence of negative phenomena during the operation of steel wire rope
Tabela 3 Sema uzrocne zavisnosti za pojedine uslove rada celicne uzadi

danger endangerment initiation damage harm
corrosion environment- damaged wires in
humidity the rope breaking the rope,
wear contact rope - decreasing the | fall of the weight,
operation pulley, their various | cross-section, possible injury,
conditions material disruptions of wires | damage of things
dynamic vibration of rope, decreasing the | under the weight
stressing changes of velocity | safety
Knowing the negative phenomena and their Poznavanje negativnih pojava i uticaja koji imaju

influence on steel ropes in the operation enables
the user of the rope to suggest such measures that
prevent forming the negative phenomena or break
the development of the casual dependence. The
most suitable is to achieve such a state already
during first steps of the casual dependence. For the
given possibilities of endangerment in Table 1 the
user must safeguard [2]:
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na celicnu uzad u toku rada omogucava
korisniku da predlozi mere za prevenciju njihovog
nastanka ili da zaustavi dalji razvoj uzrocne
zavisnosti. Najpogodnije je da se pomenuti uslovi
obezbede vec u samom nastanku uzrocne
zavisnosti. Za potencijalne oblike ugrozavanja
koje su prikazane u tabeli 1 korisnik treba da
obezbedi [2]:
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excluding the humidity or forming the
construction conditions for preventing the
corrosion creation,

solving the contact between the rope and the
pulley by using a suitable material in the
groove or decreasing the pressure between the
rope and the pulley,

removing the vibration of the rope and
possibilities of sudden changes of the velocity
of movement of the weight.

3.4. Factors influencing technical risks of
operation of steel wire ropes

Coming out from the analysis of causes of
technical risks of steel wire ropes that decrease the
reliability and safety of their operation, of the most
importance influencing the technical risk are 3
factors:

* actual carrying capacity of the rope,
wear and corrosion of the steel rope,
dynamic stressing of the steel rope.

3.4.1. The actual carrying capacity of the rope
was defined in the 2.2 part. Its relation to the
nominal carrying capacity is represented by the so
called coefficient of the carrying capacity given by
he equation:

where:
N, - actual carrying capacity in N or kN,
N, - nominal carrying capacity in N or kN.

On the basis of experimental determining the
actual carrying capacity of steel ropes of various
constructions, the value of the k, is from 0.72 to
0.95 [6], while the rope’s safety calculated from the
nominal carrying capacity is decreased.

3.4.2. The wear and corrosion of the steel rope
decrease the metallic cross-section as well as the
carrying capacity of the rope [4]. There are
determined maximum values of loss of the metallic
cross-section as well as the carrying capacity, in the
Slovak Republic for the hoisting ropes the maximum
allowed loss of the metallic cross-section is 20 %. By
the wear and corrosion the calculated safety is
henceforth decreased, this fact is expressed by the
coefficient of wear k, [3], for determining the
operation risk of the steel rope was considered in
limits 0.8 — 1.
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zastitu od vlage ili odgovarajuce uslove
koji sprecavaju nastanak korozije,
resavanje problema kontakta izmedu uzeta
i koturace oblaganjem zljeba
odgovarajucim materijalima ili smanjenjem
pritiska izmedu uzeta i koturace i
onemogucavanje vibracija uzeta i naglih
promena brzine kretanja tereta.

3.4. Faktori koji uticu na pojavu tehnickih
rizika u procesu upotrebe celicne uzadi

Na osnovu analize uzroka tehnickih rizika
prilikom koriscenja celi¢cne uzadi koji uticu na
smanjenje pouzdanost i bezbednost rada doslo
se do zakljucka da na tehnicki rizik najvise
uticu sledeca 3 faktora:

¢ stvarna nosivost celi¢nog uzeta,
habanje i korozija celi¢cnog uzeta i
dinamicko naprezanje celicnog uzeta.

3.4.1. Stvarna nosivost celicnog uzeta
definisana je u odeljku 2.2. Odnos stvarne i
nominalne nosivosti predstavljen je takozvanim
koeficijentom  nosivosti  koji  je iskazan
jednac¢inom:

k

a

NH
N, '

gde je:
N, - stvarna nosivost izrazena u N ili KN i
N, — nominalna nosivost izrazena u N ili KIN.

Stvarna nosivost celicne uzadi na nekoliko
objekata utvrdena je eksperimentalno i njena
vrednost k, krece se od 0.72 do 0.95 [6], dok
se bezbednost uzeta izracunava na osnovu
umanjene nominalne nosivosti.

