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Abstract: In order to efficiently evaluate the influence of gear oil and additives on micropitting, and minimize the cost
associated with early-stage development of anti-micropitting gear oil, a four-ball testing machine, reciprocating friction
testing machine (SRV), and sliding and rolling friction testing machine (MPR) were employed. These instruments

enabled an examination of the performance of gear oil in terms of its frictional behavior and anti-micropitting
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capabilities when compared to PAO, PAO with commercially available anti-micropitting additive packages, and PAO
with universal additive packages. The effects of these three types of gear oils on micropitting were analyzed post MPR
testing. Experimental results indicated that the four-ball machine method did not effectively distinguish the differences
in micropitting among the three lubricants. However, the friction test results from the SRV under low-frequency and
heavy-load conditions aligned with the anti-micropitting performance of the three types of gear oils in real-world
applications, making it beneficial for the efficient evaluation of the tribological properties of additives. Moreover, the
MPR sliding-rolling friction test could more accurately simulate the state of micropitting under sliding rolling contact
fatigue. By employing a metallographic microscope, SEM, and a 3D profilometer to analyze the friction morphology of
the roller surface, it was concluded that the poor lubrication of the base oil had a mechanical polishing effect on the
friction pair surface, which suppressed the propagation of cracks and reduced the micropitting area to a mere 1.36%. The
inclusion of high-performance composite agents (Gear oil-1) resulted in a micropitting area of 1.45%, which was
superior to the 4.67% observed under the action of general composite agents (Gear o0il-2). In conjunction with the
elemental analysis of additives using ICP and the roller surface using XPS, the combined effect of the boron-containing
compound protective film on the friction surface and the sulfur/phosphorus additive was crucial in preventing micro-
pitting. As a result, we proposed an efficient and cost-effective method for evaluating micropitting resistance

performance, integrating SRV preliminary evaluation with MPR.
Key words: gear oil; micropitting; tribological performance
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Table 1 Experimental tester information

Tribometer Four-ball SRV®5 MPR
Appearance % -
Equipment brand Tenkey, China Optimol, Germany PCS, England
L . Ball @10 mm Roller 680 HV
Frictional pairs Ball #12.7 mm . .
Ball/disc 61 HRC~65 HRC Ring 780 HV

Note: the images are sourced from the official website
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Table 2 Experimental conditions for SRVS

Test conditions Temperature/C Load Frequency/Hz Amplitude/mm Duration/min
Load stage 60 100 N/2 min 25 2 -
Differ-frequency 60 200N 5,25 0r 50 2 30
Endurance stage .
Differ-load 60 100, 200 or 300 N 5 2 30
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Table 3 Basic physicochemical indicators of gear oil
Parameters Base Oil Gear Oil-1 Gear Oil-2 Test method
Viscosity (40°C)/(mm2/s) 153.3 152.9 152.6 GB/T 265
Copper corrosion grade (100 °C, 3 h) la la la GB/T 5096
S <1 3361 4598
Element content/parts per million (ppm) P <1 368 269 GB/T 17476
<1 59 <l
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Table 4 Test results of four ball machine

Parameters Base oil Gear o0il-1 Gear oil-2
Pg/N 755 1570 1500
Pp/N 1236 2453 2453

o . Condition 1 0.084 0.079 0.090

Average friction coefficient .
Condition2  0.082 0.076 0.058
Condition 1 0.716 0.321 0.302

Condition2  0.785 0.337 0.318

Wear scar diameter/mm
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Fig. 1 Friction coefficient curves for extreme pressure
performance testing of Base Oil, Gear Oil-1 and Gear Oil-2
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Fig.2 (a) Wear volume and friction coefficient curves of Base oil, Gear oil-1 and Gear oil-2
at different frequencies under (b) 5, (c) 25 and (d) 50 Hz

B2 Base oil. Gear oil-1f1Gear oil-27E R FARZ N 1) () BHAF K (b) 5+ (c) 25F1(d) 50 Hz2k 14 ¥ B 52 R it 2k

200 0.3
@ I Base oil (b) B X
. ase oil
B Gear oil-1 G i1
% Bl Gear oil-2 ear oil-
£150 - ‘5 Gear oil-2
f S02}
S g
2100} S
£ s
=) =]
z 201
§ s0f =
=
100N
0 0_0 1 1 1 1 1
100 200 300 0 300 600 900 1200 1500 1800
Load/N Time/s
0.3 0.3
c d
( ) Base oil ( ) Base oil
Gear oil-1 Gear oil-1
E Gear oil-2 E Gear oil-2
202 S 0.2
g g
=] =]
< ]
g g
Eoa - 2.1 EU,-—
= =
200 N 300 N
0_0 1 1 1 1 1 0_0 1 1 1 1 1
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800
Time/s Time/s

Fig. 3 (a) Wear volume and friction coefficient curves of Base oil, Gear oil-1 and Gear oil-2
at different load under (b) 100, (c) 200 and (d) 300 N
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Fig. 5 Optical micrographs , micropitting software processed images and SEM micrographs of roller surfaces
corresponding to (a, al,a2) Base oil, (b, bl,b2) Gear oil-1 and (c, c1,c2) Gear oil-2 after MPR testing
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Fig. 6 Three-dimensional morphology and roughness curves of the wear regions on the rollers lubricated by
(a, al) Base oil, (b, bl) Gear oil-1 and (c, c1) Gear o0il-2 after MPR testing
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Fig. 8 (a, b, c) Four ball wear pattern micrographs and (d) friction coefficient, (al, b1, c1) three-dimensional morphology
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