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Abstract— The use of active magnetic bearings (AMBs) in turbo 

machines is an active research topic and the implementation in 

industrial applications is becoming commonplace. This is 

especially true when investigating the backup bearings (BBs) for 

high speed rotors with high axial and radial loads. In AMB 

supported turbo machines there usually are high axial process 

forces present, and should the axial AMB (AAMB) fail, these 

forces need to be supported by the axial backup bearings 

(ABBs). In order to design appropriate BBs the movement of the 

rotor and the associated forces produced during a rotor 

delevitation event (RDE) is of critical importance. These forces 

should be determined using a rotor delevitation model that 

includes the forces on all the backup bearings and the effect that 

these forces have on the rotor stability. This paper presents a 

short overview of various types of ABBs in the literature and the 

associated models for these BBs. The second part of the paper 

presents a model for a novel BB currently under construction at 

the IPM, and how this model is integrated into the rotor 

delevitation model BBSim [1]. The third part of the paper 

presents some results obtained using the proposed ABB model. 

The results investigate the effect that the radial distance where 

contact occurs and the axial force present on the rotor has on 

the RDE severity based on the Vval values. 

I. BACKGROUND ON ABBS  
The process forces in turbo machines cause high forces in 

the axial direction. During AMB failure these forces on the 
ABB has a destabilizing effect in the radial direction. This 
destabilizing force is dependent on the contact between the 
ABB and the rotor. Schmied and Pradetto identified the 
phenomena of forward whirling in [2]. Wilkes et al presented 
the consequences axial contact has on the shaft movement 
during a rotor drop in the backup bearings [3]. These authors 
show that a sub-critical frequency can develop destructive 
whirling if the rotor is in contact with the ABB during a RDE. 
In machines with axial forces present on the BBs it is 
important to stabilize the whirl motions in order to achieve 
safe rotor delevitation. The effect of these axial forces and 
contact with the ABB on the behavior of the rotor during a 
RDE should be known and is important in the design of an 
intrinsically safe machine. 

A. Layout of ABBs in the literature 
Machines with high axial loads are usually designed to 

have a vertically orientated rotor. In vertical machines with a 
combined axial/radial BB the gravity force is used to stabilize 
the rotor [4-6]. A vertical machine was developed for the high 
temperature reactor; the BB for this machine is shown in Fig. 
1. The tapered carbon clutch helps to stabilize the rotor in the 
radial direction [5].  
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Figure 1.   Schematic of the design of an ABB for vertical machines [5]. 

Since there is no stabilization effect in horizontal machines 
the layout as shown in Fig. 1 would also be advantages for use 
in these machines. The most commonly utilized layout for 
ABBs is a combined axial-radial BB [5, 7-9]. When using a 
combined axial-radial BB the influence of the radial stiffness 
and damping has on the axial forces experienced by the BB 
should be investigated. Some other machines use brass rings 
that is integrated into the axial AMB as the ABBs [10] These 
types of ABBs are usually implemented when the axial loads 
are relatively low and the wear of these rings can be managed. 
It is important to note that for radial BBs, rolling element 
bearings are commonly used in vertical machines and plain 
bearings is more commonly used in horizontal machines.  

B. ABB Modeling  
In 2002, Orth and Nordmann presented a tool to calculate 

the non-linear dynamics of AMBs [11]. The tool includes a 
model for the ABBs. Sun et al presented a detailed rolling 
element bearing model for the radial BBs and a point mass 
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model for the ABB [9]. The schematic of the dynamic ABB 
model is shown in Fig. 2 
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Figure 2.   Schematic of the dynamic model of an ABB developed by Sun et 

al. [9] 

II. AXIAL BACKUP BEARING (ABB)  

A. Mechanical design of the ABB 
The University of applied sciences Zittau/Görlitz is 

developing a test bed for AMBs and BBs the MFLP [12]. The 
goal of this test bed is research in the field of AMB 
applications in extreme conditions. Plain BBs were chosen for 
this test bed since these are commonly used in extreme 
conditions to prevent contamination of the process fluid, 
especially in energy applications. 

