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Abstract: We investigate the mechanical properties of wires of steel ropes by tests in accordance with rule
in operation and valid regulation. There are specified values of minimal and maximum capacity or
strenghts and values of minimal bendings and torsion in them. Minimal values of bendings and torsion are
rated wire strenght, diameter and surface treatment dependent. It is suitable to use the calculation of
irregularity coefficient of steel wires strenght for quality assessment of steel ropes which put into practice
soviet authors Zitkov and Pospechov. Statistical methods make possible to review the quality of steel ropes
from the test results of their wires on capacity, bending and torsion. In the paper we evaluate and
compare the quality of two steel ropes with triangular strands, we appear from protocols about their tests..
in the accredited testing station of steel ropes of our workstation. ;

Key words: steel rope, quality, test, mechanical property, irregularity coefficient of wires strenght,
statistical methods

Apstrakt: Ispitujemo mehanicke osobine Zica celicne uZadi putem testova, a u skladu sa normama u radu i
vazecim propisima. Tu se nalaze odredene vrednosti minimalnog i maksimalnog kapaciteta ili jacine kao i
vrednosti minimalnih savijanja i uvrtanja w njima. Minimalne vrednosti savijanja i uvrtanja su
klasifikovane u zavisnosti od cvrstoce, precnika Zice i njenog povrSinskog tretiranja. Pogodno je koristiti
obracun koeficijenta nepravilnosti ¢vrstoce Celicnih Zica u cilju procene kvaliteta Celicne uZadi, koji su
primenili sovjetski autori Zitkov i Pospecov. Statisticke metode omogucéavaju ocenu kvaliteta celicne uZadi
iz rezultata ispitivanja njihovih Zica u pogledu kapaciteta, savijanja i uvrtanja. U ovom radu
proc 1jujemo i uporedujemo kvalitet dva Celicna uzeta trouglastih strukova, prikazujemo postupke
testiranja u akreditovanoj stanici za ispitivanje celicne uzadi u nasoj radnoj stanici.

Kljucne redi: celicno uZe, kvalitet, ispitivanje, mehanicka osobina, koeficijent neravnomernosti ¢vrstoce
Zica, statisticke metode

1 INTRODUCTION

The quality of steel ropes is one of the basic
requirement for their users. The lifetime depends
to its quality and properties and it affects the
economic effectiveness of steel rope operation.
The qu.lity of steel rope depends on the quality
of wires, of which the ropes are producted.

1 UVOD

Kvalitet Celi¢ne uzadi je jedan od osnovnih
uslova koje postavljaju njihovi korisnici. Vek
trajanja zavisi od njihovog kvaliteta i osobina i
on uti¢e na ekonomsku efikasnost rada
Celicnog uzeta. Kvalitet celi¢nog uZeta zavisi
od kvaliteta zica, od kojih su uZad izradena.
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The quality of steel wires is influenced by technology =~ Na kvalitet celi¢nih Zica utiCe tehnologija
of wire production. Limitations of rope wires which  proizvodnje Zica. NajceS¢a ograniCenja Zica u
are the most often and which have subsequently uzadi a koja zatim uti¢u na kvalitet Celicnog

influence on the quality of steel rope are [1]: uzeta su sledeca [1]:

a) Wires have great strenght dispersion, a) Zice imaju veliko rasipanje snage,

b) Wires have great oscillation of values of b) Zice imaju veliko osciliranje u
mechanical properties longwise of wire vrednostima mehanic¢kih osobina duz
in particular coils, zice odredenim koturima,

c) Steel ropes which have multi sorts of ¢) Celi¢na uzad za koja postoji vise vrsta
wires of various diameter have particular zica sa razlicitim precnicima imaju
diameters of wires various values of odredene prec¢nike sa zicama razliCitih
mechanical properties, vrednosti mehanickih osobina,

d) The count of bendings and torsion of d) Broj savijanja i uvrtanja Zica opada
wires tones down by abseiling of wires pri spustanju Zica i ovaj broj dostize
and this count is reaching only the samo  osnovni  broj  propisane
fundamental number of prescribed value. vrednosti.

