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Abstract: Rolling element bearings lubricated by greases represent the most used mechanical components 
in industry, thus the total volume of energy required to overcome their friction is enormous. Even small 
improvements can provide considerable savings. To reach these improvements, it is necessary to understand 
all the processes in the bearing, and especially those that take place in contacts of rolling elements. So far, 
most of the research was done on tribometers employing a ball-on-disc configuration. Tests on such devices 
are easy to perform but differ from conditions of actual bearings in some important aspects such as a 
contact geometry, presence of cage, number of contacts, spin motion of rolling elements, or action of 
centrifugal and capillary forces. The aim of this experimental study is to refer about film thickness during the 
initial running phase of simulated thrust rolling bearing and to reveal some patterns of lubricant behaviour 
for different conditions and greases. Measurements were carried out on unique apparatus of simulated 
thrust rolling bearing using optical methods with high speed camera. Results showed that the ball-on-disc 
configuration does not completely correspond to behaviour of actual bearings, mostly in terms of starvation 
and replenishment of grease. Multiple contacts in succession of simulated bearing do not tend to starve so 
rapidly and seriously during experiments as is presented in literature for ball-on disc configuration under 
similar conditions. 
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1. INTRODUCTION 
 

The main purpose of rolling element 
bearings is to reduce friction between two 
parts of different angular velocity. Holmberg 
et al. reported in 2017 [1] that 23% of total 
energy consumption is attributed to the 
operation of these tribological elements due 
to their wide application across the world. 
Majority of the rolling bearings operates in the 
EHL regime. This regime is described as a type 
of hydrodynamic lubrication where large 
contact pressure causes elastic deformations 
of contacting bodies and changes in viscosity 

of the lubricant [2]. Since the 1950s, a huge 
progress has been made in field of EHL regime. 
Satisfactory agreement between predictions 
and experimental results was reached. 
However, this achievement is limited to the 
cases including steady-state conditions, 
Newtonian fluids, and perfectly smooth 
surfaces [3]. 

Almost all rolling bearings (about 95%) are 
lubricated by greases. Even nowadays, it is still 
not possible to reliably predict grease 
behaviour in the bearing contacts as greases 
have complex (non-Newtonian, thixotropic) 
rheology. Experimental studies published on 
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grease lubrication were performed mainly on 
ball-on-disc simulators [4-9] while there is only 
a few papers involving full-scale bearing 
simulators [10-13] which were focused 
principally on resulting bearing torque not on 
film thickness formed in bearing contacts. 

Considering the limited scope of the article 
and the complexity of grease lubricated 
bearings, it is impossible to include a 
qualitative and quantitative description of all 
the effects occurring in the bearings in one 
study. The aim of this paper is to provide a 
fundamental insight into the film thickness 
trends during the initial running of grease 
lubricated thrust rolling bearing and to point 
out the differences with the ball-on-disc 
simulator, whose results are often 
misunderstood as the behaviour of grease in 
actual bearings. 

 
2. MATERIAL AND METHODS 
 

Experiments were performed on a unique 
apparatus involving 51220 thrust ball bearing, 
see Fig. 1. One steel washer of the bearing was 
replaced by a glass (BK7) disk to enable direct 
optical observation of grease film distribution. 

 

Figure 1. Full thrust ball bearing simulator 

Film thickness was evaluated via the 
method of colorimetric interferometry [14,15]. 
Experiments were carried out under room 
temperature. Two industrial greases MOGUL 
LV 2-3 and LVS 3 were used as lubricants. 
Details of greases used in the experiments are 
summarized in Table 1. 

Table 1. Details on used lubricants 

Grease LVS 3 LV 2-3 

Base oil mineral 

Base oil viscosity at 40 °C 
(mm2/s) 

110 50 

Thickener Li soap 

NLGI grade 3 2-3 

 
Load of 20 N per ball contact was applied in 

the experiments performed on bearing 
simulator while 35 N was used on a 
ball-on-disc simulator (for more details on this 
simulator, see Ref. [15]) to ensure the same 
contact pressure. For comparison of starved 
and fully flooded (FF) film thicknesses, a film 
thickness of grease LVS 2-3 under FF 
conditions was estimated by means of 
Hamrock-Dowson film thickness formulas [16]. 
 
3. RESULTS AND DISCUSSION 
 

Firstly, experiment with LV 2-3 grease was 
conducted on the ball-on-disc simulator for 
entrainment speed ranging from 0.05 to 
0.8 m/s under FF conditions.  

 

Figure 2. Central film thickness of LV 2-3 grease on 
ball-on-disc (fully flooded) and bearing simulator 

(2 g of grease) 

Figure 2 compares the thickness curve from 
the ball-on-disc with the thicknesses obtained 
on bearing simulator. Before tests, 2 g of 
grease were applied on the disc. Film thickness 
was measured after 10 minutes of running at 
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each speed. Film thickness in the bearing 
contacts was very close to the FF conditions at 
speeds up to 0.5 m/s where more pronounced 
starvation occurred.  Beyond this point, 
bearing replenishment mechanisms ceased to 
be sufficient and were overcome by loss 
mechanisms causing reduction in film 
thickness by 20%. 

