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Abstrakt: Prispevok sa zaoberda geometrickym usporiadanim dréotov vo vrstve trojbokeho
pramena. Riesi otazku vplyvu uhla vinutia, velkosti priemerov a medzier medzi drotmi na
ich rozmiestnenie vo vrstve pramena.
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Abstract: The contribution deals with a geometry configuration of the wires in trihedral
strand. It solves the question of the effect of lay angle, wire diameters and gaps between the

wires on their arrangement in the strand layer.
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1 UvoD 1 INTRODUCTION

Ocel'ové land sa vyuzivaju v réznych The Steel ropes are used in a various
priemyselnych odvetviach. Vzhl'adom na industrial departments. With regard to their
ich Siroké vyuzitie existuje Sirokd Skala extensive utilizing the ropes exist in a large
konstrukcii ocelovych lan. NajCastejSie su variety of constructions. The ropes with the
pouzivané land  kruhového prierezu round section created of one or more
vytvorené¢ z jedného alebo viacerych strands are most often used. The strands
pramenov, pricom tieto mézu byt rézneho can have different shapes. Appropriate
tvaru. Vhodnou volbou a usporiadanim choice and arrangement of structural
konstrukénych prvkov je mozné ovplyvnit’ elements can affect the mechanical
mechanické vlastnosti lana. Pri properties of the rope. The optimization of
optimalizacii  geometrickej konStrukcie the geometric structure of the rope is
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lana je vyhodné pouzit matematicky
model, ktory umoznuje uz na teoretickej
urovni eliminovat’ nevhodné parametre. V
[2] je odvodené matematické vyjadrenie
osi drotu v jednom type trojbokého
pramena, ktoré umoznuje vytvorit' jeho
geometricky model. Pri tvorbe modelov
d’al$ich drotov je potrebné brat’ do uvahy
vzajomnu zavislosti geometrickych
parametrov. Budeme sa zaoberat otazkou
vzajomnej zavislosti medzi uhlom vinutia,
velkostou medzier medzi drotmi a ich
priemermi v prvej vrstve trojbokého
pramena.

2  GEOMETRIA JEDNEHO DROTU

Usporiadanie a pocet drotov vo vrstve
trojbokého pramena zavisia od poctu
prameniov tvoriacich lano, od velkosti
priemeru drétov ako aj od tvaru jadra.
Jedna z moznosti konStrukcie pramena je
popisand v [2]. Ide o lano vytvorené zo
Siestich pramenov, kde v kazdom prameni
prva vrstvu tvori drotov. Schéma
usporiadania drotov vo vrstve pre je na
obr.1. Body osi drdtov lezia na strandch
rovnostranného trojuholnika ABC a body
troch drétov na tazniciach tohto
trojuholnika. Krivka osi kazdého drotu
pozostdva zo segmentov priamky a
skrutkovice. Pre jednu vySku vinutia je to
Sest’ segmentov (Obr. 2).

o B

A

Obr. 1 Schéma rezu 1. vrstvy drotov
Fig. 1 Scheme of the section of the 1"
layer wires
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advantageous to use a mathematical model
that allows for longer theoretical level to
eliminate the inappropriate parameters In
[2] is derived the mathematical expression
of the axis of wire in a trihedral strand
type, which allows to create the geometric
model. In creating models of other wires it
must be taken into account the mutual
dependence of geometric parameters. We
will address the issue of interdependence
between the lay angle, the size of gaps
between the wires and their diameters in
the first layer of trihedral strand.

2  GEOMETRY OF A WIRE

The arrangement and number of wires
in a layer of trihedral strand depend on the
number of strands forming the rope, the
wire diameters and the shape of the core.
One of the possibilities of the strand
structure is described in [2]. There is a rope
made of six strands, where the first layer of
each strand consists from wires. Scheme
of arrangement of wires in the layer is
shown in Fig.1. The points of wire axis
lying on the side of an equilateral triangle
ABC and points of three wires on medians
of the triangle. The curve axis of each wire
consists of line segments and helical
segments. They are six segments for one
pitch length (Fig. 2).

