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ANALYSIS OF LUBRICATION CONDITIONS FOR ANGLE 

PLANETARY GEARBOXES APPLIED IN MINING SCRAPER 

CONVEYORS 
 

Summary. The paper presents calculations of the relative oil film value for the 

meshing of angle planetary gearboxes used in mining scraper conveyors. 

Calculating the value of this parameter was made using methodology that was 

compliant with ISO/TR 15144-1: 2014 (E). As a result of the analysis, it was 

found that exploitation of mining gears takes place under boundary or mixed 

lubrication conditions, with oil viscosity and surface roughness having a 

significant influence on these conditions. 

Keywords: scraper conveyor, planetary gear, wear, lubrication 

 

 

1. INTRODUCTION 

 

The main purpose of lubrication [1] is to transform the friction of external contacting 

elements into the friction inside the lubricant layer. The formation of a relatively permanent 

layer that separates mating surfaces may be caused by physisorption of polar particles on 

friction surfaces, chemisorption of small boundary layers generated as a result of 

tribochemical processes, or by hydrodynamic or elasto-hydraulic effects. 
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With respect to elements of gearboxes, such as gear wheels, it is essential to create, under 

conditions of elasto-hydraulic lubrication (a diagram of the elasto-hydrodynamic contact zone 

of involute profile teeth, along with a specification of the actual surface deformation, is 

presented in Figure 1), a layer that separates mating surfaces in order to ensure their high 

operating durability. The thickness of this layer is characterized by a certain parameter, i.e., 

the minimum design thickness of the lubricant layer, hmin (also referred to in this paper as the 

oil film thickness). This parameter is characterized by the size of the lubrication gap formed 

as a result of the action of the load and the movement of mating surfaces (Figure 2). The 

thickness of this layer depends on a number of design and operational factors, as well on the 

parameters of the lubricant (this problem is described in more detail in the next section). 

Lubrication conditions depend not only on the thickness of the lubricant film, but also on the 

roughness of mating surfaces.  

 

 
 

Fig. 1. The zone of the elasto-hydrodynamic contact of the teeth, taking into account the 

actual deformation of the surface (a), pressure distribution (c) and temperature (d) in the 

lubricant layer against the Hertzian distribution of static pressures (e); designations: ω1, ω2 – 

angular velocities of gear wheels, v1, v2 – tangential velocities in the contact zone, Fn – 

normal teeth load, bH – width of the elastic Hertzian deformation  

 

 

The parameter characterizing the degree of separation of mating surface irregularities, 

and thus the type of friction occurring between these surfaces, is the relative thickness of the 

oil film, λ, determined by the following relationship: 

 

       (1) 

 

where Rq1,2   is the surface roughness (RMS). 
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Fig. 2. Pressure distribution pEHD and the shape of the lubrication gap h in the elasto-

hydrodynamic contact (EHD) between surfaces and the lubricant [1] 

 

The parameter Rq can be determined from the following formula [5]: 

 

      (2) 

 

Boundary lubrication occurs when the parameter λ ≤ 1. A mixed friction occurs for the 

following range of the oil film thickness: 1 <λ <3. In turn, in the range of values λ = <3,10>, 

conditions for liquid lubrication EHD are generated (a comprehensive description of the 

theory of the elasto-hydrodynamic lubrication EHD can be found in [5]), which are 

characterized by the occurrence of an oil film layer with a thickness exceeding the surfaces’ 

irregularities. Above the relative value of the oil film thickness λ> 10, liquid friction (HD) 

occurs [2-4]. 

 

 

2. ASSUMPTIONS FOR CALCULATIONS AIMED AT DETERMINING 

THE MINIMUM THICKNESS OF THE LUBRICANT LAYER 

 

In this study, the method described in the ISO/TR 15144-1: 2014 (E) [6] standard, which 

is based on the Dowson and Higginson studies [3], was used to calculate the minimum 

thickness of lubricant layer hmin. 

In this method, Equation (2) takes the following form: 

 

   (3) 

 

where R’ is the radius of curvature, U is the speed parameter, W is the load parameter, G is 

the material parameter and S is the temperature parameter. 

 

In ISO/TR 15144-1: 2014 (E), the calculations of the relative value of the oil film 

thickness λ are only carried out for five characteristic points on the engagement section 

(Points A, B, C, D and E). For this study, it has been assumed that the values of the oil film 

thickness are to be determined for 106 other points of the engagement section.  

In order to determine the minimum thickness of the lubricant layer, hmin, geometrical 

parameters of the teeth of the spur gear stage of a right-angle planetary gearbox (with the gear 
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ratio i=39; Figure 3), used in mining armoured face conveyors (Table 1 summarizes the 

geometrical parameters of the teeth), and the load values corresponding to the power of 

driving motors (250, 315 and 400 kW; Table 2 shows the values of torque and rotational 

speed for this stage depending on the power of the driving motor) were adopted for the 

calculations. In addition, a decision was made to perform calculations for mineral oils in the 

range of viscosity classes VG68–VG460 (Table 3 summarizes the parameters of these oils) 

and for the range of surface roughness Ra=0.15-2 μm.  