For the same bearing conditions at fixed 
speed of 0.5 m/s, where a more pronounced 
deviation from FF thickness was found, a time 
test lasting 3 hours was curried out to study a 
development of film thickness during this period. 
Results for LV 2-3 and LVS 3 are shown in Fig. 3.  

 

Figure 3. Film thickness development of LV 2-3 and 
LVS 3 at 0.5 m/s, 20 N/contact and corresponding 

interferograms with highlighted film meniscus 

Measured film thicknesses of LV 2-3 are 
accompanied by corresponding interferograms 
of the circular contact and Hamrock-Dowson 
estimation of film thickness under FF conditions. 
The estimated thickness was calculated 
according to immediate conditions in the 
bearing thus it was reduced during the test as 
temperature increased in the bearing. The total 
temperature rise by 3 °C caused drop in the 
estimated film thickness by 10%. However, 
overall reduction in the measured film thickness 
of LV 2-3 was 17% with evident presence of film 
meniscus (air/lubricant interface) in front of the 

contact. The meniscus fluctuated (especially in 
the case of LVS 3 grease as seen in film thickness 
variations) and slightly approached to the 
contact during the time test. Nevertheless, it did 
not influence the film thickness significantly. The 
most distinctive decline in film thickness 
occurred during the first 30 minutes of bearing 
running for both the greases. 

All these observations suggest that most of 
the film reduction in bearings is given due to 
temperature rise rather than by starvation 
itself during initial phase of its running. On the 
other hand, similar conditions was previously 
studied by Cann [4] on ball-on-disc simulator 
where a grease-lubricated circular contact 
without artificial replenishment began to 
starve very quickly and seriously despite 
precisely controlled temperature. For this 
reason, there seems to be a strong 
discrepancy in the results obtained on the 
ball-on-disc and full bearing simulators. 

Further, more comparable experiments 
were performed to exclude influences of 
different lubricants, conditions, and 
experimental methodologies employed in this 
and Cann’s study [4] on the discussed results. 
Film thickness behaviour of grease LV 2-3 was 
assessed at three rolling speeds of 0.1, 0.3, and 
0.5 m/s on both simulators (ball-on-disc and full 
bearing) under starved conditions. In both the 
cases, 2 g of grease were applied on the disc 
before each test and no artificial mechanism of 
contact replenishment was involved. 

It was observed that significant starvation 
occurred immediately after the start of the 
test on ball-on-disc simulator (see Figure 4) for 
all the speeds. Reduction of film thickness by 
about 80% from FF value to a certain stable 
level took only 30 seconds for speeds of 0.3 
and 0.1 m/s where the film meniscus got at 
the contact boundary. It is worth noting that 
the film development differs for the high 
speed of 0.5 m/s where film thickness 
fluctuated dramatically and meniscus position 
was often out of the observable area. The 
average film thickness decline was around 65% 
compared to FF conditions. More pronounced, 
even if unstable, mechanism of replenishment 
was triggered by this speed. 
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Figure 4. Film thicknesses of LV 2-3 measured on 
ball-on-disc simulator (symbols) with 
corresponding FF estimations (lines) 

 

Figure 5. Film thicknesses of LV 2-3 measured on 
bearing simulator (symbols) with corresponding FF 

estimations (lines) 

Notwithstanding, specific origin of this 
phenomena is unknown. No substantial 
changes were detected in lubricant 

temperature or test rig vibrations that could 
accelerate refilling of contact running track by 
the lubricant. 

Compared to the ball-on-disc results, 
starvation was very mild on bearing simulator 
despite the much longer duration of the tests 
(2 hours), as illustrated in Figure 5. Starvation 
led to a decrease in film thickness by 
approximately 50 nm regardless of used speed. 
Relative decreases in thicknesses were 30, 
18.5, and 11.5% of FF values for individual 
speeds sorted from the lowest to the highest. 
A temperature rise in the bearing was 
responsible for one-third of the decline. 

 
4. CONCLUSIONS 

 
The present work was focused on the 

comparison of film thicknesses formed in the 
contacts of grease-lubricated thrust rolling 
bearing and ball-on-disc simulator under 
various conditions. 

It was shown that thrust bearings are 
capable to maintain a film thickness close to 
the fully flooded conditions (without severe 
starvation) according to bearing speed, even 
though they are lubricated by greases. Not 
negligible part of the film thickness reduction 
in bearings can origin from bearing heating 
rather than from starvation process, especially 
during the first hours of bearing running. On 
the contrary, if no artificial replenishment 
mechanism is involved in the ball-on-disc 
simulators during tests with greases, 
significant starvation usually takes place within 
a few seconds when film meniscus reaches the 
contact boundary.  

From the above results it is evident that 
the consequences of grease starvation and 
replenishment mechanisms obtained on the 
ball-on-disc simulators cannot be directly 
transferred and applied to the actual bearings 
since these systems are very different from 
this point of view. Therefore, the use of full 
bearing simulators rather than ball-on-disc 
seems to be a more appropriate way to clarify 
the mechanisms of grease lubrication of 
actual bearings. 
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