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1. UVOD

V normach STN jednotlivych
konstrukcii ocelovych lan si uvedené
menovit¢  hodnoty  ich  viacerych
charakteristickych veli¢in, medzi nimi tiez
menovity priemer drotov lana. Norma STN
024301 Ocelové lana. Technické dodacie
predpisy [7], v tabulke 1 uvadza dovolené
medzné odchylky priemeru drétu, ktoré sa
pohybuju v hraniciach + 0.010 az + 0,060
mm. Vyrobcovia drotov nedokazu vyrobit
z technologickych dovodov droty
rovnakého  priemeru, ¢o  nasledne
ovplyviluje skuto¢ny prierez drotu i celého
lana, ich nosnost’ a predovsetkym napiitie,

1. INTRODUCTION

There are shown rating values for the
various characteristic parameters of steel
ropes in the STN standards for steel rope
structures. The nominal diameter of rope
wires is one of them. The standard STN
024301 Steel ropes, Technical delivery
rules [7], in the table 1 shows allowed
marginal divergences for the wire diameter
that are in the interval + 0.010to + 0,060
mm. The wires producers are not able to
produce wires with the same diameter due
to the technological reasons and it affects
the real wire cross-section as well as the
whole rope,
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vznikajlce v drotoch od osového zat'azenia
lana [2].

Ked predpokladame rovnaku velkost
zatazovacej sily na kazdy z drotov lana,
potom pri predpokladanom nerovnakom
priemere drotov vznikd v nich rdzne
napétie. Dochadza k nerovnomernému
tahovému namahaniu drétov v zavislosti
na ich skutoénom priemere ato je tiez
jeden z faktorov, negativne ovplyviujicich
zivotnost’ ocel'ovych lan [5].

V nasledujucich ¢astiach ¢lanku sa
budeme zaoberat’ rozborom situacie troch
ocelovych lan réznych vyrobcov klasickej
konstrukcie s po¢tom 114 drétov, majacich
rovnaky menovity priemer.

2. PARAMETRE HODNOTENYCH
OCELOVYCH LAN

Landa 3 vyrobcov zroznych Statov
zodpovedaji  svojou konStrukciou nasej
norme STN 02 4322. Je to klasicka Sest’
pramenna konstrukcia S tymito
parametrami [6] :

their capacity and stress from the axis
loading of a rope [2].

If we suppose the same value of the
onerous force for every rope wire then by
the expected unequal wires diameter the
various stress is developed in them. An
irregular tensile loading is developed
according to their real diameter and it is
one of the factors that negatively influence
the steel rope lifetime [5].

We will deal with the analysis of the
situation for the three steel ropes from
different producers with classical structure
that consists of 114 wires with the same
nominal diameter in the next parts of the

paper.

2. THE STRUCTURE OF THE
COMPARED STEEL ROPES

The ropes from producers, coming
from different countries, respond by their
structure to our standard STN 02 4322. It is
the classical six strands structure with the
following parameters [6]:

Tabulka 1 Parametre lana Sest pramennej konstrukcie
Table 1 Parameters for rope of sixstrands structure

konstrukcia lana rope structure 6(1+6+12)+v
menovity priemer lana rope nominal diameter 25 mm
menovity priemer drotov wires nominal diameter 1,6 mm
menovity prierez lana rope nominal cross-section 229,17 mm’
menovity prierez drétov wires nominal cross-section 2,0106 mm®
pocet pramenov number of strands 6
pocet drotov v prameni number of wires in a strand 19

oCet drotov v lane number of wires in the rope 114
povrch drétov wires surface holé / uncovered
menovita pevnost’ drotov wires nominal hardness 1570 MPa
menovita nosnost’ lana rope nominal capacity 359,80 kN

The cross-section for tested and
compared steel ropes is shown in the fig. 1.

Prierez hodnotenych a porovnavanych
ocelovych lan je na obr. 1 .

3. TESTED AND
PARAMETERS

3. HODNOTENE A POROVNAVANE COMPARED

VELICINY

Necessary input data were acquired

Potrebné vstupné udaje boli ziskané :
from the test reports. The real diameters

z protokolov o skuskach. Z nich sme pre
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Obr. 1 Prierez lana STN 02 4322
Fig. I The rope cross-section STN (02 4322

hodnotenie skutoéného napitia,
vznikajuceho osovym zat'azenim
ocelového lana, potrebovali skutocné
priemery anosnost drotov. Skuto¢né
priemery boli zistené meranim
mikrometrom s presnostou na 0,01 mm,
nosnost’” drotov s presnostou na 10 N bola
ziskana ich skusSkami na t'ah.

