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ABSTRACT 

 

  The goal of this paper is to review the developing of the analysis of the bearing 

pattern to the designing of the arched worm gear drive pairs to achieve good 

efficiency. The connection between the geometrical parameters and the contact 

surface is showing in this article based on our research work [2]. This paper 

provides our error analysis of the connection between the necessary parameters of 

design conditions for the meshing of an arched worm to establish the located 

bearing pattern. The first geometrically correct arched worm in axial section with 

the purpose of suitable efficiency and required considerable lifespan was 

manufactured in 1972 [3]. Later this method was licensed and the current research 

is based on this experience [5, 6]. 

 

1. INTRODUCTION 
 

  It is very important to determine the relationship between the geometrical 

parameters of the cylindrical worm (a, q, m, p, x, γ, ρ, K) and its tooth surfaces to 

find the connection and limits of these data for dimensioning [9]. 

   The arched profile is determined by an arc of a circle in axial section. The 

geometrical data of Archimedean screw surface are the p parameter, the Rk radius of 

the middle line and the ρ radius of the circle in the axial section of the worm 

surface. Design engineers determine or calculate the Rk and ρ radius according to 

different considerations [2, 3, 6, 8]. The p parameter of Archimedes screw surface 

must be corresponding to the p parameter of the worm.  

 

2. OWERWIEW OUR METHODS TO APPROPRIATE THE RIGHT 

CONNECTION  
 

The comparison of contact surfaces can be examined with three typify in our 

research work.  

Surface of the worm can be written in the next form, similar [9] 
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Normal vectors of the worm surface can be written in the next form 
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Velocity vectors are written in the next relation using transformation matrixes 
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Equation of the meshing gives us contact points from the next implicit form 
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The contact points with a fixed moving parameter give us the contact lines. 

 

2.1. TOTAL LENGTH OF CONTACT LINES 

 

The bearing pattern is characterized by the total value of the length of contact lines. 
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where 

 - L is length of contact curve 

-  ds=
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-  m is the number of examined lines, 

- l  is the value on root cylinder, 

- f is the value on tip cylinder. 
 

According to the secretion criterion the maximum value of the length of contact 

lines. 
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where 

- z is the number of examined versions, 

- Lj is the length of connecting lines in case of  j, 

- Lo is the length of the longest connecting lines. 

 

The most appropriate for example in terms of capacity this proceeding. 

The (1)-(6) relations can be determined by [4,9]. 

 

2.2. RELATION OF CONTACT LINES AND VELOCITY VECTORS 

 

In this respect the optimum is the time of the smallest difference of the average 

value of the angle of the tangent of the contact line  tt  and the relative velocity 

vector  F1v  from the right angle. 

The next forms give us the solution to this examination: 
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where 

- t = zyx uzuyux e)(e)(e)(   is the tangent vector 

- i is the pointer of the examined points on a contact  

- j is the the pointer of the examined contact line. 
 

Advantageous at valuation is the minimum of these: 
 

 ),(min0 zHH 
                      (8) 

where 

- z is the number of investigated versions, 

- Hz is the value of H in case some investigated versions, 

- H0 is the values of H at different investigated versions. 
 

This characteristic relevant is in terms of coming into being and capacity of the oil 

film [9]. 

 

2.3. LOCALIZATION OF CONNECTION LINES 
 

The third evaluation serves to modification of the maximum and minimum values 

of the previous two evaluations. This evaluation awards the placing knots from 

aspect of the good efficiency of the driving. The dimensioning of bearing pattern 

of cylindrical worm gear driving having a circle arc in axial section profile 

depends from the place of the knots. The knot on entrance side must be 1/6 

width of the gear width from the central point to achieve the good efficiency 

[4,5,9]. The centre angle of the vectors from the axe to knots in the frontal 

section determines the placing of the bearing pattern. This method gives us 

the optimal geometrical parameters to achieve the ideal place of the 

connecting surfaces.  
 

3. MESHING AXES AND KNOTS IN PROJECTIVE SPACE 

 

The knowledge of meshing axes (I. and II.) appearing in the kinematics of the 

drive helps discover the connection between the above mentioned parameters. 

Ample professional literature is concerned with the topic of meshing axes [1,2,6,7].  

The meshing axes compared to Archimedean screw surface are shown in Figure 1. 

The parameters of the axes: R1 and γ1 - can be given except for the p parameter 

where p= R1·tan γ1. 

Limit position appears in meshing, when the normal of the tooth surface is in 

parallel position with the meshing axis I. or II. This phenomenon is presented in 

Figure 1. The plane section fitting on the meshing axes is in the foreground of the 

Figure. One of the planes is fitting axis I. and the axis of the worm, in which there 

are normal n
II
, parallel with axis II., and the other plane is fitting axis II. and parallel 



with normal n
I
. The meshing of the tooth surface occurs in both planes. The 

meshing axis I., the normal n
II
. - n

II
. and the axis of the worm are on one plane, and 

normals n
II
 intersect knots V1, V2, V3, V4  from the surface of teeth. The projections 

of these points appear in the frontal section as knots.  
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Figure 1. The Archimedean screw surface 

 

Likewise normals n
I
. - n

I
.  are in a plane, in which the meshing axis II. is parallel 

with the axis of the worm and points U1, U2, U3, U4 of the surfaces of teeth, which 

can also be seen as knots in frontal section.  

