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Research Goal: The goal of this research project is to evaluate the ability of these nanocrystalline 
metal oxides as additives in lithium complex greases to mitigate rotational and translational fretting 
wear in rolling bearings. To do so, grease characterization tests via cone penetration, bleed rate 
test and rheology tests were performed. Two tribological tests consisting of a high frequency 
reciprocating rig, to study translational fretting wear, and a modified Fafnir test, to study rotational 
fretting wear, were used. 
 
Motivations for Research: Greases are ubiquitously utilized in sealed rolling element bearings. 
When the bearings experience continuous rotational motion, adequate lubricant films are usually 
generated between the rolling elements and the raceways.  However, during periods when 
rotational motion is interrupted, intimate contact between the asperities on the rolling elements 
and the raceways can occur. If the bearing is subjected to vibrations or low amplitude oscillations 
during these non-rotational periods, fretting-type wear of the raceways can occur. Application 
examples where grease-lubricated bearings experience a significant amount of fretting wear are 
wheel bearings of vehicles during periods of rail transport, low amplitude axial oscillations in 
roller bearings, and pitch and yaw bearings in 1.5 MW wind turbines. The fretting wear can be 
created through rotational, translational, or a combination of motions.  
 
Strategies to Mitigate Fretting Wear in Rolling Bearings: Based upon previously published work 
from TESL (Figure 1), two strategies were selected to investigate: enhanced oil bleed and nano-
scale solid additives.  Commercially available, Grade 2 Lithium Complex synthetic greases (100, 
220, and 460 cSt) were selected for the study. Two concentrations of synthetic base oils (1% and 
5%) with identical viscosities as the grease base oils were added.  The 5% weight limit was chosen 
to maintain Grade 2 greases. Three commercially available nanocrystalline solid additives (CuO, 
ZrO2, and ZrO) were added (1% by weight) to the greases. Grease characterization methods 
(ASTM D6185 and ASTM D1403) were employed to quantify the bleed rate and consistency of 
the greases.  Additionally, rheological measurements were performed to investigate if the added 
oil or nanoparticles affected the theological properties of the baseline greases. Translational 
fretting measurements were performed using a high frequency reciprocating tribometer utilizing a 
pin and disk configuration.  Fretting from rotational motion was created using a modified Fafnir 
rig that was developed at TESL and previously reported. Two bearing types were selected for the 
testing: a thrust ball bearing and a tapered roller bearing. Fretting wear volumes were measured 
using 3D optical interferometry and correlated with mass loss measurements. 
 



  
Figure 1: Effect of solid additives (left) and bleed rate (right) on translational and rotational fretting wear, respectively.  LiX, 
CS, and PU indicate lithium complex, calcium sulfide, and polyurea based greases. 

 
 
 
Project Results:  

• The baseline, enhanced bleed, and solid additive greases displayed the same consistency 
with an NLGI grade of 2. (Figure 2) 

• Whereas rheological results showed that the solid additives did not significantly affect the 
flow properties of the grease, the addition of base oil did. 

• Enhanced bleed rates had little effect on wear from translational motion.  Increasing the 
bleed rate with 5% added oil reduced fretting wear from rotational motion.  

• The incorporation of ZrO nanoparticles inhibited the static oil bleed, and negatively 
affected the performance in wear tests. 

• CuO nanoparticles added to the grease reduced fretting wear arising from translational as 
well as rotational motion.  

• ZrO and ZrO2 nanoparticle additions caused increased wear in both translational and 
rotational motion. 

 
Comments and Conclusions: 

• The fixtures used on the modified Fafnir had a small amount of misalignment, which was 
significantly harmful to the tapered roller bearings.  During testing, the misalignment 
caused the fracture and galling of the tapered rollers at the cone rib face. So, we were unable 
to test the tapered roller bearings in rotational motion. To address this limitation, new 
fixtures can be designed and fabricated. 

• The solid additives that were purchased were significantly larger than the specified grain 
sizes. It seems probable that the high wear rates seen with the ZrO and ZrO2 nanoparticles 
in both translational and rotational motion were caused by the abrasiveness of 3rd body 
particles.  Smaller nanoparticles may produce significantly different results. ZrO2 
nanoparticles with sizes less than 10 nm are currently being tested to test this hypothesis. 

• Although the sizes of the CuO were like the other oxides, the higher ductility of the CuO 
material probably accounts for the more beneficial results of CuO. 



• Based upon the results of this project, the addition of 5% CuO by weight to these greases 
would be beneficial in reducing fretting type wear in rolling bearings that are subjected to 
either rotational or translational oscillatory motion.  

  
 

 
Figure 2: Bleed rate results. 

 

Figure 3: Rheological results 



 
Figure 4: Translational fretting results. 

 

 
Figure 5: Rotational fretting results. 

 
 
 
 