Height and arrangement of wires and strands Visina i raspored Zica i savijenih strukova,
bending, diameter and sort of rope liner and its pre¢nik i vrsta uZeta i njegovo usukivanje
mortification influence on the quality of steel uticu takode i na kvalitet Celi¢nog uZeta. Na
rope, too. From these factors we are focusing to  osnovu ovih faktora u ovom radu se
the problem of wires of steel ropes strenght and  usredredujemo na problem jacine Zica Celi¢ne
their mechanical properties in the paper. We uzZadi i njihovih  mehani¢kih  osobina.
compa:: two steel ropes of choice quality and Uporedi¢emo dva Celi¢na uZeta po izboru, istog
same construction from the same produces, kvaliteta i istog sastava iz istog asortimana,

which are meeting demands of relevant norm and ~ koji  ispunjavaju  zahteve  odgovarajucih
regulations, they were suitable for operating standarda i propisa, a koji su pogodni za
utilization on the part of quality requirement. koris¢enje u radu u pogledu kvaliteta.
2 TECHNICAL PARAMETERS OF 2 TEHNICKI PARAMETRI

JUDGED ROPES POSMATRANE UZADI

Judged ropes, marked with fount A and B, are Posmatrana uZad, obeleZena sa A i B, su uzZad sa
ropes with triangular strands which are made by  trouglastim strukovima koji su napravljeni po
the standard STN 02 4362 [10]. Their basic standardu STN 02 4362 [10]. Njihovi osnovni

technicul parameters are: tehnicki parametri su sledeci:

- rope construction / grada uzeta 6(34+9+12+18)+v
- nominal diameter of rope / nominalni pre¢nik uzeta 50 mm
- nominal cross-section of rope / nominalni presek uZeta . 1036,68 mm’
- nominal capacity of wires / nominalni kapacitet Zica 1770 MPa
- nominal capacity of rope / nominalni kapacitet uZeta 1835 kN
- wires diameter of the firstlayer of strands / pre¢nik Zica u prvom sloju strukova 1,90 mm
- number of wires of the first layer of strands / broj Zica prvog sloja strukova 54
- wires diameter of the second layer of strands / pre¢nik Zica u drugom sloju strukova 2,50 mm
- number of wires of the second layer of strands / broj Zica drugog sloja strukova 72
- wires diameter of the third layer of strands / pre¢nik Zica treceg sloja strukova 2,50 mm
- number of wires of the third layer of strands / broj Zica treceg sloja strukova 108
- total number of rope wires / ukupan broj Zica u uzZetu 234
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3 PROCEDURE OF ASSESSMENT

The quality of steel ropes assessed by two methods,
namely by comparison of the size of irregularity
coefficient of wire strenght of steel ropes, which is
calculated from the values of wire strenght which
are obtained by their test for pull, and calculation of
some statistical quantities for wires bendings. All of
needed quantities and their values were obtained
from the test protocols of both judged ropes. The
irregularity coefficient of strenght has been
computed for total rope, particular rope strand and
also for both diameters of steel wires. Statistical
quantities of the bendings have been computed for
particular rope wires diameters and for the wires of
particular layers, too.

4 ASSESSMENT OF IRREGULARITY
COEFFICIENT OF WIRES STRENGHT

Irregularity coefficient of wires strength K is
expressed as a percentage, we count its size by
relation of authors Zitkov and Pospechov [7]:

Kdzz'(Pstr_Pmin)'ni.100’[(70]. ()
Pslr'n

where: K; — irregularity coefficient of wires

strength in %,

P, — arithmetic average of strength of all
wires of steel rope in MPa,

P.in— arithmetic average of strength of
rope wires, of which size is less than
P in MPa,

n — number of all wires of steel rope,

n;— number of rope wires with the

strength less than Py,

This relation is valid for the calculation of Kg of
rope strands and wires of various diameters with
the relevant inputs.

On the basis of the size of computed Kg, from the
qualitative aspect it is possible to class the steel
ropes by three qualitative groups, by those the
user can receive specific image about their
assumed lifetime [7]:

L group - Ks < 2 — quality groups with
assumption to achieve very good
lifetime,
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3POSTUPAK PROCENJIVANJA

Kvalitet ¢eli¢ne uzadi se procenjuje putem dve
metode;  naime,  uporedivanjem  veliine
koeficijenta nepravilnosti jacine Zice u Celi¢noj
uzadi, a koji se izracunava na osnovu vrednosti
jacine Zice koja se dobija njihovim ispitivanjem
na vucu, i izraCunavanjem nekih statistickih
veli¢ina savijanja Zica. Sve potrebne koliéine i
njihove vrednosti dobijaju se iz protokola
ispitivanja oba posmatrana uzeta. Koeficijent
neravnomernosti jacine izracunava se za celo uze,
odredeni struk uZeta a takode za oba pre¢nika
celiCnih Zica. Statisticke koliCine savijanja se
izraCunavaju za odredene pre¢nike Zica u uZetu i
Zica u odredenim slojevima.