Obr. 2 Drot vinuty okolo osi pramena
Fig. 2 The wire laid round the strand axis
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Vychédzajic z tychto predpokladov
odvodené je matematické vyjadrenie
krivky osi drotu vo vrstve pramena. Krivka
je vyjadrena parametrickymi rovnicami
tvaru:

Based on these assumptions, there is
derived mathematical expression of the
wire axis curve in one layer of the strand.
The curve is expressed by parametric
equation forms:

x(y) = x,(w)cos k — y, ()sin (1)
y(y)=x,(w)sinx + y, (y)cos x (2)
z(y)=z,(y)+ kh, (3)

pre k= kz?n ay e(0;27), kde

for k = k%r and y (0;27), where

h, =(n—2+2?ﬂj(5l +A,)cota. 4)
Pre segment priamky plati: For the line segment is:
(1-2+243)5,+A,)
- 5
(1-2+243)0,+4))
()= t - 6
».(w) e an(y —7) (6)
z(y)= oth, [(n -2N3+ (n -2+ Zﬁ)tan(y/ - y)]cot(a) (7)
23
kde where
(n— 2)\/5
= arctan| ———2¥~__ 8
y arcanlzn_z_i_%/5 (8)

aye (0;2y> .

Pre skrutkovy segment plati:

x,(y)= % [n ~1+24/3 cos(y — Zy)]

v,(w)= % [n—1+2sin(y —2y)]

z, ()= (0, + A, Nn—1+y —2y)cota

kde v e <2y;2y + 2?7[>

Na zéklade tohto vyjadrenia je mozné
pomocou vhodného softvéru zostrojit’
geometricky model drétu v prameni.
Prezentované geometrické modely drotov
su vytvorené pomocou softvéru
ProEngineer Wildfire v. 5.

Y3

and y € (0;2y>.

For the helical segment:

)

(10)
(11)

where y € <2y;2y + 2?”>

Based on this expression it is possible to
construct the geometric model of the wire
in the first layer of strand by using
advisable software. Presented geometric
models of wires are created using software
ProEngineer Wildfire v.5.
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3 GEOMETRIA DALSICH
DROTOV

Pri tvorbe modelov dal$ich drotov
vrstvy treba brat’ do ivahy vzajomny vplyv
priemeru drotov, medzier medzi nimi
a uhla vinutia drotov vo vrstve. MdzZeme
vychadzat’ z predpokladu, Ze osi vSetkych
drotov st zhodné krivky, pricom kazdy
drot vo vrstve je vzhladom na
predchadzajuci posunuty v smere osi
pramena o urcita velkost’ #,. Tato velkost’
je zavisla od vySky vinutia h drotu
(Obr. 3a). Aby boli droty vo vrstve
rovnomerne rozlozené¢ (Obr. 3b), pre
posunutie /%, musi platit:

Z rovnic (3), (11) a (12) potom vyplyva,
ze:

h

w

n

Na zaklade uvedenych poznatkov je
zostrojeny geometricky model 1. vrstvy
drotov (Obr. 4). Zakladné parametre
pramena st uvedené v Tab. 1.

_0+A

3 GEOMETRY OF THE OTHER
WIRES

In creating models of other wires of
layer it is taken the interaction beetwen
the wire diameters, the gaps between the
wires and the lay angle of wires in the
layer into account. We assume that the axis
of all wires are identical curves and each
wire in the layer is shifted in the strand
axis direction from the size A4, of the

previous one. This size is dependent on the
pitch length h of wire (Fig. 3a). To equable
distributing of the wires in the layer
(Fig. 3b) the translation distance /%, must

be:

A (12)

From Equation (3), (11) and (12), it
follows that:

(n—2+2?njcota (13)

On the Dbasis of presentation
knowledge is constructed geometric model
of the first layer wires (Fig. 4). Basic
strand parameters are listed in Table 1.

