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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 n sets of surfaces screwed about 
the set of the first layer. Each set of surfaces contains one central surface and l 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 r (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 kjis , where the index 2,1k =  marks the layer number, 
the index n,...,1j =  marks the set number in the corresponding layer, the index 0=i  marks 
the central helix in the corresponding set, l1,...,i = marks other helix in this set. Helix kjis  will 
be described by its vector function with homogeneous coordinates as function of the 
parameter π∈ 2,0v  

 ( ) ( ) ( ) ( )( )1,,, kjikjikjikji vzvyvxv =r  (1) 

DOI: 10.2478/v10299-012-0003-4 

23



Tatiana Olejníková   

 
 

 
 

Figure 1: Layout of rope of cyclical helical surfaces 
 

     
 

                  Figure 2                                     Figure 3                                      Figure 4 
 
A cyclical helical surface kjiΦ  created by movement of a circle c with a radius r along the 
helix kjis  will be described by the vector function 

 ( ) ( ) ( ) ( )vururvvu kjikjikji .1,0,sin,cos, MrP +=  (2) 

where parameter π∈ 2,0u  and  
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is a transformation matrix of the trihedron ( )tbnP kjikjikji ,,,  determined by the basic normal, 
binormal and tangent of the helix kjis  with unit vectors expressed in (4), (5), (6) into the 
orthogonal coordinate system ( )zyx ,,,0  

 ( ) ( ) ( ) ( )( ) ( )
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 ( ) ( ) ( ) ( )( ) ( ) ( )vvvnvnvnv zyx tbn kjikjikjikjikjikji ,, ×== . (6) 

 

Table 1: Distribution of the cyclical helical surfaces in the rope with a radius of circle c 

Layer k Set j Surface Φkj0 r Surface Φkji r 

1 1 Φ110 r1 Φ111, Φ112,... Φ11l r2 

2 1 Φ210 r3 Φ211, Φ212,... Φ21l r4 

2 2 Φ220 r3 Φ221, Φ222,... Φ22l r4 

2 3 Φ230 r3 Φ231, Φ232,... Φ23l r4 

2 : 
: 

: 
: 

: 
: 

: 
: 

: 
: 

2 n Φ2n0 r3 Φ2n1, Φ2n2,... Φ2nl r4 

2 Straight rope of cyclical helical surfaces 

A straight rope of cyclical helical surfaces is created in such a way that the helix 110s  is 
straight line identical with the coordinate axis z of the orthogonal coordinate system 
( )zyx ,,,0 . Its vector function is 
 ( ) ( )1,,0,0110 vv =r . (7) 

The helix i11s , for l1,...,i =  is created by screwing of the point ( )1,0,isin,icos 33 αα dd  
located in the coordinate plane xy of the coordinate system ( )zyx ,,,0  in the distance 3d  about 
the central helix 110s . Then the vector function of the helix i11s  will be 

 ( ) ( ) ( )1133i11 ,.1,0,sin,cos sgmididv Tr αα= , (8) 

where π∈ 2,0v , angle 
l

2π
=α , matrix 
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expresses revolution about the coordinate axis z with an angular velocity determined by the 
parameter mv and the parameter 1+=sg  determines the right-handed and 1−=sg  left-
handed movement. 

The helix j02s , for n,...,1j =  is created by screwing of the point ( )1,0,jsin,jcos 22 ββ dd  in 
the normal plane of the helix 110s  in the distance 2d  about the tangent of the helix 110s . Then 
vector function of the helix j02s  will be 

 ( ) ( ) ( )2222j02 ,.1,0,jsin,jcos sgmddv Tr ββ= , (10) 

where angle 
n

2π
=β . 

The helix ji2s , for n,...,1j = , l1,...,i =  is created by screwing of the point 
( )1,0,isin,icos 33 αα dd  in the normal plane of the helix j02s  in the distance 3d  about the 
tangent of the helix j02s . Then the vector function of this helix ji2s  will be 

 ( ) ( ) ( ) ( ) ( )vsgmddvv 0j233332j0ji2 .,.1,0,isin,icos MTrr αα+= , (11) 

where angle 
l

2π
=α . 