 

 
 

Fig. 3. A view of the right-angle planetary gearbox used in the drive of mining armoured face 

conveyors 

 

 

Tab. 1 

Parameters of the gear wheels subjected to various technological processes 

Parameter Symbol Pinion Gear wheel 

Number of teeth z 23 67 

Module pitch, mm m 7.5 

Pressure angle, ° α 20 

Teeth width, mm b 120 120 

Tooth root filled radius ρ 0.380·m 

Accuracy class - 6 

 

 

Tab. 2 

Basic geometrical parameters of gear wheels of the right-angle spur planetary gearbox 

Driving motor power, kW 250  315  400  

Input torque of the gear stage, Nm 5,760 7,255 9213  

Input rotational speed of the gear stage, RPM 414  
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Tab. 3 

List of parameters characterizing the examined mineral lubricating oils   

Viscosity grade of oil 
Kinematic viscosity 

at 40°C, mm2/s (cSt) 

Kinematic viscosity 

at 100°C, mm2/s 

(cSt) 

Density at 15°C, 

kg/m3 

VG68 68 8,7 887 

VG100 100 11,4 891 

VG150 150 15,0 887 

VG220 210  18,5 895 

VG320 320 25,0 903 

VG460 460 30,8 904 

 

 

3. CALCULATION RESULTS 

 

When analysing possible solutions for the technical and economic problems mentioned, 

the calculation results concerning the relative value of the oil film thickness λ, as a function of 

the position of gear wheels of the gearbox on the engagement section, are as presented in 

Figure 4.  

When analysing the curve presented in the figure above, it can be concluded that the 

smallest values of the λ parameter are observed at a single-tooth engagement point (Point B) 

of the engagement section. The lubrication conditions of the gearbox just at this point of the 

engagement section were adopted for the purposes of further analysis. Figure 5 shows plots of 

the relative oil film thickness λ, as a function of the power of the driving motor, and the 

viscosity grade determined for the roughness Ra=0.4 μm, while the plots in Figure 6 refer to 

the roughness Ra=0.8 μm. 

Figure 7 presents plots of the relative oil film thickness λ, as a function of the surface 

roughness, and the viscosity grade determined for the driving motor power P=315 kW.  

Taking into account the results presented in Figures 5-7, the following observations can 

be made: 

- The relative thickness of the oil film determined for the roughness Ra = 0.8 μm, regardless 

of the load and type of oil, takes the values lower than 1 (λ <1)  

- The relative thickness of the oil film determined for the roughness Ra=0.4 μm, for the 

majority of the load and oil values considered, takes values lower than 1 (λ <1); values λ> 

1 are observed only for the motor power range P=50-150 kW, and for the oil with the 

viscosity grade VG460, as well as for the motor power P= 0 kW and for the oil with the 

viscosity grade VG320 

- The relative thickness of the oil film determined for the motor power P=315 kW, for the 

majority of the load and oil values considered, takes values lower than 1 (λ <1); values λ> 

1 are observed only for the viscosity grades VG150-460 and for the roughness Ra=0.15 

μm, as well as for the oil with the viscosity grade VG460 and for the roughness Ra=0.25 

μm 
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Fig. 4. The plot of the relative oil film thickness λ as a function of the position on the 

engagement section for the second stage of the right-angle spur planetary gearbox  

(the results obtained for motor power P=315 kW, viscosity grade VG320 and roughness 

Ra=1 μm) 

 

 

 
 

Fig. 5. Plots of the relative oil film thickness λ at Point B of the engagement section as a 

function of the power of the driving motor and the viscosity grade (the results obtained for  

Ra=0.4 μm) 
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Fig. 6. Plots of the relative oil film thickness λ at Point B of the engagement section as a 

function of the power of the driving motor and the viscosity grade (the results obtained for  

Ra=1 μm) 

 

 

4. SUMMARY  

 

Around the world, research is being carried out to improve the durability and reliability 

of machine parts [7-22]. 

As a part of this study, the lubrication conditions of a typical mining gearbox used in 

drives of longwall armoured face conveyors were determined using a modified calculation 

method based on the ISO/TR 15144-1:2014 (E) standard. The spur gear stage of a KPL-25 

gearbox with the gear ratio i=39 was subjected to analysis. The values of the relative oil film 

thickness λ were determined as a function of the position on the engagement section. Based 

on the plot, it has been found that the smallest values of the parameter λ are at the single-tooth 

engagement point (Point B) on the engagement section. 

For single-tooth engagement Point B on the engagement section, the values of the relative 

oil film thickness λ were determined as a function of load, oil viscosity grade and roughness.  

The scope of the analytical work carried out allowed for the following conclusion to be 

made: the gearbox under consideration operates unfavourable conditions of boundary 

lubrication; only in some cases is it possible to create mixed lubrication conditions.  

Based on the data presented, it is also possible to formulate a general recommendation to 

take into account the operating conditions of gearboxes at the design stage and select 

appropriate technological means, which ensure the best-possible lubrication conditions. 
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Fig. 7. Plots of the relative oil film thickness λ at Point B of the engagement section as a 

function of the roughness and the viscosity grade (the results obtained for power P=315 kW) 
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