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Abstract: Steel ropes from the point of view of quality have ro fulfil the requirements of STN 024301 [6]
norm. These requirements concern mechanical properties of steel wires which are ascertained by the
tensile tests of wires, tests of wires in bending and torsion tests. Here belong also tests of tolerances of
wires® and the whole rope’s diameters, the galvanized and liniment quality and other properties.

The fulfiling of these requirements is the basis of judging the using of the steel rope. But many other factors
influence the quality of the steel rope. One of the important factors is the homogeneity of observed wires’
properties, which can be evaulated by several methods. In the contribution we are aimed at the analysis of
the infuence of the non-even wires® strength, which is particularly the reasons of permitted tolerances of
steel wires® diameters [2].

Resume: Ocelové land z hladiska kvality musia spliat poziadavky normy STN 024301 [6]. PoZiadavky sa
tykajui mechanickych viastnosti ocelovych drétov, ktoré sa zistuju skuskami na tah, ohyb a kmitanie a tiez
tolerancii priemerov drotov i celého lana, kvality pozinkovania a mazania pripadne i dalsich viastnosti.
Splnenie tychto poziadaviek je zdkladom posiudenia pouZivania ocelového lana v prevddzke. Na kvalitu
ocelového lana vplyvajii ale mnohé dalsie cinitele, jednym z rozhodujucich je homogenita sledovanych
viastnosti drétov, ktoré je moziné hodnotit' viacerymi metédami. V prispevku sa zameriame na rozbor
vplyvu nerovnomernej pevnosti drétov, ktory je najmd  dosledkom dovolenych tolerancii priemerov
ocelovych drétov [2].

1. PARAMETERS OF THE EVALUATED STEEL 1. PARAMETRE HODNOTENYCH

ROPES OCELOVYCH LAN
The selection of steel ropes for the evaluation was  Vyber ocelovych lan pre hodnotenie bol ndhodny, pre
casual. For the simplification of the calculation was  zjednodu$enie vypocétov bolo vybrané lano klasickej
chosen the rope of the classical construction, which  konStrukcie, ktord md rovnaky priemer vSetkych
has got the same diameter of all wires of the steel rope.  drotov lana. Porovadvané boli land troch riznych
Ropes of three different producers having following  vyrobcov, majice tieto zdakladné parametre:
basic parameters were compared.:

Konstrukcia lana: 6 (14641 )+v
Construction of rope: O(1+0+1)+v Pocet drotov v lane 114
Number of wires in a rope: 114 Pocet drotov v prameni: 19
Number of wires in a strand: 19 menovity priemer lana: 25 mm
Nominal diameter of rope: 25 mm Menovity priemer drotov: 1,6 mm
Nominal diameter of wires: 1,6 mm Menovita pevnost drotov: 1570 Mpa

Nominal wires’ strength: 1570 Mpa
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Nominal wire's cross-section: 2,0106 mm?
Nominal rope’s cross-section: 229,17mm?
Nominal carrying capacity of rope: 239,8 kN

Wires of the ropes were verified according to STN
0243 01.1, their carrying capacity was ascertained and
real diameter was measured. The results of the tests

2,0106 mm?*
229,17 mm?
359,80 kN

Menovity prierez drotu:
Menovity prierez lana:
menovita nosnost lana:

Dréty lan boli skusané podla STN 024301.1,
zistovana bola ich nosnost a merany skutocny
priemer. V tabulke ¢islo 1 si uvedené vysledky

are given in table I and they are related to the above  skisok, tykajice sa najmid vySSie uvddzanych
mentioned parameters[2]. parametrov [2].
Table 1 Selected values of the tests of wires of the steel ropes from diferent producers
Tabulka 1 Vybrané hodnoty skiisok drétov ocelovych lan roznych vyrobcov

Parameter Rope

1 2 3

Including carrying capacity 395,02kN 384,96 kN 385,055 kN
Average wires” carrying capacity 3465 N 3377 N 3378 N
Nominal wires” carrying capacity 3156 N 3156 N 3156 N
Average wires” strength 1723,7 MPa 167898 MPa 1680,2 MPa
Number of wires with diameter:
1,58 mm 9 (79%) 12 (10,5 %)
1,59 mm 36 (31,6 %) 7 (6,1 %) 9 (7.9%)
1,60 mm 37 (32,5 %) 85 (74,6 %) 78 (68,4%)
1,61 mm 20 (17,5 %) 17 (14,9 %) 14 (12,3%)
1,62 mm 12 (10,5%) S (4,4%) I (09%)

