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Abstract. The dynamic pressure lubrication theoretical model of worm gear ZC1 is established, the 
formula of hydrodynamic lubrication discretization for the calculation of the mixed friction 
efficiency of circular cylindrical worm and worm pair is achieved and the formula and process for 
solving the hybrid friction efficiency according to the model which is given. Through the calculation 
of specific examples, the transmission efficiency was calculated to be 84.25% at a worm angle of 
φ1=90˚. The establishment of the discretization model of hydrodynamic lubrication of circular 
cylindrical worm and the calculation of its efficiency are of great significance for the lubrication 
research and the design of basic parameters. 

1. Introduction 

Since the middle of the last century, the Neiman worm has been proposed, this type of circular 
cylindrical worm gear has attracted the attention of many scholars because of its lubrication angle is 
larger and transmission quality is superior to ordinary worm drive [1]. Prof. B.-R. Höhn [2], 
Technical University of Munich, Germany, aimed for making the improvement on the quality of the 
circular cylindrical worm drive, selected the meshing position and the meshing area of the worm gear 
as the objective function to optimize the transmission quality. In addition, Professor Wang Shuren 
and his team [3], Tianjin University, China, studied the formation of circular toroid enveloping 
cylindrical worm gear tooth surface, the area of the contact area was also calculated, and the 
transmission quality was optimized by optimizing the contact area. 

At present, the optimization research on the transmission efficiency and meshing quality of 
circular cylindrical worm gear pairs has not considered the influence of surface roughness, 
lubricating oil and viscosity changes to the efficiency, and doesn, t consider the meshing condition of 
the entire instantaneous contact line. Therefore, in this paper, based on the previous research results, 
the circular toroidal helical worm pair with toroidal envelope is discretized and a dynamic pressure 
lubrication model is established. A theoretical model of hybrid friction lubrication with circular 
cylindrical worm gear is presented. The solving process of transmission efficiency is given, which 
plays an active role in the research of hybrid friction theory on the optimization of arc cylindrical 
worm pairs. 

2. Curvature Calculation of Instant Engagement Point of ZC1 Worm Drive 

2.1 Instantaneous Contact Line of ZC1 Worm Pair.  
Taking z1=2 circular cylindrical worm gear pair as an example to draw the instantaneous mesh 

line shown in Fig. 1. It can be seen from the distribution of the meshing line that the shape of the 
engagement line of the circular cylindrical worm pair is more favorable to the formation of the 
hydrodynamic oil film than that of the ordinary worm pair. As the worm angle φ1 increases from 
-135˚ to 180˚, the lubrication angle increases at each point of the contact line, but there are two 
instantaneous contact lines at φ1 of -135˚ and 180˚. In addition, in the meshing exit area of the 
instantaneous contact line, the contact point lubrication angles are larger than that in other areas, and 
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the shape of contact line is more conducive to the formation of dynamic pressure oil film, and the 
lubrication conditions is better. 
2.2  Curvature Solution. 

Equation (1) is the formula of the normal curvature  1
nk  at the meshing point of the worm gear[4], 

and equation (2) is the formula of the induction curvature along the normal direction of the 
instantaneous contact line. 
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The curvature at the meshing point of the worm wheel can be obtained by the calculation flow 
which is shown in Figure 2. 

Induction method 
curvature of

meshing point 

Worm engagement 
point method

      curvature

Worm engagement 
point main curvature 

k1,k2

Worm Gear meshing 
point method

       curvature  
Fig. 1 Worm gear momentary contact 

diagram 
Fig. 2 Turbine meshing point method curvature 

calculation flow 

3. Dynamic Pressure Lubrication Model Establishment and Efficiency Calculation 

3.1 Discretization Model. 
At any contact point of the meshing line, the tooth surfaces of the worm and the worm gear can be 

approximated as two cylinders, and the dynamic pressure lubrication discretization model is as 
shown in Fig. 3. However, the circular cylindrical worm gear is a concave-convex fit, the schematic 
diagram of the hydrodynamic lubrication discretization model shown in Fig. 4. 

