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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 first phase of the 

experiment. The second phase - abrasion and scuffing 

tests - is described in another paper by the authors 

submitted to the ASIATRIB2018 Conference: “The 

correlated selection of a thin coating and gear oil to 

increase the resistance of 18CrNiMo7-6 gears to abrasion 

and scuffing. Part 2.” 

 

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]. As the study [3] shows, it is 

also important to select a proper oil to lubricate the coated 

parts. However, another form of dangerous wear - pitting 

- may be accelerated when the coating is used [4,5]. 

The paper presents a method of the correlated 

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

increase the resistance to pitting of rolling samples at 

high loading. 

 

2. METHODOLOGY 

2.1 Test method 

A modified four-ball pitting tester was used, where 

the top ball was replaced with a cone, because the cone 

can be made of any engineering material, while the 

choice of the material for the bearing ball is limited. The 

tested tribosystem is shown in Figure 1. 

 

 
 

  

Figure 1 Cone-balls tribosystem. 
 

The tribosystem consists of the three balls (2) that 

are free to rotate in the special race (3) and pressed at 

the required load P against the cone (1). The cone is 

fixed in the chuck, and it rotates at the defined speed n. 

The contact zone of the balls is immersed in the oil. The 

holder of the race (3) is equipped with a heater. The 

initial temperature of the oil was set up at the level of 

70°C. 

The pitting test was performed according to IP 300 

standard (the standard was issued by the UK-based 

Institute of Petroleum). Test conditions were as follows: 

rotational speed 1450 rpm, applied load 3924 N (400 

kgf), run duration until pitting occurs, and the number 

of runs 24. Only those runs were accepted for which 

pitting occurred on the cone. In each run, the time to 

pitting failure occurrence was measured. 

After test completion, the 24 values (failure times) 

were plotted in Weibull coordinates. Then, the fatigue 

life L10 was read off, which expresses the resistance to 

pitting. The value of L10 represents the life at which 

10% of a large number of test balls would be expected 

to have failed. 

 

2.2 Tested materials 

The test cones were made of 18CrNiMo7-6 case 

hardening steel, which is the material intended for the 

gears in mining conveyors. The hardness was 62 HRC 

and roughness was Ra = 0.2 mm. The balls and race were 

made of 100Cr6 bearing steel. 

Two types of thin, low friction coatings were 

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

deposited by the Oerlikon Balzers Coating Poland on 

one sample, i.e. on the cones, 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. 

The microstructure of the coatings revealed during 

qualitative GDOES analysis is shown in Figures 2 

and 3. 

The W-DLC coating represents an a-C:H:Me group. 

Figure 2 shows that the coating consists of an elemental Cr 

adhesion layer adjacent to the steel substrate, followed by the 

WC layer, and then the WC/C layer, i.e. alternating lamellae 

of WC and a hydrocarbon layer doped with tungsten.  

The CrN-DLC coating is the modification of the 

former one. Figure 3 shows that the coating consists of 

three main layers: CrN at the substrate, WC, and then 
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WC/C.  The CrN layer is very ductile and gives 

excellent support properties in cyclic loaded contacts. 

The basic properties of the W-DLC and CrN-DLC 

coatings are the following, respectively: thickness 1 and 

2 mm, adhesion in scratch test 90 and 101 N, 

nanohardness 15.5 and 16 GPa, roughness Ra 0.12 and 

0.12 mm, and roughness Rz 0.92 and 1.07 mm. 

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. 
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Figure 2 GDOES depth profile of W-DLC coating. 
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Figure 3: GDOES depth profile of CrN-DLC coating. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Selection of the coating 

In the first step, an effect of the coating was tested. 

For this purpose, only the mineral oil was used for 

lubrication. 

The results obtained for the three material 

combinations are presented in Figure 4. 
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Figure 4 L10 Fatigue Lives for the material 

combinations. 

 

As can be observed, when the thin, low friction 

coating is deposited on one sample, the resistance to 

pitting drops significantly. However, the CrN-DLC 

coating shows much higher fatigue life than W-DLC. 

Thus, for further experiments, the CrN-DLC coating 

was suggested. Its basic properties after deposition in 

the next process were the following: thickness 4.2 mm, 

adhesion in scratch test 151 N, nanohardness 12 GPa, 

roughness Ra 0.09 mm, and roughness Rz 1.04 mm. Thus, 

there was a difference in some coating properties 

deposited in two processes. 

 

3.2. Selection of the gear oil 

In the second step, an effect of the gear oil was 

tested for lubrication of the samples with the CrN-DLC 

coating. 

The results obtained for the three gear oils are 

presented in Figure 5. 
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Figure 5 L10 Fatigue Lives for the gear oils; M, PAO, 

PAG - type of the base of the gear oil. 
 

As can be observed, when the thin, low friction 

coating is deposited on one sample, the resistance to 

pitting drops significantly, irrespective of the oil used. 

It is also shown that the mineral and PAG oils 

exhibit similar resistance to pitting. The PAO oil gives 

slightly worse results, but it exhibits a high viscosity 

index, which is desired in the very extreme conditions 

of working of mining conveyors. Thus, for the second 

phase of the experiment (abrasion and scuffing tests), all 

of the oils were suggested. 

 

4. CONCLUSION 

In spite of the lower resistance to pitting given by 

the coatings, the predominant mode of the destruction of 

gears in mining conveyors is abrasive wear. However, 

the results of the first phase of the experiment indicate 

that the CrN-DLC coating seems more preferable from 

the point of view of the resistance to pitting. As 

concerns the gear oils, all of them will be tested in the 

decisive, abrasion and scuffing tests, which are 

presented in another paper by the authors, mentioned in 

Abstract. 
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