Cross-section of wires with diameter:

1,58 17,6463 mm’ = 23.5284 mnt’
1,59 71,4816 mm® 13,8992 mnt 17.8704 mm”
1,60 74,3922 mm” 170,901 156.8268 mm’
1,61 40,716 mm° 34,6086 mm” 28,5012 mni°
1,62 25,9344 mm™ | 16,306 mm® | 2,0612 mm
Real cross-section of rope 230,17 mm’ 229,71 mm’ 228,788 mm’
% of nominal cross-section 100,44 % 100,24 % 99,83 %

% of wires of nominal cross-section 32,46 % 74,56 % 68,42 %
Carrying capacity of rope from real cross-section 361,40 kN 360,60 kN 359,20 mm’
Average carrying capacity of wires from real cross-section 3170,2 N 3163,6 N 31509 N

2. THE CARRYING CAPACITY AND THE
WIRES  STRENGTH OF THE STEEL ROPE

From rable 1 it can be ascertained that the wires
diameter of the evaluated ropes ranges from /,58 to
1,62 mm. This result is within admissible tolerance +
0,02 mm [ 6 ], so all wires fulfil the requirements of
the norm. In table I there is given the average carrying
capacity of all wires of the steel rope. Table 2 [2]
contains the average wires carrying capacity
according to the real diameter. It also introduces the
percentage share of this carrying capacity with taking
into account the average wires” carrying capacity of
the whole rope.
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2. NOSNOST A PEVNOST DROTOV LANA

Z tabulky 1 je mozné zistit, Ze priemer drotov
hodnotenych lan sa pohybuje od 1,58 do 1.62 mm. Je
to v sulade s pripustnou toleranciou = 0,02 mm [6],
¢ize vsetky droty vyhoveli poziadavkam normy. V
tabulke 1 je uvedena priemernda nosnost vsetkych
drétov lana, priemerni nosnost drotov podla
skutoéného priemeru prinada tabulka ¢islo 2 [2],.
Okrem nej tabul'ka uvadza tiez percentudlny podiel
tejto nosnosti vzhl'adom na priemernt nosnost’ drétov
celého lana.
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Table 2 The average carrving capacity of wires of different diameters

Tabulka 2. Priemernd nosnost’ drotov roznych priemerov

Wire’s diameter Rope

[mm] 1 2 3

. N To N Go N Yo

1,58 3165 91.3 - - 3260 90,5
1,59 3340 96,4 3371 99,8 3348 99,1
1,60 3525 101,7 3373 99,9 3382 100,1
1,61 3589 103,06 3447 1021 3475 102,9
1,62 3671 105,9 3405 1026 3488 103,3

The wires™ strength is closely connected with the S nosnostou uzko suvisi pevnost drotov, ktort

carrying capacity, the strength is reached as the portion
of carrying capacity and a cross-section of wire. The
size of real strength of individual wires™ diameters of
evaluated ropes and its percentage share to nominal
strength /570 MPa are given in Table 3 [2].

Table 3 The strength of wires of different diameters
Tabulka 3. Pevnost drotov rozinych priemerov

ziskame ako podiel nosnosti a prierezu drotu. Velkost
skuto¢nej pevnosti jednotlivych priecmerov  drotov
hodnotenych 1dn a jej percentudlny podiel k menovitej

pevnosti 1570 MPa st uvedené v tabul'ke ¢islo 3 [2].