Skuto¢ny priemer drotov
v hodnotenych  lanach sa  pohyboval
v intervale 1,58-1,62 mm, norma STN 02
4301 povoluje odchylku od menovitého
priemeru £ 0,03 mm([7]. Droty vsetkych 3
lan teda tuto poziadavku splnili.

V tabul'ke 2 je uvedeny pocet drétov
skuto¢ného priemeru v pramenioch lana
1 lana ako celku.

and wires capacity were used from the data
for the purpose of real stress testing due to
the axis steel rope loading. The real
diameters were acquired by the micrometer
with the accuracy for 0,01 mm. The wires
capacity with the accuracy for 10 N was
acquired by their tensile tests.

The real wires diameter in the tested
ropes was in the interval 1,58-1,62 mm, the
standard STN 02 4301 allows the
divergence from the nominal diameter +
0,03 mm([7]. Wires for all the three ropes
were in the limit.

There is shown number of wires with
the real diameter in rope strands as well as
the whole rope in the table 2.

Tabulka 2 Pocet drétov skutocného priemeru v pramerioch a v lane
Table 2 Number of wires with real diameter in strands and in the rope

Lano Skuto¢ny priemer Pramei. ¢ Celé lano
drotov 1 2 3 - S 6
1,58 3 2 0 i 2 1 9
559 3 4 - 5 8 12 36
1 1,60 5 9 10 10 2 1 37
1,61 7 3 2 2 3 3 20
1,62 1 1 3 1 4 2 12
1,58 0 0 0 0 0 0 0
1,59 1 1 0 2 2 1 7
2 1,60 13 16 16 12 13 14 84
1,61 4 2 3 0 4 4 17
1,62 1 0 0 S 0 0 6
1,58 2 2 2 1 2 2 11
1559 1 3 0 2 1 2 9
3 1,60 13 12 13 13 13 13 77
1,61 3 2 1 3 3 1 16
1,62 0 0 0 0 0 0 1
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Pre vypocet skuto¢ného napitia
v drotoch ocelovych lan je potrebné
poznat  dalSie pomocné vychodzie
veli¢iny. Takymito su:

a) skuto¢ny prierez drotov a lana,

b) zataZenie ocel'ového lana osovou
silou,

¢) zatazenie jedného drotu lana,

d) nosnost, resp. pevnost  drotu
(menovita a skuto¢na).

Skuto¢ny prierez drotov a lana bol
vypocitany zo skuto¢ného priemeru drétov.
Pre priemery drotov uvedené v tabulke 2
tento prierez je :

1,58 mm - 1,9607 mm?
1,59 mm - 1,9856 mm’
1,60mm - 2,0106 mm?
1,61l mm - 2,0358 mm’
1,62mm - 2,0612 mm?

Z tychto prierezov apoctu drotov
skutotného priemeru bol vypocitany
skuto¢ny prierez lan, ktory u jednotlivych
vzoriek je :

TN A 230,17 mm?
- A 229,71 mm?2
g S 228,79 mm?

Pri ur€ovani  zat'azenia ocel'ového
lana osovou silou F,x sme vychadzali
z predpokladu, Ze bezpecnost lana ma
hodnotu b = 6. Pre vypocet bezpecnosti
plati vztah [1] :

v ktorom :

N - menovitd nosnost’ ocel’. lana  [kN],

Fmax - maximalne statické zat'aZenie
ocel'ového lana [kN].

Zo vztahu (1) vypocitame F

There is necessary to know the other
auxiliary initial parameters for the real
stress calculation in the steel ropes wires.
There are as followed:

a) the real cross-section of wires and the
rope,

b) steel rope loading with the axis force,

¢) one rope wire loading,

d) wire capacity or wire hardness
(nominal and real).

The real cross-section of wires and the
rope - was calculated from the wire real
diameter. According to the table 2 the
cross-section for the wire diameters is the
following:

1,58 mm - 1,9607 mm’
1,59 mm - 1,9856 mm’
1,60 mm - 2,0106 mm’
1,6l mm - 2,0358 mm®
1,62mm - 2,0612 mm?