3.4.2. Habanje i korozija celicnog uZela
umanjuju poprecni presek metalnog dela uzeta

i njegovu nosivosti. [4]. Utvrdene su
maksimalne vrednosti za gubitak poprecnog
preseka metalnog dela i za nosivost. U
Slovac¢koj  Republici  za  izvoznu  uzad

maksimalno dozvoljeni gubitak u poprecnom
preseku metalnog dela iznosi 20%. Za habanje
i koroziju izracunati stepen sigurnosti je
umanjen, pomenuta cinjenica izrazena je
koeficijentom habanja k,, [3], a za odredivanje
rizika pri radu celicne uzadi razmatra se u
okviru granica 0.8 do 1.



J. Boroska, D. Marasova, STEEL WIRE ROPES. ..

T&L -01/01

3.4.3 The dynamic stressing of the steel rope
can be evaluated by the coefficient of dynamic
stressing which is calculated from the equation [5]:

k _ Fstmax + AFmax 8
4= = 8
stmax
where:
Famax - Maximum static force acting on the steel
rope in N,
AF .. - maximum amplitude from the maximum

actual static force in N.

The value of forces needed to the calculation was
acquired by experimental measurements on
hoisting devices at Kosice and Rud any for

3.4.3. Dinamicko naprezanje celicnog uzeta moze
se definisati pomocu koeficijenta  dinamickog
naprezanja koji se obracunava na osnovu formule [5]:

k _ Fstmax + AFmax (8)
d =~ F s
stmax
gde je:
Fanae — mMaksimalna staticka sila koja deluje na
celicno uze, izrazeno u N i
AF,.., — maksimalno odsupanje od stvarne staticke

sile, izrazeno u N.

Vrednost sila za potrebe obracuna dobijene su
vrsenjem eksperimentalnih merenja na izvoznom
postrojenju u Kosicama i Rudnjanima i to za razne

various regimes of movement of the rope, its rezime kretanja uzeta. Pomenute vrednosti
values are given in Table 4 [5]. prikazane su u tabeli 4 [5].
Table 4 Coefficient of dynamic stressing of the rope
Tabela 4 Koeficijent dinamickih sila za uzad
i : RE AR regime of movement of
Hoisting device Direction of movement the TV Ky
accelerating period 1,23
down stopping period 2,16
Shaft Vychod sudden breaking 3,86
Kosice accelerating period 1,22
up even stopping period 1,77
sudden breaking 3,59
i accelérating Period 1,25
stopping period 1,45
Shaft Pora¢ - accelerating period 1,24
Rud any g stopping period 1,46
TV at rest caging cars 1,06
L uncaging cars 1,08
TV - transport vessel
The value of the coefficient of dynamic stressing of ~ Vrednost  koeficijenta  dinamickog naprezanja

steel rope is in rather wide limits (1.06 - 3.86). It
depends especially on the change of the velocity of
movement of rope, on the frequency of the
longitudinal vibration of the rope owing to change
of loading and on the direction of movement.
From the point of view of technical risk in the
operation of steel ropes the biggest danger is in
sudden stopping the movement of the steel rope.

4. ACTUAL SAFETY OF STEEL ROPES

Described risk factors decrease the safety and
reliability of operation of steel ropes. On the basis
of regarding these three decisive risk factors the
actual safety of a rope in operation will be:

bk, k,

b,
1 k

9

d

celicnog uzeta krece se u relativno sirokom opsegu
(1.06 - 3.86). Pomenuta vrednost posebno zavisi
od promene brzine kretanja uzeta, od ucestalosti
uzduznih vibracija uzeta usled promena koje
nastaju pri utovaru i od smera kretanja. Sa tacke
gledista potencijalnog tehnickog rizika najveca
opasnost nastaje prilikom naglog zaustavljanja
kretanje celicnog uzeta.

4. STVARNA BEZBEDNOST CELICNOG UZETA

Opisani faktori rizika umanjuju bezbednost i
pouzdanost rada sa celichom uzadi. Analizirajuci
ova tri presudna faktora moze se ustanoviti da je
stvarna bezbednost celi¢nog uzeta u radu:

bk, k,

: )
‘ k

d
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In this equation are parameters from previous
formulas. The value of actual safety for various
combinations and values of actual carrying
capacity, wear and corrosion, as well as dynamic
stressing are given in Table 5. The calculated safety
is related to the nominal carrying capacity of steel
ropes.