The test bed allows for the testing of both rolling element 
BBs and plain BBs. This enables the testing of various types 
of BB combinations and examining the influence that the 
ABB has on the rotor behavior and forces on the radial BBs. 
The design of the ABB for this test bed is shown in Fig. 3. The 
test bed BB includes the possibility to measure the following 
parameters:  

 force on each of the bearing pads, as shown in Fig. 3 
 displacement of the shaft at the bearing location 
 temperature on each of the bearing pads, as shown in 

Fig. 3 

 
Figure 3.   Illustration of the axial Backup bearing for the MFLP Test-Bed 

The bearing is designed so that various materials can be 
used for the pads in order to manipulate the friction factor, 
thus enabling an investigation into effect that the friction 
factor has on the behavior of the rotor. Furthermore, various 
damping elements can also be used in order to test various 
configurations.  

B. Modelling principle for the MFLP axial backup bearing 
using BBSim 
The concept of the BBSim model is the division into 

simpler sub-models of the complex interaction between the 
rotor, the AMBs, the BBs and the ABB. The main sub-
models include a rotor-model, AMB-models and BB/stator-
models in the translational direction and the rotational 
direction.  

The model for the radial BBs, radial AMBs and rotor is 
described in previously published work [1, 13-15]. Similarly, 
to the previous published works on BBSim the axial backup 
bearing (ABB) model is divided into a linear and rotational 
model.  

In order to determine the axial position of the rotor a 
simple mass-damper-spring system is used as shown in Fig. 
4. The airgap size is a variable depending on the angular 
displacement of the shaft as shown in Fig. 5. As the angular 
displacement of the rotor increases the airgap size decreases.  
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Figure 4.   Schematic of a simple mass-damper-spring system for use with 

the ABB model 

 

Airgap
Angular and Linear

displacement

 
Figure 5.   Schematic showing the layout of the ABB with angular and linear 

displacement of the rotor 

The amount that the airgap in effect decreases is expressed by 
(1). 
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 · sinag ABBZ R     (1) 

where agZ  is the amount that the airgap is reduced by the 

angular deflection of the shaft, ABBR  is the radius where 
contact occurs in the ABB and   is the angular deflection of 
the shaft at the ABB location. Contact normal force and 
contact detection is based on (2). 

 

 

 

0                          

                       with  

·

  

·
ABB

eff

ABB r eff

effr eff

ABB

eff ag g

N

r

a

rif Z Z

K Z
F

if Z ZZ

Z

Z

d Z
C

dt
R Z

 






 










 (2) 

where 
ABBNF is the normal contact force, ABBK  and ABBC  is the 

ABB stiffness and damping in the axial direction, rZ  is the 
linear axial position of the rotor as determined by the model 
shown in Fig. 4, agR  is the size of the nominal airgap of the 
ABB.  

Because the rotor is rotating during contact there is 
friction forces present. The friction and normal forces present 
on the rotor can be transformed into force-moment pairs as 
shown in Fig. 6. The friction force is defined using normal 
Coulomb friction as given in (3) with ABB  the dynamic 
friction factor between the contacting surfaces in the ABB. 

·
ABB ABBN ABBF F


  (3) 

The magnitude of the breaking moment is dependent on the 
radius where contact occurs and the friction force caused by 
contact, as shown in (4). This breaking torque is then added 
to the breaking torque of the rotational rotor model as given 
in [1]. 

·
ABBbreak ABBM F R


  (4) 

The magnitude of the bending moment on the rotor is 
dependent on the normal force caused by contact and the 
radius where the contact occurs as shown in (5). The bending 
moment is added to the translational rotor model as discussed 
in [1]. 

·
ABBABB N ABBM F R  (5) 

Using the described model together with the translational and 
rotational models in BBSim provides a complete solution for 
RDEs where the AMBs, the rotor, the ABB and the BBs are 
modelled. 
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Figure 6.   Schematic showing the force-moment pairs created by the normal 

and friction forces on the rotor 

III. RESULTS OBTAINED USING THE  
ABB MODEL IN BBSIM 

For the purpose of this paper an investigation was done 
using BBSim and the proposed ABB model to determine the 
influence that the ABB has on the behavior of the rotor 
during a RDE. In order to determine the magnitude of the 
influence the RDEs need to be quantified. 

A. Rotor delevitation quantification (Vval) 
A way to measure the severity of a RDE is to use a 

nondimensionalised distance over time, to produce a non-
dimensionalised speed. The rationale behind the 
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nondimensionalised velocity can be found in the well-known 
formulas for impulse (6) and translational kinetic energy (7). 