Figure 2. shows that the number of knots is eight, which is the highest possible 

number. This number can be less in case of certain parameters Rk and ρ, since Rk =ρ 

gives us the covering some knots, and if  R1 > Rk some knots may disappear. In 

operation the worm is turning, and the knots are moving on the lines of knots. The 

investigation of knots and lines of knots is shown in research [6].  

To know the momentary position of knots and lines of knots is important, as the 

lines of knots start from knots and go to cross other knots [7]. A design engineer 



can get information about the bearing pattern without discovering the characteristic 

lines in the pre-design process.  

The knowledge of meshing axes (I. and II.) appearing in the kinematics of the 

drive helps discover the connection between the above mentioned parameters. 

Ample professional literature is concerned with the topic of meshing axes [1, 3, 6, 

7, 8]. The meshing axes compared to Archimedean screw surface are shown in 

Figure 1. The parameters of the axes: R1 and γ1 - can be given except for the p 

parameter where p= R1tan γ1. 
 

   The usefulness of this method can be following in our pre-design of arc worm 

drives. 

   The developed method makes the position of the knots simple and expressive 

during the design process (Figure 2.). The basic dimensions of the worm with 

particular reference to the equation: 
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where  

  

- q is diameter ratio can be set according to the diagram (Figure 3);    

- axm
 is axial module of the worm, 1.5 > 1x

> 1 – specific set of tool; 

-

f1 axz m
p

2
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 screw parameter of the worm;  

- zf1 number of teeth, indents on the worm, 
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- 1  lead angle on the rw1 pitch circles. 

The next relation can be seen on Figure 2.  
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where 

- Rk  isthe radius of the middle spiral of Archimedes screw surface, 

- axR m
 is parameter, which is affected by the following formulas: 
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Figure 2. Position of knots 

 
 

Figure 3. The selection of q diameter ratio using Q = q + 2x equation 
  is the radius of the circle section of Archimedean screw surface, normally 

r01<
<R1,  considering equation (3) and (4). What is suggested by the design 

engineer must be considered optimal in the process of interactive pre designing. 

This can be changed according to specifying viewpoints. The projections of the 

front view of knots (shown in Figure 2.) contribute to create the good bearing 

pattern. The position of the connected characteristic line as well as that of the 

bearing pattern is determined by the fact which tooth surface domain of 

Archimedean tooth surface in connection. The bearing pattern is determined by the 

characteristic lines in the area between knots V2- U2-V3-U4. The lines of the knots 

are parallel with axis. These knots have same projection in the frontal section, and 



it’s distance is the pitch in the axial section. The designer is helped to optimise 

design of the arched worm by the suitable using of correlations and accurate 

initiations of the shown method in the pre-design. 

 

5. EGZAMINATION OF THE BEARING PATTERN 
 

  Figure 4. demonstrates that the optimal geometrical parameters of the ideal 

connecting pattern are determinable. 

  On the ground worm surface, which is developed by the developed method, such 

helicoid surface is generated, at which the (KB≡ U2)  knot of momentary contact line 

is laying on the connected line, at about a distance of 1/6 B from the main contact 

point C, where B is the face width of worm gear. In this case, the o-called 

lubricating wedge, which is necessary to lubricating fluid between the mating 

surface, and the desired limited field for teeth contact are forming. The profile 

correction under these conditions is x2= 0.8-1.5 [5]. 
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Figure 4. The BA és   angles f the knots, ax
 radius of the circle profile and K 

distance between the worm axis and the centre of the circle profile with the input 

data in the given case [8] 
 



  A programme has been developed in C language using concrete dates to arched 

worm drives. The knots in the entry must be 1/6 to the face width of worm gear and 

the angles of the worm and the knots determine the placing and dimensioning of the 

load bearing pattern [9]. 

  The optimal parameters can be obtained at a given type of drive with this 

procedure, which make possible the ideal placing of the contact lines.  

 

6. SUMMARY: 
 

For the determination of the contact curves belonging to the flanks of worm and 

worm gear for a given angular displacement 1


, a computer program based on the 

kinematics method has been developed. The program for a given worm geometry 

calculates the theoretical contact curves and fits on them an envelope surface. 

 The relations between bearing pattern localisation and the geometrical 

parameters can be examined, as well as the bearing surface. These were explored on 

the basis of the prescribed connection conditions.   

The limit curves of the bearing pattern were given by a line of points, thus rendering 

the entire bearing pattern suitable for being handled analytically.   

The design and geometrical parameters of the worm drive were established for 

achieving the right connection. 
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