4 PROCENJIVANJE KOEFICIJENTA
NERAVNOMERNOSTI JACINE ZICA

Koeficijent neravnomernosti jaCine zica Kjg
izraZava se u procentima, a njegov obim se meri
putem izraza autora Zitkova i Pospecova [7]:

2. - o
K(Y Pt (Pslr Pmm) nj 1005 [(7(,] (l)
Py, -n

gde je: K; — koeficijent neravnomernosti
jacine zica u %,
P, — aritmeticka sredina jacine svih
Zica Celi¢nog uZeta u MPa,
Poin — aritmeticka sredina jacine Zica u
uzetu, ¢ija je velic¢ina manja
od P, u MPa,
n — broj svih zica u ¢elicnom uZetu,
n;— broj Zica u uzetu jaCine manje
od Py

Ovaj izraz primenjuje se na izracunavanje Kg
strukova uzeta i Zzica razlic¢itih precnika sa
odgovaraju¢im ulaznim podacima.

Na osnovu veliCine izracunatog K sa
kvalitativnog aspekta, moguce je razvrstati
celicnu uzad u tri kvalitativne grupe, prema
kojima korisnik moze dobiti odredenu sliku o
njihovom pretpostavljenom veku trajanja [7]:

I grupa - Ks < 2 — kvalitetne grupe uz
pretpostavku da ¢e dosti¢i veoma dug
vek trajanja,
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I group - Kg > 2 < 3 — ropes of average
quality which have assumption for
achievement of good lifetime,

1. group - K5 - > 3 — ropes of low quality

with assumption of shorter lifetime

achievement.

Calculated values of Kz have been processed to
charts or to tables and it was for calculated and
judged mathematic-statistical values, too.

5 CALCULATION OF MATHEMATIC-
STATISTICAL VALUES

The calculation has been realized individualy for
each of wires diameters, of which are steel ropes
produc=d. It has been calculated and judged these
values of both ropes [3]:

Mean value of wires bendings of the same
diameter of complete rope,

Mean value of wires bendings of the same
diameter of particular strands,

Mean value of wires bendings on layers of
complete rope and particular strands,
Minimal and maximal number of wire
bendings of the same diameter of
complete rope,

Minimal and maximal number of wires
vendings of the same diameter of
particular strands,

Minimal and maximal number of wires
bendings on layers of complete rope and
particular strands,

Deviations of mean values of the number
of wires bendings of the same diameter of
complete rope from standard values,
Deviation of mean values of the number
of wires bendings of the same diameter of
the particular strands from standard
values,

Deviation of mean values of the number
of wires bendings of the same diameter of
the particular layers from standard values,
Deviation of minimal number of wires
bendings of the same diameter from
standard value of the complete rope,
Deviation of minimal number of wires
bendings of the same diameter from
standard value for particular strands,
Deviation of minimal number of wires
bendings of the same diameter from
standard value for particular layers,
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II. grupa - Kg > 2 < 3 — uZad prosecnog
kvaliteta za koje se pretpostavlja da ce
dosti¢i dug vek trajanja,

1. grupa - Kg - > 3 — uzad loSeg kvaliteta sa

pretpostavkom da ¢e imati kraéi vek
trajanja.

IzraCunate vrednosti K su prenete u grafikone ili
tabele i za njih su takode izraunate i procenjene
matematicko-statisticke vrednosti.

5 IZRA(VZUN/}VANJE MATEMATICKO-
STATISTICKIH VREDNOSTI

IzraCunavanje je izvrSeno posebno za svaki od
prec¢nika Zica, od kojih su izradena Celi¢na uZad.
Izracunate su i procenjene slede¢e vrednosti za
oba uzeta [3]:

Srednja vrednost savijanja Zica istog
precnika celog uZeta,

Srednja vrednost savijanja Zica istog
pre¢nika pojedina¢nih strukova,

- Srednja vrednost savijanja Zica na
slojevima celog uZeta i pojedinacnih
strukova,

Minimalni i maksimalni broj savijanja
Zica istog precnika u celom uZetu,
Minimalni i maksimalni broj savijanja
7ica istog  pre¢nika  pojedinaCnih
strukova,

Minimalni i maksimalni broj savijanja
Zica istog pre¢nika na slojevima celog
uzeta i pojedinacnih strukova,
Odstupanje  srednjih  vrednosti  od
standardnih vrednosti broja savijanja Zica
istog prec¢nika u celom uZetu,