Wire’s diameter Rope -
[mm] 1 2 o 3
[MPa] % [MPa] T [MPa] Je

1,58 1014,2 102,8 - - 1662,7 105,9
1,59 1082, 1 107,1 1697.7 108,1 1686, 1 1074
1,60 17532 1117 1677,0 1068 1682,1 1071
1,01 17639 1123 1693,2 107,8 1706,9 1087
1,62 17810 1134 16811 07,1 1692,2 107.8

Average value of rope 723,7 109.7 16798 107,0 1680,2 107,0

From the point of view of carrying capacity in rable 2 it
can be stated that the carrying capacity is higher with the
increasing diameter of wires. The second side of problem
is the difference between the minimal and maximal value
of carrying capacity, which is manifested also in
evaluation of the wires™ strength in Table 3.The ropes
with lower dispersion of these values have got more
homogeneous wires. It is very important property [3] for
the rope’s quality and mainly for its service life. The rope
of the producer number 2 (14,6 and 10.6%) has got from
the evaluated ropes the lowest dispersion of carrying
capacity and strength.The real strength of wires except the
rope number | is not directly proportional to the wires’
diameter.

3. THE WEIGHTING OF THE STEEL ROPE
AND ITS WIRES

Steel ropes while using are weighted by the intensity,
which size is limited by the required safety of rope. Its is
dependent on the using of rope and it is determined be
adequate norms or safety regulations [//. The intensity
having an effect on the rope is distributed on the
individual wires. Their size is calculated as tollows [1.2]:
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7 hladiska nosnosti v tabulke ¢islo 2 je mozné
konstatovat, ze s rasticim  priemerom drotov ich
nosnost’ stupa. Druhou strankou problému je rozdiel
medzi minimdlnou a maximdlnou hodnotou nosnosti,
ktory sa prejavuje tiez pri hodnoteni pevnosti drotov v
tabul'ke ¢islo 3. Lana s mensim rozptylom tychto
hodnot maju droty homogenejsie, ¢o je pre kvalitu
lana a najmu jeho zivotnost’ vel'mi vyznamna vlastnost’
[3]. 7Z hodnotenych lan ma najnizsi rozptyl nosnosti a
pevnosti lano  vyrobcu ¢islo 2 (14,6 a 10,6%).
Skutoc¢na pevnost’ drotov pritom az na lano ¢islo | nie

je priemerom drotov priamo amernd.

3. ZATAZENIE OCELOVEHO LANA A
JEHO DROTOV

Ocelové land v prevadzke s zatazované silou, ktorej
vel'kost' je obmedzend pozadovanou bezpecnostou
lana. bezpe¢nost’ lana zavisi od pouzitia lana a je dand
prislusnymi normami alebo bezpecnostnymi predpismi
[1]. Sila pdsobiaca na lano sa rozkladd na jednotlivé
droty, ich vel'kost vypocitame nasledovne [1,2]:
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Weighting intensity of rope: ZataZovacia sila lana

Nll‘l Nl}l
F=-—"[N] (1) F=—"%IN] (D

b b
Weighting of 1 wire of rope: Zat'aZenie na I drét lana

F F
F,=—,[N] (2) F, =—,[N] (2)

n n
The tension, which origins from this weighting can be ~ Zo zatazenia jedného drotu moézeme nasledne

calculated from the weighting of / wire:
F, ,
R = S! S (N.mm™] (3)

Where:

N,, - nominal carrying capacity of steel rope in N,

b - safety of steel rope,
n - number of wires in the steel rope,
S - cross-section of wire in mm?2

The originated tension in the wires will be different
because the wires of rope haven't got the same
diameter and also the cross-section. It is indicated by
the results of calculations for the evaluated ropes,
which has been worked out for the size of safety 4 a 6.
They are given in table 4.

vypocitat’ napitie, ktoré¢ v tiom od tohto zataZenia
vznikne:

o= 5, [N.mm] (3)
S

V tychto vztahoch jednotlivé oznacenia predstavujii:

N,, - menovitd nosnost’ ocel'ového lana v N,
b - bezpecnost' ocelového lana,

n - pocet drétov v ocelovom lane.

S - prierez drétu v mm?®.

Ked'ze droty lana nemaju rovnaky priemer a tym i
prierez, bude tiez vzniklé napitie v drotoch rozne.
Ukazuju to vysledky vypoctov pre hodnotené lana,
ktoré boli vykonané pre vel'kost bezpe€nosti 4 a 6 a su
v tabul’ke ¢islo 4.