Fig.3 Ordinary worm dynamic pressure 
lubrication discretization model 

Fig.4 Discrete model of circular cylinder 
worm dynamic pressure lubrication 
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3.2 Calculation and Process of Transmission Efficiency. 
Assuming that the height of surface asperities conforms to Gaussian distribution, the probability 

density function can be calculated by Equation (3)[5]. 
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According to the above description, the calculation procedure of instantaneous transmission 
efficiency of worm pair is shown in Fig. 5. 

 

 

 

 Fig. 5 Circular cylindrical worm drive efficiency of the flow chart  

4. Example and Result Analysis 

In this paper, arc cylindrical worm gear optimization example parameters are as follows: 
a=250mm, m=7.4mm, ρ=38mm, z1=2, z2=55, α=23˚, γ=10˚, d1=84mm, x=0.608. The relative 
parameters of the circular cylindrical worm gear pair are calculated by using MATLAB. When the 
worm angle φ1 = 90˚, the instantaneous meshing line is obtained as shown in Figure 6. Part of 
parameters are shown in Table 1. 

 

 
 Fig.6 Worm momentary engagement at φ1 = 90˚ 
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Table 1 Instantaneous contact point part of the parameter list 
 

β 0˚ 1˚ 2˚ 3˚ 5˚ 7˚ 10˚ 

x 5.133 21.122 26.524 30.211 36.633 43.147 53.671 

y -41.685 -43.459 -44.037 -44.316 -44.537 -44.631 -44.691 

 1
nk  -3864.039 -1428.538 -2877.062 -2856.427 -3714.288 -3642.720 -3267.046 

 2
nk  3864.034 1428.528 2877.049 2856.446 3714.268 3642.699 3267.024 

θ
 

13.112˚ 34.358˚ 37.286˚ 38.390˚ 41.373˚ 45.321˚ 51.262˚ 

 
From Figure 6 and Table 1, it can be seen that when the worm angle φ1 = 90˚, the lubrication angle 

θ of the entrance and exit of the meshing zone is larger and the lubrication condition is better. At the 
middle meshing position, the lubrication angle θ is close to 0˚ and the lubrication conditions is the 
worst, anti-adhesive wear ability is the worst as well. 

The obtained profiles of oil film thickness and oil film pressure at each engagement point are 
shown in Fig. 7 and Fig. 8. 

Gaussian distribution of random surface roughness model is as shown in Figure 9. 

Fig.7 The figure of instantaneous meshing 
point when oil film distribution at φ1=90˚ 

Fig.8 The figure of instantaneous meshing 
point hydraulic pressure distribution at 

φ1=90˚ 

Fig. 9 Gaussian distribution random surface 
roughness distribution 

Fig. 10 Meshing point transmission 
efficiency curve at φ1=90˚ 
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Figure 10 is the transmission efficiency curve of all the meshing points, assuming that each 
meshing point has the same effect of the entire meshing line lubrication, the final instantaneous 
transmission efficiency can be calculated by Equation (4). 

 0
1

= 84.25%
i

iη η i   (4)

5. Summary 

According to the theoretical meshing mathematical model of worm and worm gear which is 
derived from the theory of engagement and the principle of circular cylindrical worm gear, the 
instantaneous contact line trend of the worm cylinder with z1=2 is obtained and the following 
conclusions are obtained: 

(1) The distribution of the contact lines is larger at the exit of the meshing area and is slightly 
smaller at the entrance, and the contact line is the sparsest at the middle meshing area, indicating that 
the instantaneous coincidence coefficient of the exit area is the largest and the middle area is the 
smallest. 

(2) It can be seen that the lubrication angle at the exit and entrance of the contact line is larger than 
that at the middle area. The lubrication point at the contact point is equal to 0˚ at the middle area and 
has a bad influence on the wear of the worm. 

(3) The formulas of the induced curvature and the induced curvature at the meshing point between 
the worm and the worm gear are deduced. According to the establishment of the circular cylindrical 
worm dynamic pressure lubrication discretization model, the final drive efficiency is calculated to be 
84.25%, which provided a good idea for the research on the efficiency of circular cylindrical worm 
gear pair transmission, and it also has certain research significance for the experiment. 
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