Odstupanje  srednjih  vrednosti  od
standardnih vrednosti broja savijanja Zica
istog  preénika  kod  pojedinacnih
strukova,

Odstupanje  srednjih  vrednosti  od
standardnih vrednosti broja savijanja Zica
istog pre¢nika kod pojedinacnih slojeva,
Ostupanje od standardne vrednosti
minimalnog broja savijanja Zica istog
pre¢nika kod celog uZeta,

Ostupanje od standardne  vrednosti
minimalnog broja savijanja Zica istog
pre¢nika kod pojedinacnih strukova,
Ostupanje od standardne vrednosti
minimalnog broja savijanja Zica istog
pre¢nika kod pojedinacnih slojeva,
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- Deviation of maximal number of wire
vendings of the same diameter from
standard value of the complete rope,

- Deviation of maximal number of wire
bendings of the same diameter from
standard value for particular strands,

- Deviation of maximal number of wire
bendings of the same diameter from
standard value for particular layers.

The mean values of the number of bendings have

been computed by relation:

(2)

(¢]

str =

where: o - sum of wires bendings for which the
mean value is computed,
n - number of wires for which the mean
value is computed.

6 RESULTS AND THEIR ASSESSMENT
Results assessment has been realized from
several  aspects. We  compared mutual
dependences among the size K; of complete
ropes, weir strands and particular layers, mutual
dependences among mean values of the number

of bendings by wire diameter in the ropes,
particular strands and particular layers of strands.

6.1 Irregularity coefficient of wire strength of
steel ropes

There are column graphs of the size K; by aforesaid
division in the Fig. 1 and Fig. 2. Horizontal linear
lines are limits for the insertion of ropes, strands or
layers into the qualitative groups.

The size of irregularity coefficient of wires strength for
complete ropes is in both cases greater than 3, the ropes
are inferior quality with assumption of short lifetime
achievement. This statement holds for the third layer of
both rope, too and this layer is formed from wires about
diameter 2,50 mm. Wires of the same diameter in the
second layer of ropes have very great difference of the
size K, the second layer of the B rope falls into the L
qualitative group, the second layer of the A rope is in
the III. qualitative group, the second layer of the A rope
is in the IIL. qualitative group with the greatest value of
Kz The wires of the first layer of both judged ropes
with th. wire diameter 1,90 mm fall into the L
qualitative group on the basis of the size K5 < 2. The B
rope has less size K; in all cases.
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- Odstupanje od standardne vrednosti
maksimalnog broja savijanja Zica istog
pre¢nika kod celog uzeta,

- Odstupanje od standardne vrednosti
maksimalnog broja savijanja Zica istog
precnika kod pojedinac¢nih strukova,

- Odstupanje od standardne vrednosti
maksimalnog broja savijanja Zica istog
pre¢nika kod pojedinac¢nih slojeva.

Srednje vrednosti broj savijanja izraCunate su
pomocu izraza:

(2)

Ogstr =

gde je: o - zbir savijanja Zica za koje se
izracunava srednja vrednost,
n - broj zica za koje se izraCunava
srednja vrednost.

6 REZULTATI I NJIHOVA ANALIZA

Analiza rezultata je izvrSena sa nekoliko
aspekata. Uporedili smo medusobne zavisnosti
izmedu velicine K; celog uzeta, njegovih
strukova 1 pojedinac¢nih slojeva, medusobnu
zavisnost izmedu srednjih vrednosti broja
savijanja po pre¢niku Zice u uZetu, pojedina¢nim
strukovima i pojedina¢nim slojevima strukova.

6.1 Koeficijent neravnomernosti jacine Zica
kod celi¢ne uzadi

Postoje  stubasti  grafikoni veli¢ine Kg; prema
prethodno pomenutoj podeli na Slici 1 1 2.
Horizontalne linije predstavljaju podrucja ubacivanja
uzadi, strukova ili slojeva u kvalitativne grupe.

