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Shaft misalignment and deformation lead to a non-parallel fluid film over the bearing width and thus decrease 
the load carrying capacity of hydrodynamic bearings. We present a numerical approach for designing axial 
profiles of the running surface to compensate for these deviations from the ideal fluid film geometry. The 
approach is based on thermo-elasto-hydrodynamic (TEHD) calculation. For that, we use a journal bearing 
calculation programme coupled with a structural mechanics finite-element (FE) model. Using multilobe journal 
bearings as an example, we show that the axial profiles enable an increase in load carrying capacity. 
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1. Introduction 

Hydrodynamic bearings are used in a wide range of 
industrial applications. They are characterised by low-
wear and low-maintenance operation, low space 
requirements and simple assembly. Multilobe bearings 
with two or more lobes are suitable for use in vibration-
critical applications with high stability requirements. Due 
to the non-cylindrical bore with several pressure zones, 
multilobe bearings show good stiffness and damping 
characteristics [1]. 
The load carrying capacity of multilobe journal bearings 
is determined for an ideal, parallel fluid film geometry. In 
practice, however, shaft misalignment and deformation 
lead to a non-parallel fluid film geometry. This results in 
a loss of load carrying capacity and the risk of wear at the 
bearing edges. We present a numerical approach for 
designing axial profiles to compensate for non-parallel 
fluid film geometry in multilobe journal bearings. 

2. Methods and materials 

We determine the fluid film deviation with a thermo-
elasto-hydrodynamic (TEHD) calculation. The deviation 
results from a given shaft misalignment and bearing 
deformation. For the calculation, a journal bearing 
calculation programme (COMBROS-R) is coupled with 
a structural mechanics finite-element (FE) model. Based 
on the calculations (n = 3000rpm, F = 10kN) an axial 
profile of the running surface is derived to compensate 
for the fluid film deviation in the best possible way. We 
investigate various shaft misalignments and axial profiles 
for multilobe journal bearings with two and four lobes. 
The key parameters of the bearings investigated are listed 
in Table 1. 
 

Table 1: Bearing data 

 

Nominal diameter D mm 80 

Bearing width B mm 60 

Number of lobes - - 2, 4 

Relative bearing clearance ψ ‰ 3.125 

Preload  m - 0.5, 0.71 

3. Results  
In Figure 1 we display the results for the film thickness 
of a two-lobe journal bearing over bearing width with and 
without an axial profile. The minimum film thickness 
without the axial profile is 5.4µm close to the bearing 
edge and 11.1µm with the axial profile. 

 
Figure 1: Film thickness of a two-lobe journal bearing 

over bearing width with vertical shaft misalignment of 

20µm with (ZFL_off) and without (ZFL) a linear axial 

offset profile of 19µm at the circumferential position of 

minimum film thickness (φ=201°) 

4. Discussion 

Based on Figure 1, we conclude that the axial profile 
leads to a nearly parallel fluid film geometry. As a result, 
the minimum film thickness increases by 105%. Our 
conclusion is supported by our investigations on both 
bearings with all variations of shaft misalignment and 
axial profiles. We can use axial profiles to compensate for 
non-parallel fluid film geometry. Therefore, the approach 
is suitable to increase load carrying capacity. With the 
axial profiles we can achieve a minimum film thickness 
similar to an ideal, parallel fluid film geometry. 
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