In Fig.5 d) there is displayed the straight rope of cyclical helical surfaces determined by the 
parameters 2,1,1 321 === mmm , 14321 +==== sgsgsgsg  (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 Φ110, Φ210, Φ220, Φ230, Φ240. 

In Fig.6 there is the changed parameter 2m  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. 
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              a)                                    b)                                   c)                                     d) 

Figure 5: The straight rope of the right-handed cyclical helical surfaces with 6,4 == ln  

 
              8.02 =m                                                                                                            5.02 =m  

Figure 6: The straight rope of the right-handed cyclical helical surfaces with 6l4,n ==  
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            1,1 33 =+= msg            2,2 13 == mm         2,1 33 =−= msg        1,1 33 =−= msg  

Figure 7: The straight rope of the cyclical helical surfaces with 6l4,n ==  

 

       
2,1,1 321 === mmm , 1321 +=== sgsgsg  

Figure 8: The straight rope of the cyclical helical surfaces with 6l4,n ==  
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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 110s  is 
created by screwing of the point ( )1,0,0,1d  about the coordinate axis z of the coordinate 
system ( )zyx ,,,0  with the reduced pitch 0v . Its vector function is 

 ( ) ( )1,,sin,cos 0111110 vvvdsgvdv =r , π∈ 2,0v , (12) 

where the parameter 11 +=sg  determines a right-handed and 11 −=sg  left-handed helix. 

The helix i11s , for l1,...,i =  is created by screwing of the point ( )1,0,isin,icos 33 αα dd  
located in the normal plane of the helix 110s  in the distance 3d  about the central helix 110s . 
Then the vector function of the helix i11s  will be 

 ( ) ( ) ( ) ( ) ( )vsgmddvv 1102133110i11 .,.1,0,isin,icos MTrr αα+= , (13) 

Where
l

2π
=α , the parameter vm1  determines an angular velocity and 2sg  determines the 

right-handed or left-handed movement. Matrices M and T are in (3), (9). 

The helix j02s , for n,...,1j =  is created by screwing of the point ( )1,0,jsin,jcos 22 ββ dd  in 
the normal plane of the helix 110s  in the distance 2d  about the tangent of the helix 110s . Then 
the vector function of the helix j02s  will be 

 ( ) ( ) ( ) ( ) ( )vsgmddvv 1103222110j02 .,.1,0,jsin,jcos MTrr ββ+= , (14) 

where 
n

2π
=β , the parameter vm2  determines an angular velocity and 3sg  determines the 

right-handed or left-handed movement. 

The helix ji2s , for n,...,1j = , l1,...,i =  is created by screwing of the point 
( )1,0,isin,icos 33 αα dd  in the normal plane of the helix j02s  in the distance 3d  about the 
tangent of the helix j02s . Then the vector function of this helix ji2s  will be 

 ( ) ( ) ( ) ( ) ( )vsgmddvv 0j243332j0ji2 .,.1,0,isin,icos MTrr αα+= , (15) 

where
l

2π
=α , the parameter vm3  determines an angular velocity and 4sg  determines the 

right-handed or left-handed movement. 
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              a)                                    b)                                   c)                                     d) 

Figure 9: The helical rope of the right-handed cyclical helical surfaces with 6l5,n ==  

 
In Fig.9 d) there is displayed helical the rope of the cyclical helical surfaces determined by the 
parameters 4,5.2,2 321 === mmm , 14321 +==== sgsgsgsg  (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 Φ110, Φ210, Φ220, Φ230, Φ240, Φ250. 
 

  
              a)                                    b)                                   c)                                     d) 

Figure 10: The helical rope of the left-handed cyclical helical surfaces with 6l5,n ==  

 
In Fig.10 d) there is displayed the helical rope with the parameters 4,5.2,2 321 === mmm , 

14321 −==== sgsgsgsg . (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 Φ110, Φ210, Φ220, Φ230, Φ240, 
Φ250. 
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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 6l4,n ==  

 
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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