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1 UVOD

Ocel'ové lana su pouzivané v roznych
taznych zariadeniach, lanovych drahach,
konstrukciach  a stavebnych objektoch.
Ked'Zze ich vyuzitie je také Siroké, musi
existovat’ Siroka Skala ich konstrukcii [1].
Roznost’ konstrukcii sa prejavuje v tvare
prierezu lana a pramenov, ako aj v tvare
a pocte jednotlivych drotov, zktorych su
vytvarané pramene. Zameriame sa na
konstrukciu trojbokého pramena
vytvoreného zkruhovych drotov. V [2]
bola  rieSena  otizka  geometrickej
konstrukcie trojbokého prameria
v ocelovom lane typu 6(3+9+15)+v, kde
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1 INTRODUCTION

Steel ropes are used in some lifting
applications, aerial ropeways, structures
and buildings. With regard to extensive
applications, ropes must exist in a large
variety of constructions [1]. The
differences of construction are showed by
the form of the rope cross-section and
strands, by the form and number of the
wires, which make the strand. We’ll aim at
the construction of trihedral strand made of
round wires. The question of the
geometrical construction of trihedral
strands created steel rope of type
6(3+9+15)+v was solved in [2], where the
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bolo odvodené matematické vyjadrenie osi
drétov v jednotlivych vrstvach prameria
ana jeho zdklade zostrojeny geometricky
model Casti pramena. Teraz budeme riesit’
otazku matematického vyjadrenia osi m
drétov vo vrstve pramena.

2 DROT 1. VRSTVY PRAMENA

Predpokladajme, Ze vo vrstve pramena
je m=3n drotov, ktoré sa navijaji na jadro
pod uhlom a vpravom smere. Medzi
drotmi o priemere 6, je medzera A,. Na
obr.l je zndzornend schéma rezu vrstvy
pramena pre n=4.

mathematical expresions of the wire axis in
the individual layers were derived and the
geometrical model of the strand was
presented. We’ll be solving the question of
the mathematical expression of m wires in
a layer of trihedral strand.

2 THE WIRE OF THE 15" LAYER

Let’s consider m=3n wires in one
layer which are laid round the strand core
under the lay angle a in the right hand
direction. The gap A, is between the wires

with the diameters J,. Cross-section of the

1* layer wires for n=4 is represented at
fig.1.

Obr.1 Rez 1. vrstvy drétov
Fig.1 Crossection of the 1* layer wires

V reze pramena body osi (m-3) drétov
lezia na  stranach  rovnostranného
trojuholnika ABC a body troch drotov na
tazniciach tohto trojuholnika. Pravoto¢iva
kartezianska suradnicova sustava
(O;x, y,z) nech je umiestnend tak, aby
os z bola totoznd s osou pramefia o, a 0s x

bola kolma na stranu 4B trojuholnika ABC.
Velkost jeho strany je:

In the crossection of the strand the
points of (m-3) wire axis lie on the sides of
the equilateral triangle 4ABC and three
points lie on median of this triangle. Let
the right-hand Cartesian coordinate system
(O;x, y,z) be placed so that the z-axis is

identical with the axis o, of the strand and

the x-axis is perpendicular to the side 4B
of the triangle ABC. The dimension of the
side is:

a=(n-1+23)6,+A,). (1)



E.Stanova — Matematicka interpretacia osi drétu vo vrstve...

T&L —16/09

Nech Sje bod osi drotu, ktorej krivku
vyjadrime. Cast’ SG krivky je usetka, Gast
GH skrutkovica. Parametrické rovnice
usecky SG su na zéaklade
trigonometrickych vztahov arovnosti (1)
v tvare:

(n—1+2J§X5| +A,)

Let S is the point of the curve, which will
be expressed. The part SG of the curve is
a line- segment, the part GH is the helix.
The parametric equations of the part SG
have the form:

x,(v)= : @)
)2 Bloes) ) ®
2, r) = - INE + =14 2By — o), @

kde

where

] 5

y = arctan
L—1+2«/§

Parameter y je uhol rotacie okolo osi
pramefia a plati , Ze y € (0;2y).

Cast GH krivky osi drotu je cylindricka
skrutkovica sosou o0, prechadzajicou

bodom X rovnobeZne sosou z. Pre
suradnice bodu X plati:

(n _1X51 + Al)
X = s Vi
3 23 !

Obluk skrutkovice ma na zaklade (1), (2),
(3), (4 a (6) pri zachovani hladkého
spojenia s ¢astou SG parametrické rovnice

(n—l)(5l +A,)

The parameter y is the angle of rotation
round the axis o, and y € (0;27).