Table 4 The tension in the wires of steel rope at its different safety
Tabulka 4. Napdtie v drétoch ocelového lana pri jeho roznej bezpecnosti

Rope
Parameter b 0 1 2 3
Carrying capacity of 4 359,800 395,020 384,960 385,055
rope in kN 6
Weighting of rope in kN 4 89,95 98,75 96,24 96,26
6 59,96 65,84 64,16 64,18
Weighting of wire in 4 789,04 866,27 844,21 844,42
N 6 525,96 577,54 562,81 562,88
Average tension in v 4 392,50 429,03 418,96 420,74
N.mm™ 0 261,59 285,95 279,31 280,51
Tension in wires in
N.mm” with diameter:
1,58 402,43 441,82 - 430,67
1,59 4 397,38 436,28 425,17 425,27
1,60 392,50 430,85 419,88 419,98
1,61 387,58 42551 414,68 414,78
1,62 382,81 420,27 409,57 409,67
Tension in wires in
N.mm™ with diameter:
1,58 268,25 294,56 - 287,13
1,59 264,89 290,86 283,44 283,53
1,60 261,59 287,25 279,92 280,00
1,61 6 258,35 283,69 276,46 276,54
1,62 255,17 280,20 273,05 273,13

0 - The rope with parameters according to STN 024322
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In the following table 5 the tension in the wires is
introduced in the percentages. The tension average for
individual ropes (R/) and the tension corresponding to
the diameter of wires /, 60 mm (R2) of the rope with
the parameters according to STN 024322 rope 0 were
considered to be the basis.

V nasledujucej tabulke ¢islo 5 je napdtie v drotoch
uvadzané v percentdch, pricom ako zdklad bolo
uvazované napdtie priemerné pre jednotlivé land (R,) a
napitie zodpovedajice priemeru drotov 1,60 mm (R,)
lana s parametrami podl'a STN 024322 lano O).

Table 5 Percentage statement of the tension in the wires of the rope

Tabulka 3. Percentudlne vyjadrenie napdtia v drétoch lana

Diameter of of Rope

wire b 0 1 2 3

(mm) R, R, R, R, R; R, R; R

1,58 4 102,5 1025 103.0 | 1126 - - 102,4 109,7
6 1025 1025 | 1030 | 1126 - - 1024 109,8

1,59 4 1012 101,2 101,7 | 1112 101,5 | 1083 1011 1083
6 101,3 101,3 1017 | 11172 101,5 108,3 1011 108,4

1,60 4 100,0 100,0 | 1004 1098 | 100,21 107,0 99.8 107,0
6 100,0 | 100,0 | 1004 109.8 00,2 107.0 99,8 107,0

1,61 4 98,7 98,7 992 1084 99,0 1056 98,6 105,06
6 98,8 98,8 992 108,4 99,0 105,7 98,6 105,6

1,62 4 97.5 97.5 97.9 1071 97,7 1043 97.4 104,4
6 97.5 97.5 97,9 107,1 97,7 104.4 97,4 104,06

From the parameters in the Table number 5 can be
seen, that with the taking into account the adequate
tension in the wires of judging ropes the percentage
values of the real tensions are at the approximately
same level in the case of the of the
diameter.

wires same

The tension decreases with the increasing diameter of

wires and 4-5%. On the
contrary the tension R, in the dependence on the
diameter of wires has got the tendencies of the
increasing of the diameter. Judging the tensions among
the same diameters of wires of the cvaluated ropes,
they are different, but comparing them with the tension
of the rope with the parameters according to STN they
are about 7-10 % higher.

its difference ranges in

4. CONCLUSION

From the carried out analysis of the results of the tests
concentrated on the mechanical properties of the wires
of steel ropes from different producers it can be stated:

- all producers respect the allowed tolerance of

the wires™ diameter,

- number of wires of nominal diameter 1,6 mm
is at all producers the highest,

- at the producers 2 and 3 the wires of the
nominal diameter show the major number, at
the producer | the theory only 1/3 of all wires
of the rope,

- the carrying capacity of the wires of the rope
is directly proportional to their real diameter,

7 udajov v tabulke ¢islo S je vidiet, Ze vzhl'adom
na primerané napitie v drotoch posudzovanych
lan st percentudine hodnoty skuto¢nych napéti na

priblizne rovnakej urovni, v pripade drotov
rovnakého priemeru.
So zvdcSujucim sa priemerom drotov napdtie

klesd a jeho rozdiel sa pohybuje v rozmedzi
4-5 % naproti tomu napitie R, ma v zavislosti na
priemere drétov opdt tendencie s rastom
priemeru.  pri  posudzovani  napdti  medzi
rovnakymi priemermi drotov hodnotenych ldn su
tieto rOzne, ale oproti napdtiu lana s parametrami
lana podla STN o 7-10 % vyS§3ie.

