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ABSTRACT – The paper presents a method of the 

correlated selection of a substrate material, coating, and 

gear oil, by using simple (model) specimens. The final 

aim is to increase the life of planetary gears of mining 

conveyors. The paper regards the second phase of the 

experiment. The first phase - pitting tests - is described 

in another paper by the authors submitted to 

ASIATRIB2018 Conference: “The correlated selection 

of a thin coating and gear oil to increase the resistance 

of 18CrNiMo7-6 gears to pitting. Part 1.” 

 

1. INTRODUCTION 

Chain and belt conveyors working in coal and 

open pit mines are exposed to very harsh conditions, 

limiting the life of gears. 

One of the ways to increase the life of gears in 

mining conveyors is the deposition of thin coatings on 

gear teeth, as stated in the previous study [1]. In another 

study, one can find information on the successful 

application of coatings to reduce the tendency of gears 

to abrasion and scuffing [2], but it is also important to 

select a proper oil to lubricate the coated parts, as in the 

study [3]. 

The paper presents a method of the correlated 

selection of a substrate material, coating, and gear oil to 

increase the resistance to abrasion and scuffing of 

sliding samples at high loading. 

 

2. METHODOLOGY 

2.1 Test method 

A pin and vee block tester wasemployed for 

research on abrasive wear and scuffing. The tested 

tribosystem is shown in Figure 1. 
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 Figure 1 Pin and vee block tribosystem. 

 

The tribosystem consists of the vee blocks pressed 

at a constant or increasing load P against the pin that 

rotates at the constant speed of n (290 rpm), driven by 

the test shaft through the shear pin inserted in the hole. 

The friction contact is lubricated by the oil poured into 

the reservoir, equipped with a heater, where the contact 

area is immersed. The initial temperature of the oil was 

set up at the level of 70°C, which corresponds to the 

temperature expected in the gears of mining conveyors.  

The abrasion test was carried out according to 

ASTM D 2625, Procedure A. Failure is indicated by a 

sharp torque rise of 1.13 Nm above the steady-state 

value, or the breakage of the shear pin, or the inability 

to maintain the load, or exceeding 10 000 s of the total 

time excluding the 3-min run-in, i.e. 164 min. 

The resistance to abrasion is expressed by the 

endurance (wear) life. It was adopted that a minimum of 

3 test runs constitute the final result. 

The scuffing test was carried out according to 

ASTM D 3233, Method A. Failure is indicated by 

breakage of the shear pin or the test pin. 

The resistance to scuffing is expressed by the load 

at failure or a maximum attainable load. It was adopted 

that a minimum of 4 test runs constitute the final result. 

 

2.2 Tested materials 

The test samples were made of 18CrNiMo7-6 case 

hardening steel, which is the material intended for the 

gears in mining conveyors. The hardness of this material 

was 62 HRC and roughness was Ra = 0.2 m. 

Two types of thin, low friction coatings were 

tested: W-DLC and CrN-DLC. The coatings were 

deposited only on the vee blocks, because, in the 

planetary transmissions of mining conveyors, only 

planetary pinions will be coated, leaving the ring and 

sun gears uncoated. In that way, three material 

combinations were achieved: (W-DLC)-steel, (CrN-

DLC)-steel, and steel-steel for reference. 

More information on the coatings is presented in 

another paper by the authors mentioned in Abstract. 

For lubrication, commercial industrial gear oils 

were used. They were a mineral oil, and two synthetic 

ones, i.e. one with a PAO base and one with a PAG 

base, all with the viscosity grade of VG 320. Such oils 

are used to lubricate gears of mining conveyors. 

 

3. RESULTS AND DISCUSSION 

3.1. Selection of the coating 

In the first step, the coating was selected. For this 

purpose, only the mineral oil was used for lubrication. 

The results obtained in abrasion tests for the three 

material combinations are presented in Figure 2. 
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Figure 2 Endurance (wear) lives obtained in abrasion 

tests. 

 

As can be observed from Figure 2, when the thin, 

low friction coating is deposited on the vee block, the 

resistance to abrasion notably rises. 

The results obtained in scuffing tests for the three 

material combinations are presented in Figure 3. 
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Figure 3 Loads at failure obtained in scuffing tests. 

 

As can be observed from Figure 3, when the thin, 

low friction coating is deposited on the vee block, the 

resistance to scuffing significantly rises. 

As in the abrasion tests, no significant differences 

between the coatings were found because the 

confidence intervals overlap each other (Figure 3). 

For further experiments, a CrN-DLC coating was 

selected. The decisive reason was that the CrN-DLC 

coating shows much higher resistance to pitting than W-

DLC. The results of that test are presented in another 

paper by the authors mentioned in Abstract. 

 

3.2. Selection of the gear oil 

In the second step, the gear oil was selected to 

lubricate the samples with the CrN-DLC coating. 

The results obtained in abrasion tests for the three 

gear oils are presented in Figure 4. 

As can be observed from Figure 4, for the three gear 

oils lubricating (CrN-DLC)-steel tribosystem, the 

resistance to abrasion notably rises in comparison with 

the reference samples, i.e. the steel-steel tribosystem 

lubricated with the mineral oil. The mineral and PAO oils 

give the same results. PAG oil gives the worst result. 

The results obtained in scuffing tests for the three 

gear oils are presented in Figure 5. 

As can be observed from Figure 5, for the three 

gear oils lubricating (CrN-DLC)-steel tribosystem, the 

resistance to scuffing significantly rises in comparison 

with the reference samples. The highest resistance to 

scuffing is given by the mineral and PAO oils. Similarly, 

to the behaviour during abrasion tests, PAG oil gave a 

worse result. 

For final verification experiments (on spur gears), 

PAO oil was selected for the lubrication of the (CrN-

DLC)-coated 18CrNiMo7-6 pinion meshing the uncoated 

wheel. The decisive reason was that PAO base oil 

exhibits a much better viscosity index than mineral oils. 
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Figure 4 Endurance (wear) lives obtained in abrasion 

tests; M, PAO, PAG - type of the base of the gear oil. 
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Figure 5 Loads at Failure obtained in scuffing tests. 

 

4. CONCLUSIONS 

For final verification experiments on spur gears 

made of 18CrNiMo7-6 case hardening steel, the CrN-

DLC coating was selected. For lubrication of such a 

material combination, the synthetic industrial gear oil 

with PAO base was chosen.  

The final aim is to improve the durability and 

reliability of the planetary transmissions in mining 

conveyors. 
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