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The present paper describes the results of a broad investigation activity conducted to find and understand the causes 
of failures in grease lubricated ball bearings of turbomolecular pumps. The dominant failure mode was recognized 
as “broken cage”, and its root cause was searched based on engineering considerations and data analysis. Several 
investigation branches were defined and thoroughly analyzed. The root cause was identified as lubricant failure 
finally leading to cage failure. The analysis showed a strong correlation between the first few minutes of bearing 
channeling (running in) and the short/medium/long-term bearing reliability. 
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1. Introduction 

Turbo Molecular vacuum Pumps (TMPs) are high 
speed turbo compressors achieving rotational speeds up 
to 90000 RPM. These pumps are typically employed to 
generate very clean and dry vacuum at very low pressures 
(down to 10-10 mbar). 

In this paper we present the results of a 
comprehensive investigation into the causes of grease 
lubricated ball bearings failures in TMPs. The ball 
bearings are used to support the TMP’s overhung rotor 
where the near bearing is equipped with an external 
grease reservoir. This investigation was conducted to 
gain understanding on the failure mechanisms of ball 
bearings in TMPs aiming to improve pump’s reliability. 

2. Methods 

As a starting point, the most frequent failure mode 
was identified as cage broken in one single point of the 
bearing near the overhung end. All subsequent analyses 
were conducted aiming to understand the mechanisms of 
this failure mode and to define possible actions to further 
improve reliability. 

The search of the underlying phenomenon leading to 
failure was conducted using the following approaches: 

1. All parameters thought to have an influence on 
how the bearing works or on its boundary conditions 
were listed. Drivers for failure were determined mainly 
based on state-of-the-art engineering knowledge. 

2. Statistical analysis of all data acquired during 
pump’s production to find correlations related to higher 
failure rate in the field that were not necessarily 
attributable to known mechanisms. 

The two approaches were used to identify the most 
promising investigation areas to determine root cause of 
the failures   

The first approach led to the following investigation 
branches of possible root causes: misalignment, 
dimensional and geometrical characteristics of bearing 
mounting and fitting, bearing internal dimensions and 
quality, cage instability, and external forces (unbalance 
and preload). The second approach was conducted using 
a classification and regression tree (CART) analysis. This 
search retrieved one single parameter of interest, that is, 
the power absorbed at the end of first step of bearing 
channeling (running in procedure). 

3. Discussion 

After an in-depth analysis of each root cause, all those 
identified with the first approach showed no correlation 
with the failure rate and were excluded. The reasons for 
exclusion are listed in Table 1. 

 

Table 1: Excluded root causes 

Root cause Reason for exclusion 

Misalignment,  
Mounting and 

fitting 

Measurement on failed pumps vs. 
standard production + Failed 

pumps raceway analysis 

Bearing internal 
dimensions 

Measurement of large sample 
(~100) bearings, no outlier found 

Cage instability Literature review  
External forces Modeling and simulations 

 

The parameter identified with the second approach 
was well correlated with failure rate. It was found that 
pumps absorbing higher power at the end of the first step 
of channeling were largely more reliable in the field. This 
counter-intuitive phenomenon was linked to the presence 
of a much larger amount of grease inside the bearings of 
pumps with higher power. Conversely, it was concluded 
that pumps with lower power were more prone to 
lubricant failure, that preceded cage failure, due to a 
reduced amount of grease in the bearings.  

Further analyses evidenced that the extra grease 
migrates from the external reservoir into the bearing at 
the very first start-up of the pump. Although the 
production process is the same, pumps with more, or less 
grease, were generated. It was found that the difference 
was triggered by at least three drivers enhancing the 
bearing’s grease content within a very narrow range of 
grease amount: 1) grease content in the external reservoir, 
2) bearing initial filling, 3) bearing’s inner ring/shield 
clearance. Working on these three parameters, the final 
amount of grease inside the bearings could be larger than 
the nominal initial filling, resulting in an improvement of 
reliability thanks to the improvement of the grease life 
due to a larger overall filling [1]. 
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