The real rope cross-section was
calculated from the cross-sections and
from number of wires with the real
diameter. It is for particular samples as
followed:

tope-L...iii.l. 230,17 mm®
oDy 2.0 L8 229,71 mm2
e g 228,79 mm’

For calculation of the steel rope
loading with the axis force Fp.,, we
assumed that the rope safety value b = 6.
The following formula is valid for safety
calculation [1]:

(1

in which :

Np, - the nominal steel rope capacity [kN],

Fmax - the maximal static steel rope |
oading [kN].

Fmax can be calculated from the
formula (1):
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Po dosadeni

F

max

Dal3ou veli¢inou potrebnou k vypoétu
napédtia  vznikajiceho v jednotlivych
drotoch je zatazenie jedného drotu lana.
Ziskame ho ako podiel zat'azenia celého
lana osovou silo Fy,.x a poc¢tu drotov v lane:

359,80

:EM[N]

[kN]

(2)

After substitution

= 59,96 [kN]

The next parameter that is necessary
for stress calculation in particular wires is
one rope wire loading. It can be acquired
as the ratio between the whole rope loading
with the axis force F.x and the number of
wires in a rope:

3
L1114 )
kde where
F| - zatazenie pripadajice na 1 drot F, - the loading for 1 wire of the
lana [N], rope [N],
Fnax - maximalne statické zat'azenie Fmax - the maximal static steel rope
ocel'ového lana [N], loading [N],
114 - pocet drotov hodnotenych lan. 114 - number of wires from tested
ropes.
99
F= i A 526,00 [N]
Menovita nosnost’ drétu predstavuje The nominal wire  capacity is

podiel menovitej nosnosti lana a poctu
drotov lana, moézeme ju tiez ziskat’ ako
su¢in menovite] pevnosti drotu a jeho
menovitého prierezu. Menovita nosnost’
drotu je pre vSetky 3 hodnotené lana
rovnaka a to:

kde
N23m - menovita nosnost’ jedného
drétu lana [N],
114 - pocet drétov lana.

represented as ratio between the nominal
rope capacity and the number of rope
wires. It can be calculated as conjunction
of the nominal wire hardness and its
nominal cross-section. The nominal wire
capacity is the same for all the three tested
ropes and its value is:

[N] (4

where
Ni23m - the nominal capacity of one
rope wire [N],
114 - number of wires in the rope.
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Po dosadent : After substitution :
359800
- =3156 [N
wRiadt Ad g N
Skuto¢na nosnost’ drotov bola zistena The real wires capacity was

ich skaskou na tah, v tejto ¢asti uvedieme
priemernit skuto¢nii nosnost’ drotov pre
kazdé hodnotené lano. Bola vypocitana
z vypocitanej nosnosti lana (Ny), ziskanej
ako sucet skuto¢nych nosnosti vsetkych
drétov lana. Vypocitana nosnost’ lan je :

Ny = 395020 N
Ny2 = 384960 N
N,z = 385050 N

Priemernu skuto¢nu nosnost’ drotov vo
vzorkach lan vypocitame :

N
N el 395020
~ 114
N
oy Rl 384960
il ¢ 114
N
¥ s 385050
A G 114
kde
Ni235 - priemerna skuto¢na nosnost’
drotov [N],
Nyi123 - vypocitana nosnost’ vzoriek
lan [N].

4. VYPOCET NAPATI V DROTOCH

OCELOVEHO LANA

Napiitia, vznikajuce v drotoch
ocelového lana jeho zat'azenim osovou
silou, boli pocitané pri uvazovani

zatazenia drotu silou vypocitanou podla
vzt'ahu (3) — 526,00 N.
Pre vypocet napiti bol pouzity vzt'ah

[3]:

10

discovered by the tensile test. The average
real wires capacity for every tested rope is
stated in the part. It was calculated from
computed rope capacity (Ny), obtained as
the sum of real capacities of all the rope
wires. The calculated ropes capacity is:

Ny1 = 395020 N
Ny2 = 384960 N
Ny3 = 385050 N

The average real wires capacity in
rope samples can be computed:

Il

=3465 [N] (5)

=3377 [N] (6)

=3378 [N] (7)

where
Ni23s - the average real wires
capacity [N],
Nyi23 - the calculated rope samples
capacity [N].