Velicina koeficijenta neravnomernosti jacine Zica
kod cele uzadi u oba slucaja je veca od 3, uzad su
slabijeg kvaliteta, uz pretpostavku da ¢e imati
kraci vek trajanja. Ovaj iskaz vazi za treci sloj
oba uZeta, a ovaj sloj je sastavljen od Zica
pre¢nika od oko 2,50 mm. Zice istog preénika u
drugom sloju uzadi imaju veoma veliku razliku u
veli¢ini K, gde drugi sloj uzeta B spada u 1.
Kvalitativhu grupu, drugi sloj A uzeta je u 3.
kvalitativnoj grupi, sa najve¢om vrednoscu Ks.
Zice prvog sloja oba procenjena uZeta, sa
pre¢nikom Zice od 190 mm spada u 1.
Kvalitativhu grupu na osnovu veli¢ine K; < 2.
UZze B ima manju vrednost K; u svim
slucajevima.
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Figure 1 K; for particular layers of ropes and complete ropes
slika 1 K; za pojedinacne slojeve uZadi i celog uZeta
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Figure 2 K; for particular diameters of wires and strands of ropes
slika 2 K; za pojedinacne precnike Zica i strukove uzZadi

It is possible to perform this statement also by
comparison of the sizes Kg for particular strands
of both ropes. All strands have the size Kg> 3,
fall into the III. qualitative group, like the wires
of both ropes about diameter 2,50 mm. The wires
about diameter 1,90 mm, representative the first
layer of ropes, have coefficient K5 < 2, fall into
the 1. qualitative group.

6.2 Mathematic-statistical values of both wires

Computed values which were designated in the 5.
chapter, will be evaluated step by step. There are
mean values of wires bendings of complete ropes
by diameters and the mean values of wires
bendings by rope strands and wires diameter in
the Fig.'3:
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Prethodni  iskaz je  moguce realizovati
poredenjem vrednosti Ks kod pojedinacnih
strukova oba uZeta. Svi strukovi imaju vrednost
K¢> 3, ispadaju u 3. Kvalitetnu grupu, kao Zice
oba uzeta pre¢nika oko 2,50 mm. Zice preénika
oko 1,90 mm, predstavljaju prvi sloj uzadi, imaju
koeficijent K5 < 2, i spadaju u 1. Kvalitativnu

grupu.
6.3 Matematicko-statisti¢ke vrednosti obe Zice

Izradunate vrednosti koje su navedene u 5.
poglavlju bic¢e proucene korak po korak. Na
slici 3. su prikazane srednje vrednosti savijanja
7ica kod cele uzadi po preéniku, i srednje
vrednosti savijanja Zica po strukovima uZeta i
pre¢nicima.

S bt i e na

N N
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F igurekj Mean values of wires bendings of complete ropes and particular strands by wires diameters
slika. 3 Srednje vrednosti savijanja Zica kod cele uzadi i pojedinacnih strukova po precnicima Zica

By comparison of mean values of wires bendings
about diameter 1,90mm and 2,50 mm of complete
ropes and particular strands, the wires about
diameter 1,90 mm have higher values of bending.
The difference among their size for ropes and
strands is minimal, we can state similar fact also in
the case of wires about diameter 2,50mm. The
wires about diameter 1,90 mm in the fifth strand
have or'y greater deviation and it is 2,33 bendings.

The other assessment of the mean values of wires

Poredenjem srednjih vrednosti savijanja Zica
prec¢nika oko 1,90mm i 2,50 mm kod cele uzadi i
pojedinacnih strukova, zice pre¢nika oko 1,90
mm imaju vece vrednosti savijanja. Razlika u
veli¢ini uZadi i strukova je minimalna, a sli¢no
moZemo potvrditi u sluc¢aju Zica pre¢nika oko
2,50mm. Zice pre¢nika oko 1,90 mm u petom
struku imaju samo vece odstupanje i ono iznosi
2,33 savijanja.

Druga procena srednjih vrednosti savijanja Zica

bendings has been performed by layers, je izvriena po slojevima, a izra¢unate vrednosti
computed values are in the Figure 4. prikazane su na slici 4.
14,00 & A rope
B rope
12,00 -
g’ 10,00 -
E 8,00 -
t
% 6,00 -
s /
§ 4,00 /
2,00 - /
0,00 ,
1st layer 2nd layer 3rd layer

Figure 4 Mean values of wires bendings of complete ropes by layers
slika 4 Srednje vrednosti savijanja Zica kod cele uZadi po slojevima
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u
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~

differences. The wires of B rope in the first and third male razlike. Zice uzeta B u prvom i trecem

layer ha e greater value, the second layer has greater
number of mean wires bendings in the case of A

cele
i

predstavljaju minimalne
savijanja

strukova a medu slojevima oba uZeta postoje
minimalni

Na slikama 5 i 6 prikazani su stubasti grafikoni
minimalni i maksimalni broj savijanja cele uZadi

i

sloju imaju ve¢u vrednost, drugi sloj ima veci
srednji broj savijanja Zica u slucaju uZeta A,