4. ZAVER

Z  vykonaného rozboru vysledkov  skuaSok
mechanickych vlastnosti drotov ocelovych lan
roznych vyrobcov je mozné konstatovat':

- vSetci vyrobcovia dodrzali
toleranciu priemeru drotov,

- pocet drotov menovitého priemeru 1,6 mm
je u vsetkych vyrobcov najvacsi,

- u vyrobcov 2 a 3 predstavuji droty
menovitého priemeru vidc¢Sinovy. pocet, u
vyrobcu 1 tedria len 1/3 vSetkych drotov
lana,

- nosnost drotov lana je priamo umerna ich
skuto¢nému priemeru,

povolent




J. Boroska, D. Marasova, NON-EVEN WEIGHTING OF THE WIRES OF STEEL ROPES...

T&L - 02/02

wires” strenght of the evaluated ropes
comparing with the nominal strength is at all
diameters higher, but it is not dependent on
the real diameter,

the weighting of the rope showing at all ropes
the same size of safety, the originated tension
is not directly proportional to the real
diameter of the wires of the rope,

the main reason of the different tension in the
wires of the rope is their different diameter,
the carrying capacity is the inferior factor
influencing the size of the originated tensions,
from the point of view of homogeneity of the
wires® strength it is possible to evaluate
positively the ropes, having the higher portion
of wires of the same real diameter.

Homogeneity of the steel ropes’ properties is the
matter of their producer, who has got the opportunity
to choose the wires in the way, that the deviations of
size, strength and the others should be minimal. In this
tendency the producers have got large sizes and this
fact is confirmed by the evaluated ropes, too. Exactly

the homogeneous properties are the first-rate
assumption on the good rope’s quality and

consequently the acquisition of its good service life.

The contribution was written during the solving of the
grant project number 1/0247/99 " Integrated systems
of of the steel qualiry
mathematical and experimental methods and the
suggestion of the criteria for their postponing with

directing ropes’ by

taking into account the construction and the way of

'

tiring while using them.'

pevnost drotov hodnotenych lan v porovnani s
menovitou pevnostou je u vsetkych priemerov
vy$§ia, nezavisi ale od skuto¢ného priemeru,

pri zatazeni lana predstavujucom u vsetkych
lan rovnaku velkost' bezpec¢nosti vznikajuce
napdtie je nepriamo umernda skuto¢nému
priemeru drotov lana,

hlavnou pri¢inou rézneho napitia v drdtoch
lana je ich rézny priemer, nosnost” drotov je
druhoradym ¢initefom  ovplyviujucim
vel'kost vznikajtcich napiti.

z hladiska homogenity pevnosti drotov je
mozné pozitivne hodnotit’ land, majice vacsi
podiel  drotov  rovnakého  skuto¢ného
priemeru.

Homogenita vlastnosti ocelovych lan je vecou ich
vyrobcu, ktory ma moznost' vyberat dréty tak, aby
rozmerové pevnostné a iné odchylky parametrov boli
minimalne. V tomto smere maji vyrobcovia velké
rozmery a tento poznatok niam potvrdzuji i hodnotené
land. Prave homogénne vlastnosti st prvoradym
predpokladom dobrej kvality lana a ndsledne
dosiahnutia jeho dobrej zivotnosti.

Clanok vznikol v ramci riesenia grantového projektu
¢ 1/6247/99 "Integrované systémy riadenia kvality
ocelovych lan matematickymi a  experimentdlnymi
metodami a navelh kritérii pre ich odkladanie s
ohladom na konstrukciu a sposob  namdhania v
prevddzke".

Wire Industry, 1997, pp. 519-521.
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