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Annotation 

The present paper shows the calculation results of the separate generator “BRUSH” being 

the part of the system “the power turbine, the transmission and the generator”, with the aim of its 

stability thresholds  determination. Several variant investigations are carried out. 

The task of the first research is to determine its stability thresholds on plain journal bearings in 

order to check two methodologies of determination of the rotor generator stability boundaries.   

The task of the second research is to determine the stability thresholds of the rotor on the 

elliptical journal bearings. Modeling and linear analysis of the generator rotor system was carried 

out previously [1]. 

Transient response of generator rotor on plain journal bearings 

In the Dynamics R4 software there is the “plain journal bearing” element. It simulates 

two main types of a plain bearing. The first type is short (without any ring seals). The second one 

is long (with ring seals). The thresholds conditions for the fluid film – [π-film] (half coverage) 

and [2π-film] (full coverage). The element can be used in the transient analysis for any rotor 

system modes of operation: both stationary and transient. Oil inlet pressure is taken into 

consideration.  The element can be included in the rotor system model. In this case it becomes 

nonlinear, i.e. the hydraulic forces arising in the bearing are the functions of displacement and 

the rotor journals speed in the bearing clearance.  

Fig. 1 shows the model of the given rotor generator.  In more details it is described in [1]. Two 

elastic supports are changed for the identical plain journal bearings.  

 

 
Fig. 1 3D generator rotor model 

 



Calculations of the generator as a nonlinear system are carried out in the transient analysis. 

According to the manufacturer data the minimum bearing clearance is in the range from  

0.230 to 0.314 mm. For calculation the mean value of 0.272 mm is chosen. Fig. 2 presents the 

initial data on the plain bearings. 

   

Fig.  2 Plain journal bearing parameters 

 

Fig.  3 presents time signal, obtained in the transient calculation of the generator on the 

nonlinear bearings, the output point is the left (front) bearing from the part of the power train. 

Time signal shows that the rotor loses its stability at  5500…6000 rpm. 

 

 

Fig.  3 Transient rotor calculation on plain bearings 
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To adjust the stability thresholds the method using the impulsive load at certain frequency 

was implemented to check the system response on it. If vibrations provoked by impulse do not 

subside, this generator operating regime is beyond the stability threshold.  

The time signal received while motion equation integrating after exposure on the rotor by 

impulsive load of 10000 N at rotating speed of 4000 rpm leads to the displacement of the visible 

stability thresholds to  4000…4500 rpm, Fig.  4.  

 

 
 Fig  4 Transient calculation, impulse 10 000 N per 4000 rpm 

 

Impulsive load at 3000 rpm does not lead to stability loss of the rotor, Fig.  5. An 

oscillation subsides, and after that rotor behaves similarly to time signal at Fig.  3.  It means that 

stability threshold is significantly higher than 3000 rpm. 

 

 
 

Fig.  5 Transient calculation, impulse 10000 N per 3000 rpm 
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To determine the stability thresholds some calculations at steady regimes were carried 

out.  The stability of motion about an equilibrium position is determined by observing the motion 

of the linear system after giving it small perturbation about an equilibrium position. If this 

motion dies out with time and the system returns to its original position, the system is said to be 

stable; on the other hand, if this motion grows with time, the system is said to be unstable. 

 Fig.  6 shows the rotor calculation at constant rotating speed of 3500 rpm with impulsive load at 

10000 N. Vibrations aroused by impulse subside rapidly. 

The system also behaves similarly at frequency of 4000 rpm (Fig.  7). Oscillations 

excited by impulse subside. It means that the rotor does not pass stability thresholds yet. At the 

regime of 4200 rpm vibrations aroused by impulse do not subside, they start increasing in time, 

Fig.  8. It brings us to the conclusion that the rotor stability thresholds is within 4000 and 4200 

rpm.  