Veli¢ina srednjih vrednosti savijanja Zica po

slojevima
strukova posmatrane u

iako imaju isti pre

treceg sloja.
koji
brojeve

.50 mm

, however they have the same diameter 2

as the wires of the third layer.
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The size of mean values of wires bendings by layers
of complete ropes correspondes to the size by strands
6, they present minimal and maximum numbers of
bendings in the layers of the both ropes, minimal
and maximum numbers of bendings of complete
ropes and minimal and maximum numbers of

There are column graphs in the Figure 5 and Figure
bendings in strands of judged ropes.

and among layers of both ropes are minimum

rope
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re 5 Minimal numbers of bendings of complete ropes in layers and in strands

g8 ERRRRRRRRNNN 124 Pre
55 )W v e
D T - SRR T =

(-) sBuipuaq jo Jaquinu [ewiuly () sbuipuaq Jo Jaquinu winwixey
o A




V. Molndr, J.Boroska, POSSIBILITIES OF STEEL ROPES QUALITY ASSURANCE ...

T&L - 17/09

The higher number of minimal wires bendings of
both ropes about diameter 1,90 mm is given by the
way of testing, both diameter of wires were convex
on roller of the same diameter. In the case of the
layers and complete rope the A rope has higher
number of minimal bendings to the exclusion of the
third layer, where is the same number of minimal
bendings. The situation is different by the equations
of the minimal number of bendings among the
strands of ropes by wires diameter. The wires of both
judged ropes about diameter 2,50 mm have the same
number of bendings in five strands, the rope B in the
sixth strands has less number of bendings.
Patchworky situation is by comparison of wires with
diameter 1,90 mm — 2 strands have the same count of
minimal bendings in the A and B rope, 2 strands of
the A rope have higher minimal numbers of
bendings of this diameter and 2 strands of the A rope
have less minimal number of bendings.

Maximum count of wires bendings is higher again in
wires about diameter 1,90 mm, the A rope has higher
count of bendings. The wires about diameter 2,50
mm have the same number of bendings by
comparison of complete ropes and in the 3. layer,
too. Maximum values of wires bendings of both
strands are more different in strands of rope,
whereby the wires about diameter 2,50mm are again
more homogeneous, they have the same number of
bendings in three strands for both ropes. Maximum
numbers of wires bendings about diameter 1,90 mm
in particular strands are divided as follows:

- One strand has the same count of
bendings in the case of both ropes,

- Two strands of the A rope have higher
number of bendings in comparison with
strands of the B rope,

- Three strands of the B rope have higher
number of bendings in comparison with
strands of the A rope.

The standard STN 024301 [11] determines minimal
number of bendings which have wires by bendings
test. This number is depending on rated strenght of
tested wires and their diameter. There is the radius of
testing rollers in the standard. This standard sets 9
minimal numbers of bendings for the wires about
diameter 1,90 mm and 5 bendings for the wires
about diameter 2,50mm. Minimal and maximum
numbers of wires bendings of complete ropes, wires
in layers and wires in strands were compared with
these values, and it was by calculation of deviations
from standard values. Obtained results are in the
Figure 7 and Figure 8 and in the Table 1 and Table 2.

Putem testiranja dat je veci broj minimalnih
savijanja Zica kod oba uZeta prec¢nika oko 1,90
mm, gde su oba prec¢nika Zica bila ispuplena
na cilindru istog pre¢nika. U slucaju slojeva i
celog uzeta, uze A ima vec¢i broj minimalnih
savijanja, uz izuzetak tre¢eg sloja, gde je isti
broj minimalnih savijanja. Situacija je
drugacija kod izjednacenja minimalnog broja
savijanja izmedu strukova uzadi po pre¢niku
Zica. Zice oba posmatrana uZeta pre¢nika oko
2,50 mm imaju isti broj savijanja u pet
strukova, a uze B u Sestom struku ima manji
broj savijanja. Do improvizovane situacije
dolazi poredenjem zica precnika 1,90 mm — 2
struka imaju isti broj minimalnih savijanja u
uzetu A i B, 2 struka uzeta A imaju vedi
minimalni broj savijanja ovog pre¢nika a 2
struka uzZeta A imaju manji minimalni broj
savijanja.