Tab. 1 Parametre geometrickej konStrukcie vrstvy prameiia
Tab. 1 The parameters of geometric construction of the strand layer

PO: : t‘:;'to‘fgv Priemer drotov Uhol vinutia Medzera
m o [mm] al°] A [mm]
? 1,18 15 0,0416

Pri tvorbe modelu bola najprv
uvazovand minimalna moznd medzera. Jej
velkost’ vyplyva z predpokladu, Ze susedné
droty maju v castiach  priamkovych
segmentov priamkovy dotyk. Velkost
medzery je v tom pripade ur€end vztahom:

a=d
cosa

In creating the model was first under
consideration the minimum possible gape.
Its size follows from the assumption that
the neighboring wires have the linear touch
in parts of the linear segments. The size of
the gap in this case is determined by the
relationship:

—1) (14)



E.Stanova — Skumanie vzajomnej zavislosti medzi uhlom vinutia ... T&L —18/10

a) b) ¢)
Obr. 3 Geometrické modely drotov:  a) vysSka vinutia h droétov,
b) urcenie velkosti posunutia h, jedného drotu,
¢) posunutie jednotlivych drétov vo vrstver

Fig. 3 Geometric models of the wires: a) pitch length h of the wires,
b) determination of the translation distance h, of one
wire,
¢) translation of particular wires in the layer

Obr. 4 Droty 1. vrstvy
Fig. 4 The wires of the 1" layer
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Po vytvoreni modelov dvoch susednych
drétov  azostrojeni  rezu  rovinou
prechadzajicou osou pramena (Obr. 5) je
zrejmé, Zze velkost medzery A pre
skrutkovu ¢ast’ nevyhovuje. Rezové krivky
v Casti priamkovych segmentov nemaju
spolocné body (Obr. 5a), v casti
skrutkovych segmentov sa rezové krivky
pretinaju (Obr. 5b). To znamena, ze droty
by sa vtejto Casti pretinali, ¢o technicky
nie je mozné.

==
;d

After creating models of two adjacent
wires and constructing the section by the
cut plane incident with the strand axis
(Fig. 5) it is visible that the size of the gap
is not suitable for the screw part. The curve
sections of the linear segments have no
common points (Fig. 5), the curve section
of the helical segments intersect (Fig. 5b).
This means that the wires would intersect
in this section, which is technically not
possible.

b)

Obr. 5 Rez modelov drotov (A =0,0416 mm): a) cast priamkovych segmentov
b) cast skrutkovych segmentov

Fig. 5 Section of the wire models (A =0,0416 mm): a) part of the line segments
b) part of the helical segments

=

o B

a)
Obr. 6 Rez modelov drotov (A =0,050 mm): a) cast priamkovych segmentov
b) cast skrutkovych segmentov

Fig. 6 Section of the wire models (A = 0,050 mm):
a) part of the line segments b) part of the helical segments

Na Obr. 7 je geometricky model
vSetkych drétov vrstvy arezy modelu,
z ktorych je zrejmd vzajomna poloha
drétov vo vrstve.

The geometric model of all wires of
the layer and sections of the model are in
Fig. 7, which show the relative position of
wires in the layer.
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Obr. 7 Rezy modelov drétov 1. vrstvy v trojbokom prameni
Fig. 7 Sections of the models of the 1 layer wires in trihedral strand

4 ZAVER

Z rovnic (1) - (13) je zrejmé, ze
rozmiestnenie drétov vo vrstve pramena
je zavislé od ich priemerov, medzier
medzi nimi ako aj od uhla vinutia.
Zmenou ktoréhokol'vek z tychto
parametrov sa zmeni celkova
konfigurdcia konstrukénych prvkov. Ako
priklad je uvedend zmena velkosti
medzery medzi drotmi, ktora
optimalizuje vzdjomni polohu drotov
v skrutkovej Casti krivky.
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4 CONCLUSION

From equations (1) - (13) it is visible
that the arrangement of the wires in the
strand layer depends on their diameters,
the gaps between them and the lay angle
of the wires. Changing any of these
parameters will change the total
configuration of structural members. An
example of this is the change of the gaps
between the wires, which optimizes the
relative position of wires in a screw part.
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