4. STRESS CALCULATION IN

STEEL ROPE WIRES

The stresses in steel rope wires by its
loading with the axis force was calculated
at the assume of wire loading with the
force, calculated according to the formula
(3) — 526,00 N.

The formula (3) was used for the stress
computing [3]:
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F, )
o=—-[N.mm~] (8)
S(I
kde in which
F| - zataZujuca osova sila, pripadajuca F| - loading axis force for one
na jeden drét [N], wire in [N],

Sq - prierez drotu [mm’].

V pripade  dosadenia  menovitych
hodnét do vztahu (8) dostaneme menovité
napétie o, ktoré vznikne v idealnom lane,
majucom vSetky droty s menovitym
priemerom a menovitou pevnostou a tym
1 nosnostou [2] :

R
o' -
Sdm
kde
Fn - menovita zat'azujuca sila [N],
Sdm - menovity prierez drotu v [mmz].
Po dosadent:
526
g =
2,0106

Vyrobené ocelové land ale nie st
idedlne a preto i1 napitia v drotoch nie st
rovnaké. Dal§im nasim krokom bol preto
vypocet napdti v zavislosti na priemere
drétu lana a tym i jeho prierezu. Do Gvahy
boli brané priemery drétov podl'a tabul'ky
1 a vypocitané priemerné nosnosti drdtov
hodnotenych lan I, 2 a3, ako aj lano
s menovitou nosnostou ale réznymi
priemermi (v tabulke oznacené M).
Vypocitané hodnoty napiti st v tabulke
¢islo 3.

g ; 2
S4 - wire cross-section [mm-~].

After substitution the nominal values
in the formula (8) the nominal stress oy,
can be calculated that occur in the ideal
rope with all the wires with nominal
diameter and nominal hardness and so
capacity [2]:

[N.mm™] (9)

where
Fun - the nominal loading force [N],
Sdm - the nominal wire
cross-section [mm?Z].

After substitution:

=261,61 [N.mm™]

Produced steel ropes are not ideal and
so stresses in wires are not equal. The next
step was therefore stress calculation in
dependence on rope wire diameter and so
on its cross-section. We take into account
wires diameters according to the table 1
and calculated average wires capacities of
tested ropes 1, 2 and 3 as well as the rope
with nominal capacity, but with different
diameters (in the table marked as M) .
Calculated stress values are shown in the
table 3.

Tabulka 3 Stredné napditia v drotoch lana skutocného priemeru
Table 3 Average stresses in wires of rope with real diameter

Priemer drotu / The Napiitie v dréote lana / Stress in a rope wire [N.mm”|

wire diameter [mm| M 1 2 3
1,58 268.27 294,5 287,0 287,1
1,59 264,91 290,8 283,5 283,5
1,60 261,61 287,2 279.9 280,0
1,61 258,62 283.9 276,7 276,8
1,62 255,19 280,2 273,0 273,1

11
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Pre vSetky land bolo uvazované
zatazenie osovou silou, ktorej velkost
zodpoveda bezpecnosti b = 6 pre lano M.

Okrem priemernej vel'kosti napétia
sme v hodnotenych 3 vzorkdch lan
vypocitali  tiez hodnoty minimélneho
a maximalneho napdtia pre jednotlivé
priemery drotov. Ziskané hodnoty su
uvedené v tabulke ¢islo 4.

Tabulka 4 Minimalne a maximalne napditia v drétoch

Table 4 Minimal and maximal stress in wires

For all the ropes it was assumed
loading with the axis force responding to
the safety b=6 for the rope M.

Except of average stress value we
calculated also minimal and maximal stress
for particular wires diameters in the three
tested rope samples. The acquired data are
shown in the table 4.