Maksimalni broj savijanja Zica je ponovo veci
kod Zica prec¢nika oko 1,90 mm, uZe A ima
ve¢i broj savijanja. Zice pre¢nika oko 2,50
mm imaju isti broj savijanja u poredenju sa
celom uzadi a takode i u 3. sloju. Maksimalne
vrednosti savijanja Zica oba struka se viSe
razlikuju u strukovima uzZeta, gde su Zice,
pre¢nika oko 2,50 mm, homogenije, imaju isti
broj savijanja u tri struka kod oba uZeta.
Maksimalni brojevi savijanja Zica precnika
1,90 mm u pojedina¢nim strukovima dele se
na sledeci nacin:

- Jedan struk ima isti broj savijanja u
slucaju oba uzeta,

- Dva struka uzeta A imaju veéi broj
savijanja u poredenju sa strukovima
uzeta B,

- Tri struka uZeta B imaju veci broj
savijanja u poredenju sa strukovima
uzeta A.

Standard STN 024301 [11] odreduje broj savijanja
koja imaju Zice prema testu savijanja. Ovaj broj
zavisi od izmerene jaCine ispitivanih Zica i
njihovog pre¢nika. U standardu je pomenut i
poluprecnik testnih cilindara. Ovaj standard
postavlja 9 minimalnih brojeva savijanja kod Zica
pre¢nika 1,90 mm i 5 savijanja za Zice precnika
oko 2,50mm. Minimalni i maksimalni broj
savijanja zica u celoj uzadi, Zica u slojevima i Zica
u strukovima uporedeni su sa ovim vrednostima, i
to izraCunavanjem odstupanja od standardnih
vrednosti. Dobijeni rezultati prikazani su na
slikama 71 8 1 u Tabelama 11 2.
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Figure 7 Deviations of mean value of bendings from standardized numbers of bendings

slika 7 Odstupanja srednje vrednosti savijanja od standardnog broja savijanja
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Figure 8 Deviation of minimal number of bendings from standardized numbers of bendings

lika 8 Odstupanje minimalnog broja savijanja od standardizovanog broja savijanja

Table 1 Deviation of maximum number of bendings from standardized numbers of bendings in layers

and in complete rope :
Tabela 1 Odstupanje maksimalnog broja savijanja od standardnog broja savijanja u slojevima

i celom uzetu

£

£

S

o o |\

Q

o

o

—_

S

£

(=N

e S B84 (-8

(5]

o

o

—

bl

(5]

=4

« oo

E

o

b

o

=4

= Vel iVe)

-

=

~

—_

2

P B

-

g€ &

us

g

mﬁm <|m
|l O

) o

Mbd%o

e N ==

n..Opm

S = o

=T

< L2 =

- —

S E S

2 =8

[=NE—Ea

e e LR

52



V. Molndr J.Boroska, POSSIBILITIES OF STEEL ROPES QUALITY ASSURANCE ...

T&L - 17/09

Table 2 Deviation of maximum number of bendings from standardized counts of bendings
Tabela 2 Odstupanje maksimalnog broja savijanja od standardne vrednosti savijanja

Deviation of
maximum lsl lsl 2nd 2nd 3rd 3rd 4lh 4\h Slh Slh 6lh 6lh
number of strand | strand | strand | strand | strand | strand | strand | strand | strand | strand | strand | strand
bendings 1,9 2,5 1,9 L 1,9 2,5 1,9 2.5 1,9 D 1,9 25
form mm mm mm mm mm mm mm mm mm mm mm mm
standardized
rope A 7 5 7 5 D 6 6 6 6 6 13 6
rope B U S 6 5 7 6 8 6 9 5 7 6

The size of mean value of bendings deviation from
standardized number of bendings ranges from 3 to
6 bendings. Except for one case of the wire about
diameter 2,50 in the 2.strand, the deviations are
higher by wires about diameter 1,90 mm. By
comparison of ropes from 17 suspense values the
rope A has 9x less deviation, the rope B 7x and
once is the same size of deviation.

Minimal deviation of wires bendings from
standardized numbers of bendings of B rope in
wires about diameter 1,90 mm is the same in
three cases. Deviation of 2 wires bendings about

“various c.ameter in both ropes is eight times. In 4

cases the deviation of the A rope is higher in
compare with the B rope, from this number it is
three times in wires about diameter 2,50mm.
Wires about diameter 1,90 mm of two strands of
the B rope have higher value of minimal number
of bendings deviation from standardized
bendings in compare with the A rope.

The size of maximum deviation of numbers of
bendings of the A and B rope from standardized
is the same in 8 cases from 17 judged values, of
this seven times in wires about diameter 2,50mm.
The A rope has six times higher values of the
maximum deviation of wires bendings, this is
four times in wires about diameter 1,90 mm. The
B rope has higher value of maximum deviation
three times, all in wires about diameter 1,90 mm.