The part GH of the curve of wire axis is
the cylindrical helix with axis o, , which is

paralel to the z-axis and goes through the
point X. The coordinates of the point 4 are:

, 2, =0. 6
3 (6)

By following from (1), (2), (3), (4), (6) and
the smoothly connection between the line-
segment and the helix-segment the helix-
segment GH has the parametric equations

3)= Tt -1+ 2B eosly ~27)] ™
yl)=2 +2A' [n 1+ 2sin(y - 27)], )

zh((//)z(5l+A1Xn—l+1//—27)cota, ©)
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kde where

Y e <27;2y + 27”>

V nasledujicich Castiach osi drotu  sa These two segments repeatedly appear in
segmenty priamky a skrutkovice opakuju the subsequent section of the curve, where
oy 2 .
otoené¢ ouhol «= k—3— a posunuté they are turned by the angle x = sz” and
o dizku shifted by the height
27

h, =(n—l+—3—)(51 +A, )eotar . (10)

Krivka osi dr6tu prvej vrstvy potom moze So, the curve of the wire axis of the 1%

byt’ vyjadrend parametrickymi rovnicami: layer can be expressed by parametric

equations:

x(y)=x,(y)eosx ~y, (w)sinx, (1)

Wy)=x,(y)sink +y ()eosx, (12)

2ly)=z,()+ kn,, (13)

v ktorych pre s=u pouzijeme rovnice (2) - in which for s=u we use the equations (2) -

(4) a ye(0:2y), pre s=h pouZijeme (4) a y €(0:2y) and for s=h we use the
: : 2

rovnice (7)- (9 ay e <2y;27 + 27”> equations (7) - (9) a w e <2}/;27 + Tﬂ>
3 DROT 2. VRSTVY PRAMENA 3 THE WIRE OF THE 2°" LAYER

Krivka osi drotu druhej vrstvy sa tak The curve of the axis of a wire of 2"

isto skladd zo segmentov priamok layer consists of line-segments and helix-

a skrutkovic. Vyjadrime ju analogicky ako segments as well. Its parametric equations

krivku drétu prvej vrstvy. Hodnotu uhla y we determine analogously to the curve of

ziskame zo vztahu: the axis of a wire of 1* layer. The value of

the angle we obtain from the relation:

ﬁ(n—l)(éu +4,)
(n+1)8, +A,)++3(5, +6,) |

y = arctan (14)

Parametrické rovnice pre segment tsecky The parametric equations of the line-
maju tvar segment are at the form:

94



E.Stanova — Matematicka interpretdcia osi drotu vo vrstve... T&L —16/09

xu(W)=(n—]+2;/-j§-X5] +A])+§, ;62 ’

y.w)= [( n=1+ 243 )6 +4) 51+52}tan(‘ﬂ‘7)a (16)

(15)

243 2

S {5 +A, [f (n_1+2ﬁ)tan(w—y)]+‘5‘;—52tan(y/—y)}cot(a). (17)

Os obluka skrutkovice je totozna s osou The axis of the helix-segment is identical
skrutkovice prvej vrstvy. Pre segment to the axis of the helix-segment of the 1%
skrutkovice plati: layer. For the helix-segment there are:
d, +A o, +0,
x, (y )_ A% Ll 14243 cosly - 27)]+ . 2722 cos(y —2y) (18)
o, +A 0, +0,
v, (w)=="—"[n-1+2sin(y - 2y)]+ 5 L2 sinly —29), (19)

z,,(y/ {5 8 [\/_( —l)+ n-— ]+2~/_)tany] 9 tany}cota+¥—'—+22A—'+éz—cota(w—y)- (20)

Uvedené rovnice umoziuju vytvorit’ The presented parametric equations enable
geometricky 3D model drotov v trojbokom to design the geometrical 3D model of the
prameni ocel'ového lana ako aj model Casti wires in the trihedral strand of steel rope
pramena [ ]. Na obr.2 si vymodelované and of the part of the strand, too. There are
droty prvej vrstvy pre n=3 a n=4. the geometrical models of the wires of the
1* layer for n=3 and n=4 designed at the
fig. 2.
ZAVER CONCLUSION
V prispevku su matematicky The mathematical expression of the
vyjadrené krivky osi drétov v jednoducho curves of the wire axis for a simply wound
vinutom trojbokom prameni. Odvodené st trihedral strand is given in the contribution.
parametrické rovnice krivky osi pre m There are parametric equations of the axis
drotov v 1l.vrstve apre droty 2.vrstvy. curves of m wires in the 1*' layer and of
Matematické vyjadrenie kriviek umoziuje the wires of the 2™ layer derived . The
zostrojitt geometricky model pramena mathematical expression allows us to
apomocou neho rieSit niektoré otazky construct a geometrical model of the strand
konstrukcie lana. and use this model to solve some questions

of the rope construction.
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Obr.2 Geometricky model 1. vrstvy drétov pre m=9 a m=12
Fig.2 Geometrical model of the 1*' layer wires for m=9 and m=12
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