Priemer drotu / The Napiitie v drote lana / Stress in a rope wire
wire diameter [mm] [N.mm?|
1 2 3
min | max | min | max | min | max
1,58 263,5 | 280,5 | - — | 255,0 | 283,9
1559 2585 | 318:9 1v277:0:1:292,1: | 275,3 | 288,7
1,60 280,2 | 305,0 | 260,2 | 298,4 | 268,6 | 288,5
1,61 278,6 | 304,8 | 265,5 | 313,8 | 272,9 | 293,4
1,62 279,8 | 3154 | 268,4 | 297,5 | 282,1 | 282,1
5.1 ROZP‘{'&TIE NAPAATi 5.1 STRESS INTERVAL IN WIRES
V DROTOCH ROZNEHO WITH DIFFERENT DIAMETER
PRIEMERU HODNOTENYCH OF THE TESTED ROPES
LAN
According to the minimal and
Vychadzajic z hodnét minimalnych maximal stresses values for wires of

a maximalnych napiti drétov jednotlivych
skutoénych  priemerov  a hodnotenych
vzoriek ocelovych lan bolo spocitané ich
napidtie. Velkost' napétia v zavislosti na
skuto¢nom priemere drétu ja na obr. 2.

particular real diameters and tested steel
rope samples it was calculated their stress.
Stress value in dependence on the real wire
diameter is shown in the fig. 2.

60
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B Vzorka lana ¢€.1
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1,58 1,59

Obr. 2 Rozpdtie napdti v drétoch hodnotenych lan
Fig. 2 Stress interval in wires of tested ropes

12

1.6
skutoény priemer drétu (mm)

1,61

1,62




J.Boroska, V.Molnar, G. Fedorko VPLYV PRIEMERU ...

T&L — 8/05

Okrem tychto absolGtnych hodnot
rozpétia napéti bola vyhodnotena tiez ich
percentualna hodnoty ako i percenta
minimalnych ~ a maximalnych  napéti
vzhl'adom k velkosti napitia prislusného
priemeru pri uvazovani menovitej pevnosti
drétov. Ziskané vysledky su v tabulke 5.

Except of the absolute values for stress
interval also their percentage was
evaluated as well as percent for minimal
and maximal stresses with respect to the
stress value of particular diameter with
reflection to the nominal wire hardness.
The acquired results are shown in the table
- )

Tabulka 5 Percentualny podiel napditi v drétoch hodnotenych lan

Table 5 Percentage of stresses in wires of tested ropes

Priemer Percentuilny podiel napiti

drotov 1 p. 3

[mm)] min max min max min max

1,58 98,22 | 104,56 | 6,34 - - - 95,05 | 105,83 | 10,78
1,59 97,58 | 118,49 | 20,91 | 104,56 | 110,26 | 5,70 | 103,92 | 108,98 | 5,06
1,60 107,11 | 116,58 | 9,47 99,46 | 114,06 | 14,60 | 102,67 | 110,28 | 7,61
1,61 107,72 | 117,86 | 10,14 | 102,6 | 121,34 | 18,74 | 105,52 | 113,45 | 7,93
1,62 109,64 | 123,59 | 13,95 | 105,18 | 116,58 | 11,40 | 110,54 | 110,54 0,0

6. ZAVER 6. CONCLUSION

Na zaklade ziskanych vysledkov According to the acquired results with

tykajucich sa porovnavania skutocnych
priemerov drétov lan troch rdéznych
vyrobcov a napdti vznikajucich pri
zat'azeni lan osovou silou je mozné urobit’
nasledujice zavery:

a) Skuto¢ny priemer drétov sa vo

vSetkych ~ pripadoch  pohybuje
v tolerancii v sulade s normou STN
024301

b) Vzorka lana ¢islo 1 méa pomerne
nizky pocet drotov o maximalnou
priemere 1,60 mm a zvySeny pocet
drotov ostatnych priemerov. Velké
rozdiely su tiez v pocte drotov
roznych  skutoénych  priemerov
medzi  jednotlivymi  pramenmi
ocel'ového lana. Menovity priemer
ma len 32% drétov lana

¢) Vzorky lan ¢&islo 2 a3 maju
omnoho  vys§i pocet  drotov
menovitého priemeru, ktory

dosahuje 73 resp. 67%

d) Lano ¢.1 ma o 10000N vyssiu
vypocitanii nosnost’ v porovnani
s lanami 2 a 3. Oproti menovitej

13

respect to the comparing of the rope wires
real diameters from the three different
producers and stresses by the ropes loaded
with axis force, the following can be
stated:

a) The real wires diameter is for all
the cases in tolerance in accordance
with the standard STN 024301

b) The rope sample number one has
relatively low number of wires with
maximal diameter 1,6 mm and
increased number of wires with
other diameters. Big differences are
also in number of wires with
various real diameters among
individual steel rope strands. The
nominal diameter has only 32% of
rope wires.