7 CONCLUSION

The irregularity coefficient of wires strength of
steel rope has in all cases less values in B rope, in
this aspect it is possible to consider this rope for
more perfectly. At the same time the size of Kj is
only in 5 cases less than 2 from sum total 24 of
computed values. This value is the assumption
for achievement of very good lifetime. Other 19
values of irregularity coefficient of wires strength
have value > 3, which entails the assumption of

53

Veli¢ina srednje vrednosti odstupanja savijanjaod
standardnog broja krece se od 3 do 6 savijanja.
Osim u jednom slucaju Zice prec¢nika oko 2,50 u
2. struku, odstupanja su veca po Zicama precnika
oko 1,90 mm. Poredenjem wuzadi od 17
privremenih vrednosti, uze A ima 9 puta manje
odstupanje, uze B 7 puta a jedanput ima isto
odstupanje.

Minimalno odstupanje savijanja Zica od
standaridnog broj savijanja uZeta B u Zicama
prec¢nika oko 1,90 mm isto je u sva tri slucaja.
Odstupanje u savijanjima 2 Zice razli€itih
precnika u oba uZeta iznosi osam puta. U 4
slucaja odstupanje uzeta A, u poredenju sa
uzetom B, vece je od ovog broja tri puta u
Zicama preénika oko 2,50mm. Zice preénika
oko 1,90 mm dva struka uzZeta B imaju vecu
vrednost minimalnog broja odstupanja u
savijanjima od standardnih savijanja u
poredenju sa uzetom A.

Veli¢ina maksimalnog odstupanja u broju
savijanja kod uzeta A i B od standardnog ista je
za 8 od procenjenih 17 slucajeva, od toga 7 puta
u Zicama pre¢nika oko 2,50mm. UZe A ima 6
puta vec¢e vrednosti maksimalnog odstupanja u
savijanjima Zica, to jest, Cetiri puta u Zicama
precnika oko 1,90 mm. UZe B ima tri puta vecu
vrednost maksimalnog odstupanja, sve to u
Zicama precnika od oko 1,90 mm.

7 ZAKLJUCAK

Koeficijent neravnomernosti jaline Zica u
Celicnom uZetu ima u svim slu¢ajevima manje
vrednosti u uZetu B, i u ovom aspektu mogucée je
bliZze posmatrati ovo uze. U isto vreme veli¢ina
K5 je samo u 5 slu¢ajeva manja od 2 od ukupne
24 izraCunate vrednosti. Ova vrednost predstavlja
pretpostavku veoma dugog veka trajanja. Drugih
19 vrednosti koeficijenta neravnomernosti jacine
Zica imaju vrednost > 3, §to ima za posledicu
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the inferior lifetime of steel rope. To this
commutes for very insufficient homogeneity of
wires strength and by that to origin of different
tensions by their load with the same force [1].

It is not possible to draw the clear conclusion by
quality of steel ropes assessment which are marked
A and B on the basis of comparison of their
bendings. Computed and judged statistic values are
for these ropes alternately higher, or lower. But
every wizs of both ropes reach minimal number of
bendings which are specified in standard, so they
are suitable for application in operation.

In the paper presented results corroborate the
facts, that it is not real to reach the same quality
of ropes in the same producer. Different quality is
consequence of the unsteadiness of mechanical
properties of steel rope wire which is caused by
their production with breach of technologic
process and with the next wires selection with at
least approximately the same mechanical
properties for every producted rope.

pretpostavku kraceg veka trajanja CeliCnog uZeta.
Ovome doprinosi veoma nedovoljna ravnomernost
jacine zica a to dovodi do nastanka razliCitih vrsta
zategnutosti usled opterecenja istom silom [1].

Nije moguce izvuci jasan zakljucak po kvalitetu
procene Celi¢ne uzadi koja su obeleZena sa A i B
na osnovu poredenja njihovih  savijanja.
IzraCunate i ocenjene statisticke vrednosti za ovu
uzad su naizmeni¢no viSe i nize. Ali svaka Zica
oba uZeta dostize minimalni broj savijanja koja
su navedena u standardu, tako da su pogodne za
primenu u radu.

Rezultati  prikazani u radu potkrepljuju
Cinjenice da nije realno posti¢i isti kvalitet
uzadi kod istog proizvodaca. Razlicit kvalitet je
posledica neujednacenosti mehanickih osobina
Zica u ceinom uzetu S§to je prouzrokovano
njihovom izradom uz proboj tehnoloskog
procesa i uz izbor sledeceg seta Zica sa makar
priblizno istim mehani¢ckim osobinama za
svako proizvedeno uZe.
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