 

Fig.  6 Impulse on rotating speed of 3500 rpm 

 

Fig.  7 Impulse on rotating speed of 4000 rpm 
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Fig.  8 Impulse on rotating speed of 4200 rpm 

1.1 Quasi-nonlinear calculation of rotor on plain journal bearings 

To confirm the obtained results quasi-nonlinear calculation and analysis of the rotor 

system on plain bearings with the adjusted characteristics is carried out. 

The rotor generator is mounted on the elliptical rolling bearings. The bearing model used 

serves only for plain journal bearings calculation. It has a number of limitations concerning 

including the geometry and the operating parameters of such bearings. In particular what is not  

included is oil flow turbulence, its inertia, existence of grooves for oil inlet, temperature 

conditions, change in oil viscosity depending on operating mode, etc. 

More complex algorithms in a transient analysis provoke great loss in time and it is 

difficult to use the model in practice during direct integration of the motion equations of the rotor 

system. That's why for the rotor generator calculation a quasi-nonlinear approach is used. It 

implies preliminary calculation of the stiffness and damping matrixes at the stationary operating 

regimes of the generator in the certain frequencies range. Then the received data on coefficients 

are used only for linear calculation of the natural frequencies map and the stability maps. 

To determine the stiffness and damping coefficients the XLPocket software is used. It 

was developed by Dr. John Nicholas of RMT Inc. in Wellsville, New York. This software 

calculates stiffness and damping characteristics of journal bearings on stationary operating 

modes. The calculation results are presented as nonsymmetrical stiffness and damping matrixes. 

The received stiffness and damping matrixes are included into linear links between rotor and 

stator in the generator model.  

In further modeling and analysis the following operating peculiarities of journal bearings were 

taken into account:  
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• oil flow turbulence ; 

• oil inertia; 

• temperature and pressure of oil supplied the journal bearing; 

• change of oil's viscosity and density with the regime change; 

• percent hot oil carry over from pad-to-pad; 

• the number and dimensions of the oil inlet opening. 

Fig. 9. presents the general view of the software interface. 

 

Fig.  9  General view of the software XLPocket interface 



Data for calculation of bearing characteristics 

The generator operating mode is 3000 rpm (50 Hz). The total generator rotor mass is 10725 

kg. The lubrication type - ISO VG 32. The oil temperature at the bearing entry is 55 ⁰С. The oil 

inlet pressure accounts for 2 bar. In the regime of 3000 rpm pressure is decreased to 0.3 bars. 

The oil inlet is accomplished through symmetrical horizontal square apertures of 120x58 mm. 

The oil grade ISO VG 32 parameters are taken from the existing XL pocket data base and are 

presented on the Fig.  10. Table  1 shows the oil parameters deciphering. 

 

Fig.  10  

Table  1 

Parameter Value Dimension 

Viscosity at the temperature of 37.8
 o
C 150.9 SSU 

Viscosity at the temperature of 98.9
 o
C 43.2 SSU 

 Specific weight at 40
 o
C 0.862 kg/sm

3 

Specific weight at 98.9
  o

C 0.827 kg/sm
3 

Density in degrees API 30.4 - 

 

Fig. 11,  12,  13 and Tables 2,  3 present geometry dimensions and operating bearing parameters. 

 

Fig.  11 Parameters of the generator left and right bearings correspondingly 

 

Fig.  12 Oil inlet grooves arrangement 



Parameter

Diameter 

Diametral clearance 

Effective bearing length 

Load on the left bearing 

Load on the right bearing 

The number of oil inlet apertures

Oil inlet apertures length 

Oil inlet apertures width 

Oil temperature at the bearing entry

Oil inlet pressure before the operating regime

Oil inlet pressure at the operating regime

 

The angular groove length are chosen in compliance with the oil input apertures width 

and equal to  28.425
O
. Fig.  13 shows the bearing design.

