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Abstract

This paper describes one method for modeling the rope of cyclical helical surfaces as surfaces of technical
practice. The cyclical helical surfaces are generated by continuous movement of the circle together with the
moving trihedron of the helix along this helix. The rope is composed of equal sets of cyclical surfaces in two
layers. In this paper there is described the creation of straight and helical rope and vector functions of the
surfaces in the rope are derived. The author visualizes the resulting surfaces in the rope obtained by its
parametric approach in the MAPLE program.
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1 Introduction

A rope of cyclical helical surfaces is created of cyclical helical surfaces in two layers (Fig.1).
The first layer contains one set and the second layer contains # sets of surfaces screwed about
the set of the first layer. Each set of surfaces contains one central surface and / surfaces
screwed about this central surface (Fig.3, Fig.4). A particular cyclical helical surface is
created by movement of a circle with a radius » (Tab.1) along the helix s, where the center of
the circle is located on the helix and the circle is located in the normal plane of the helix
(Fig.2, Fig.3).

The particular helix will be marked by s,;;, where the index k =1,2 marks the layer number,
the index j=1,...,n marks the set number in the corresponding layer, the index i =0 marks
the central helix in the corresponding set, i=1,...,1 marks other helix in this set. Helix s,; will

be described by its vector function with homogeneous coordinates as function of the
parameter v € <0,2n>

M (V) = (xkji (V)’ Yy (V)’ ZyGi (V)’ 1) (1)
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Figure 2 Figure 3 Figure 4

A cyclical helical surface @, created by movement of a circle ¢ with a radius » along the

helix s,; will be described by the vector function

Py (u,v)= M (v)+ (rcosu,rsinu, 0,1). M ki (v) )

where parameter u € <0,2TC> and

S, (6) () ()
i, (v) b, (v) (1)

M,;(v)= kjitx(v) 9 (v) V()

X ¥y z

€)

- o O O
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is a transformation matrix of the trihedron (P, ki, Nip, kjit) determined by the basic normal,
binormal and tangent of the helix s,; with unit vectors expressed in (4), (5), (6) into the

orthogonal coordinate system (O,x, y,z)

rl:ji (v)

)= (160 60 )= @
ki
B0)-(8,00 00 ) o
Kji Kji
()= (9 n, (015 n, ()5, ()= () t(v). (©)
Table 1: Distribution of the cyclical helical surfaces in the rope with a radius of circle ¢
Layer k Set j Surface ®yjo r Surface Dy;; r
1 1 D10 r D111, Di12,... P11 12
2 1 Da0 r3 D11, D212,... Pong 74
2 2 Dy 73 D21, Dopa,... Doy 74
2 3 Ds30 r3 D331, Da3p,... Va3 T4
2
2 n D2no r3 Don1, Dono,... Do 74

2 Straight rope of cyclical helical surfaces

A straight rope of cyclical helical surfaces is created in such a way that the helix s, is

straight line identical with the coordinate axis z of the orthogonal coordinate system
(O,x, y,z). Its vector function is

rllo(V) = (O’Oav’l) . @)

The helix s,,, for i=1,...,1 is created by screwing of the point (d, cosia, d,sinia, 0, 1)
located in the coordinate plane xy of the coordinate system (O,x, y,z) in the distance d; about
the central helix s,,,. Then the vector function of the helix s,,; will be

r,(v) = (d, cosia,d, sinia,0,1). T(m,,sg, ) , ()

where v € <0,2n> .angle o = 2_ln , matrix
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cosmv  sgsinmv 0

T(m,sg)= 9)

0 0 1

0

—sgsinmv  cosmv 0 O
0

0 0 0 1

expresses revolution about the coordinate axis z with an angular velocity determined by the
parameter mv and the parameter sg =+1 determines the right-handed and sg =-1 left-

handed movement.
The helix s,;,, for j=1,...,n is created by screwing of the point (af2 cos jB,d, sin jB, 0, 1) in
the normal plane of the helix s,,, in the distance d, about the tangent of the helix s,,,. Then

vector function of the helix s,;, will be

ijO(V) = (dz cos jB,d,sin jﬂ,O,l).T(mz,ng) , (10)
where angle B = Z—TE
n

The helix Syii» forj=1,...,n, 1i=1,.,1 1is created by screwing of the point
(d, cosia., d,sinia, 0,1) in the normal plane of the helix s,jo in the distance d, about the

tangent of the helix s, . Then the vector function of this helix s,; will be

N (v) =1y (W1 (d; cosia,dysinia,0,1). T(m;,sg; )M, (v), (11)

where angle o = 2Tn

In Fig.5 d) there is displayed the straight rope of cyclical helical surfaces determined by the
parameters m, =1,m, =1,m, =2, sg, =sg, =sg, =sg, =+1 (all surfaces are right-handed).