¢) Rope samples number 2 a3 has
many more number of wires with
nominal diameter that makes 73 or
67%

d) The rope number | has higher
calculated capacity by 10000N in
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nosnosti predstavuje rozdiel viac
ako 35000 N, ¢o je tolerancia 10%

e) Skuto¢ny prierez lan je u vzoriek
¢islo 1 a2 vacsi ako prierez
menovity, vzorka ¢islo 3 ma
skuto¢ny prierez mensi. Rozdiely
predstavuju len niekolko desatin
percenta.

f) Priemerna skuto¢na nosnost’ drotov
zavisi od vypocitanej nosnosti lana,
najvyssia je u lana ¢islo 1

g) Stredné napitia v drotoch st zavislé
na ich skutoénom priemere,
s rasticim priemerom sa znizuju

h) Rozpidtie napdti je u rdéznych
skutoénych  priemerov  rdzne.
Najvys$iu  hodnotu ma priemer
drotu 1,59 mm vzorky lana 1,
vysoké rozpétie maju tiez priemery
drotov 1,60 a 1,61 u vzorky ¢islo 2.

i) Pri percentudlnom vyhodnoteni
rozdielov skutoénych napiti medzi
ich  minimalnou a maximalnou
hodnotou s napitim menovitym ma
najniz§ie hodnoty vzorka lana 3,
ktora mézeme povazovat z tohto
hl'adiska za homogénnu. Lana 2 a 3
maji vysoky percentudlny rozdiel
nielen pri porovnavani
s menovitym napétim, ale imedzi
skutoénymi priemermi drotov.

Uvadzané zavery ukazuji, Ze nie
vSetci vyrobcovia vedia zabezpecit pre
vyrobu lan droty prislusného menovitého
priemeru a st medzi nimi z hl'adiska ich
poctu znacné rozdiely. Téato skuto¢nost
nasledne ovplyviluje napétie v drotoch
vznikajuce osovym zatazenim lana. Rozne,
v niektorych pripadoch pomerne vysoké
rozdiely su potom pri¢inou
nerovnomerného namahania drétov, ktoré
je Cinitelom negativne ovplyviiujicim
zivotnost’ ocel'ového lana.

14

comparison with the ropes number
2 and 3. The difference makes more
than 35000 N against the nominal
capacity. It is tolerance of 10%

e) The real rope cross-section is for
samples number 1 and2 higher
than the nominal one, the sample
number 3 has minor real cross-
section. Differences makes only
a few tenths of a percent.

f) The average real wires capacity
depends on the calculated rope
capacity .The biggest is for the rope
number 1.

g) The medial stresses in wires depend
on their real diameter. They
decrease with growing diameter.

h) The stress interval is different for
various real diameters. The highest
value has the wire diameter 1,59
mm for rope sample 1, high interval
also have wire diameters 1,60
a 1,61 for sample number 2.

i) According to the percent evaluation
of differences for real stresses
between their minimal and
maximal value in comparison with
the nominal stress the lowest values
has rope sample number 3 that can
be considered as homogeneous
from the point of view. Ropes
number 2 and 3 has high percent
difference not only in comparison
with the nominal stress, but also
among real wires diameters.

Introduced conclusions show that not
all the producers are able to ensure for rope
production the wires of relevant nominal
diameter and there are significant
differences among them from the number
point of view. The fact consequently effect
stress in wires due to the axis rope loading.
Various, in some cases relatively high
differences are then the reason for an
unequal wires stress. It is the factor with
negative influence on a steel rope lifetime.




J.Boroska, V.Molnar, G. Fedorko VPLYV PRIEMERU ... T&L — 8/05

Tento clanok je castou rieSeného grantovych projektov ¢. 1/1129/04 — Optimalizéacia
technickych a ekonomickych parametrov konS$trukénych prvkov dopravnych strojov a zariadeni pri
ziskavani a spracovani nerastnych surovin a ¢.1/2162/05 — Aplikacia modernych matematickych
a Statistickych metéd pri tvorbe novych ekologickych systémov dopravy v stavebnom a tazobnom
priemysle.

Reviewal / Recenzia : prof. Ing. Eduard Stroffek, CSc.

15