· ·tF mI v    (6) 

2· ·
1

2kE m v  (7) 

From the above equations, it is clear that the translational 
velocity is an important variable in both cases. The rationale 
is to obtain an indication of the amount of energy transformed 
into transverse motion. The transverse motion is an indication 
of the energy that the backup bearings dissipate or transform 
during a certain RDE and this is an indication of the 
degradation of the bearing-quality 

The distance is non-dimensionalised by dividing with the 
airgap radius in order to produce a value that represents the 
number of times that the rotor travelled the entire distance of 
the airgap radius. The calculation of the non-dimensionalised 
distance is shown in (8), with n the window size (number of 
samples), i the index number, rairgap the radius of the backup 
bearing clearance, x the position of the rotor center in the x-
direction, y the position of the rotor center in the y-direction, 
k the index number for Dval and ntotal the total number of 
samples in the RDE data [1,15]. 
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This non-dimensionalised distance is divided by the time 
over which it was calculated to produce an average non-
dimensionalised speed with the unit of per second. If the 
chosen window size is the same as the total number of 
samples in the RDE’s data, there is only one Dval value. 
When the window size and total number of samples are the 
same (9) is used to determine the Vval value, with fs the 
sampling frequency and n the window size [1]. 

 1· s
f

Vval Dval
n

  (9) 

It is important to note that the maximum value for Vval 
does not necessarily occur directly after the rotor delevitation. 
The dynamics of the system could cause a critical frequency 
being traversed at a lower rotational speed than the 
delevitation rotational speed. When a critical frequency of the 
system is traversed the behavior of the rotor in the backup 
bearings can become much more violent [1]. 

B. Rotor model 
The rotor model used to determine the results presented in 
this paper is shown in Fig. 7. The rotor weight is 
approximately 2.4 tons and the rotor has a length of 
approximately 3.8 m. 

 
Figure 7.   Rotor model used to produce results presented 

The rotor is modelled in RotFE and consists of 118 nodes, 
with the locations for the AAMB, BB1, AMB1, AMB2 and 
BB2 as shown in Fig. 7. 

C. BBSim ABB results 
The proposed model was used to determine the effect that 
two parameters has on the rotor behavior during a 
delevitation event these parameters are the radial distance 
where contact occurs within the ABB (shown in Fig. 8) and 
the axial force present on the rotor (shown in Fig. 9). 

 
Figure 8.   Results showing RDEs' Vval values for increasing radial distance 

where the ABB makes contact. 

As can be seen in Fig. 8 the radial distance where contact 
occurs has a large influence on the rotor delevitation severity 
up until a radial distance of 0.12 it would seem that any 
further increase in the radial distance does not adversely 
affect the rotor behavior. It is important to note that as the 
distance increases the magnitude of 

ABB
F


 and breakM  also 
increases. The increase in the friction force would force the 
rotor to move radially and perpendicular to the contact 
location, this movement could possibly lead to forward 
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whirling or forward whip as stated in [3]. The increased 
breaking torque would cause the rotor to decelerate quicker 
thus causing the rotor to have a less violent behavior since the 
rotor speeds through any critical frequencies faster compared 
to a smaller breaking torque. 

 
Figure 9.   Results showing rotor delevitation behavior for increasing axial 

load. 

As shown in Fig. 9 initially the axial force increases the Vval 
value up until 5 000 N where after the Vval value reaches a 
plateau until about 10 000 N where there is a sharp decrease 
in the Vval value, this pattern appears to be repeated with 
increments of 5 000 N, although the trend of the curves is 
slightly upward. 

The upward trend of this curve would indicate that the 
rotor behavior is dependent on the axial force present; the 
fluctuations of the Vval values might be caused by axial 
critical frequencies cross-coupled with the radial critical 
frequencies of the system. The excitement of these 
frequencies is dependent on the magnitude of the axial force 
and the damping and stiffness present in both the radial and 
axial BB mounts. 

CONCLUSION AND DISCUSSION 
The model is able to calculate the influence that the forces 

present in the axial backup bearing has on the shaft motion 
during a RDE. The new test bed in Zittau will be used to 
generate results to validate the model, and to compare the 
severity of RDEs when using various sliding pad materials.  

The BBSim model enables a total simulation solution 
when investigating AMB systems. The BBSim model 
includes the capability to simulate any number of AMBs and 
BBs (Sliding and rolling element) including the rotor 
dynamics of the rotor.  

Although some conclusions can be made about the 
influence of the magnitude of the axial forces present and the 
radial distance where contact occurs, these conclusions 
require further investigation.  
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