In case a) there is displayed one set of the surfaces of the first layer, in case b) there is
displayed one set of the first layer and one set of the second layer, in case c) there are
displayed surfaces (Dn(), CD21(), q)zz(), CD23(), CI)24().

In Fig.6 there is the changed parameter m, of the same straight rope as in Fig.5 and another

parameters are the same. In Fig.7 there are ropes with changed parameters given under the
corresponding picture.

26



SSP - JOURNAL OF CIVIL ENGINEERING Vol. 7, Issue 2, 2012

m, =0.8 m, =0.5

Figure 6: The straight rope of the right-handed cyclical helical surfaces with n =4,1=6
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sgy=+lm; =1 my =2,m =2 sgy =—lm; =2 sgy =—lLm; =1

Figure 7: The straight rope of the cyclical helical surfaces with n =4,1=6

m, =1l,m, =l,m, =2,sg, =sg, =sg, =+1

Figure 8: The straight rope of the cyclical helical surfaces with n =4,1=6
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3 Helical rope of cyclical helical surfaces

A helical rope of cyclical helical surfaces is created in such a way that the first helix s, is
created by screwing of the point (dl,0,0,l) about the coordinate axis z of the coordinate
system (O, X, y,z) with the reduced pitch v, . Its vector function is

ro(v)=(d, cos v,sg, d, sinv,vyv,1) v e (0,2m). (12)
where the parameter sg, =+1 determines a right-handed and sg, = —1 left-handed helix.

The helix s,,, for i=1,..,1 is created by screwing of the point (d, cosia, d,sinia, 0, 1)
located in the normal plane of the helix s,,, in the distance d, about the central helix s,,,.

Then the vector function of the helix s,,, will be
r,(v)=1,,(0)+(d; cos ia,d,sinie,0,1).T(m,,sg,).-M,,,(v). (13)

2n ) ) .
Wherea = T the parameter m,v determines an angular velocity and sg, determines the

right-handed or left-handed movement. Matrices M and T are in (3), (9).
The helix s,, for j=L...,n is created by screwing of the point (a’2 cos jB,d, sin jB, 0, 1) n
the normal plane of the helix s,,, in the distance d, about the tangent of the helix s,,,. Then

the vector function of the helix s,;, will be

i (V) = rllO(V)+ (dz cos jf,d, sin jﬂ,O,l).T(mz,Sg3 ) Mno(")’ (14)

2n . . .
where 3 =—, the parameter m,v determines an angular velocity and sg, determines the
n

right-handed or left-handed movement.
The helix Saii» for j=1L..,n, i=1,.,1 is created by screwing of the point
(d, cosia, d,sinia, 0,1) in the normal plane of the helix s,jo 1n the distance d, about the

tangent of the helix s, . Then the vector function of this helix s,; will be
rii (v) = rzjo(vﬁ (d3 cosia,d, sin ioz,O,l).T(m3 .S, ) M 2j0 (v), (15)

2n . . .
where o = T the parameter m;v determines an angular velocity and sg, determines the

right-handed or left-handed movement.
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Figure 9: The helical rope of the right-handed cyclical helical surfaces with n =5,1=6

In Fig.9 d) there is displayed helical the rope of the cyclical helical surfaces determined by the
parameters m, =2,m, =2.5,m, =4, sg =sg,=sg,=sg,=+1 (all surfaces are right-
handed). In case a) there is displayed one set of the surfaces of the first layer, in case b) there

is displayed one set of the first layer and one set of the second layer, in case c) there are
displayed surfaces @119, D210, @220, P230, D240, P250-

a)
Figure 10: The helical rope of the left-handed cyclical helical surfaces with n =5,1=6

In Fig.10 d) there is displayed the helical rope with the parameters m, =2,m, =2.5,m, =4,
sg, =sg, =sg, =sg, =—1. (all surfaces are left-handed). In case a) there is displayed one set

of the surfaces of the first layer, in case b) there is displayed one set of the first layer and one
set of the second layer, in case c) there are displayed surfaces ®@;;9, @210, D220, D230, D240,
Dysp.
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4 Conclusion

A straight rope of the cyclical helical surfaces can be used as a surface around which helical
rope screwes as its following layer.

In Fig.11 there is displayed one straight rope and one or two pitches of the helical rope.

Figure 11: Straight and helical ropes of cyclical helical surfaces with n =4,1=6

Vector functions of particular surfaces in the rope of surfaces are created by using parameters
by which we can simulate different types of ropes.

As the conclusion, it can be summarized that the presented rope of cyclical helical surfaces
serves as an endlessly rich source of inspiration for design purposes. Their unusually complex
forms are obtained in a relatively simple way of composite spatial transformations.
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