U ovoj jednacini javljaju se parametri iz prethodnih
formula. Vrednost stvarnog stepena bezbednosti za
nekoliko kombinacija i vrednosti stvarne nosivosti,
habanja i korozije, kao i dinamickog naprezanja
date su u tabeli 5. Izracunati stepen bezbednosti
odnosi se na nominalnu nosivost Celicnog uzeta.

Table 5. Change of actual safety of rope during the operation by influenced by risk factors

Influencing factors Falonldied solety

2 4 6 8 10 12
0,70 1,4 2,8 4,2 9.6 7410) 8,4
0,75 1.5 3,0 4,5 6,0 7.0 9,0
actual carrying capacity 0,80 1,6 3,2 4,8 6,4 8,0 9,6
k, 0,85 1.7 3,4 5,1 6,8 8,5 10,2
0,90 1,8 3,6 5,4 7,2 9,0 10,8
0,95 1,9 3,8 5,7 7,6 9,5 11,4
Wear at 0,80 0,29 0,58 0,87 1,16 1,45 1,74
k, = 0,70 0,85 0,31 0,62 0,93 1,24 155 1,86
ky = 3,86 0,90 0,33 0,66 0,99 1182 1,65 1,98
0,95 0,35 0,70 1,05 1,40 1.5 2,10
1,22 0,92 1,84 2,76 3,68 4,60 9,92
coefficient of dynamic 1,50 0,75 1,50 2,25 3,00 35 4,50
stressing 2,0 0,56 1,12 1,68 2,24 2,80 3,36
(ky) at 2,5 0,45 0,90 1,35 1,80 2,25 2,70
k, = 0,70 3,0 0,37 0,74 1Ga| 1,48 1:85 2,22
ky = 0,80 3,9 0,32 0,64 0,96 1,28 1,60 1,92
3,86 0,29 0,58 0,87 1,16 1,35 1,74

In the Table given actual safety confirms tat its  Stvarni stepen bezbednosti prikazan u tabeli

decreasing occurs at cumulating risk factors. Out
of them as the most important is to be considered
the acting of dynamic forces, the biggest values of
them occur, however, randomly.

5. CONCLUSIONS

Coming out from the existing knowledge and
especially from the value of actual safety of steel
ropes calculated according to equation (9) that
considers decisive risk factors it is possible to do
the following conclusions:

the value of decrease of calculated actual
safety at the operation risk of steel rope
depends on the value of initial safety,

the most dangerous factor increasing the
technical risk of operation of steel ropes is
their stressing by dynamic forces,

the actual carrying capacity and wear with the
corrosion affect the technical risk of operation
of ropes practically by the same measure and
their acting especially at higher initial safety (4
and more) is practically negligible,

for ropes with low initial safety (2 - 5) already
the decrease of safety by 30 - 50 % represents
the technical risk,
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potvrduje da sa njegovim opadanjem rastu i faktori
rizika. Vrsne dinamicke sile treba smatrati
najznacajnijim faktorom rizika, iako se najvece
vrednosti ovih sila javljaju samo povremeno.

5 ZAKLJUCCI

Na osnovu postojecih saznanja, a narocito na osnovu
vrednosti stvarnog stepena bezbednosti, koji je za
Celicnu uzad izracunat na osnovu jednacine (9) za
presudne faktore rizika, moguce je izvesti sledece
zakljucke:

smanjenje stvarnog stepena bezbednosti rada

Celicne uzadi zavisi od pocetnog stepena
bezbednosti,
- faktor koji maksimalno povecava stepen

tehnic¢kog rizika rada celicne uzadi je naprezanje
usled dinamickih sila,

stvarna nosivost i habanje sa korozijom uticu na
stepen tehnickog rizika rada uzadi, prakti¢no, u
istoj meri, dok je njihovo delovanje kod pocetnog
stepena bezbednosti prakticno zanemarljivo,
narocito ako je pocetna bezbednost povecana (4
i vise),

za uzad sa manjim pocetnim stepenom
bezbednosti (2 - 5) samo smanjenje stepena
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- for the rope with higher initial safety (6 and
more) its decrease by 50 - 80 % is to be
considered as technical risk.

The contribution was worked out within the
scope of solving the grant project No 1/6247/99
"Integrated systems of control of quality of steel

bezbednosti od 30 - 50 % predstavlja tehnicki
ruzik,

- za wuzad sa vecim stepenom pocetne
bezbednosti (6 i vise) tek smanjenje od 50 - 80
% predstavlja tehnicki rizik.

Doprinos je dat u okviru izrade projekta No
1/6247/99 “Integrisani sistemi kontrole kvaliteta
matematickih i

ropes by mathematical and experimental celicne uzadi  primenom
methods™. eksperimentalnih metoda”
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