Parameter

Angular groove length (Angular extent of axial 

oil supply or feed grooves) 

Groove arrangement angle (Locates centerline 

(CL) of the axial oil supply grooves with 

rotation from +X axis) 

Arc length of lobe  

Results of generator calculations on plain bearings

The matrixes of the stiffness and damping coefficients are calculated for oil pressure

and the regimes range from 500 

Parameter Value 

229 

 
152 

50696.5 

 54479.8 

The number of oil inlet apertures 2 

120 

58 

Oil temperature at the bearing entry 55 

Oil inlet pressure before the operating regime 2 

Oil inlet pressure at the operating regime 0.3 

The angular groove length are chosen in compliance with the oil input apertures width 

13 shows the bearing design. 

Parameter Value 

1-st groove 2-nd groove

Angular groove length (Angular extent of axial 28.425 28.425 

Groove arrangement angle (Locates centerline 

(CL) of the axial oil supply grooves with 

0 180 

151.575 151.575 

 

Fig.  13  Plain bearing design 

 

Results of generator calculations on plain bearings 

The matrixes of the stiffness and damping coefficients are calculated for oil pressure

500 to 10000 rpm, tables  4,  5. 

Table  2 

Dimension 

mm 

mm 

mm 

N 

N 

- 

mm 

mm 

⁰С 

bar 

bar 

The angular groove length are chosen in compliance with the oil input apertures width 

Table  3 

Dimension 

nd groove 

 degree 

degree 

 degree 

 

The matrixes of the stiffness and damping coefficients are calculated for oil pressure 0.3 bar 

 

 

 

 

 



 

Table  4 

Stiffness and damping coefficients for left bearing 

 

Table  5 

Stiffness and damping coefficients for right bearing 

 

 

The received radial stiffness bearing coefficients Kxx and Kyy  (are highlighted in blue), 

at 3000 rpm are somewhat different from the data given by the generator manufacturer  

(Kxx=500e6 N/m; Kyy=1000e6 N/m). 

Fig.  14,  15,  16 show the calculation results of the generator on the elastic supports with 

the obtained stiffness and damping matrixes.   Fig.  14 presents the generator natural frequencies 

map.  



 
Fig.  14 Natural frequencies map of rotor gas generator on plain bearings 

 

Fig.  15 shows the generator stability map - the damping ratio coefficient versus the rotor 

rotating speed. The stability maps indicate that at the 3825 rpm frequency - the damping ratio 

coefficient changes its sign into the minus one which proves that the rotor loses its stability at 

this speed.   

 

 

Fig.  15 Map of relative damping coefficients of different mode shapes versus rotor rotating 

speed 

 

Fig. 16 presents the logarithmic decrement versus the natural oscillations frequencies of 

the rotor system. It allows estimating the frequency and the corresponding mode shape, at which 

stability loss happens. 
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Fig.  16. Logarithmic decrement versus rotor natural oscillations frequencies 

 

Fig. 17 shows the natural frequencies, calculated at the 3825 rpm rotor rotating speed . 

The frequency and the corresponding mode shape at which stability loss happens are highlighted. 

This frequency may also be defined at Fig  16. 

 

 

Fig.  17 Rotor generator natural frequencies at  3825 rpm.  

 

At 3825 rpm rotor generator loses its stability, the regime is close to the operating mode  

of 3000 rpm.  Dispersion in the clearance, oil inlet pressure and temperature may even more 

approximate the rotor stability loss thresholds to the operating mode. 

It is impossible to use the generator on the journal bearings for the generator given with current 

efficiency of  60 Hz (i.e. the rotor rotating speed is 3600 rpm). It is evident that these facts forced 

the generator developers to use elliptical bearings here. In comparison with plain bearings 

elliptical ones significantly increase the rotor stability thresholds other things being equal.  
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Ggenerator rotor on elliptical bearing 

As opposed to a plain bearing an elliptical one has an irregular circular clearance.  This 

irregularity is set by the “Preload” parameter. The value of this parameter is equal to 0.56 (given 

by the manufacturer). All the other data – on the bearing geometry, oil temperature, regimes – 

coincide with the plain bearing. Fig. 18 and Table 6 present the bearings geometrical parameters. 

 

Fig.  18 Oil inlet grooves arrangement 

Table  6 

Parameter Value Dimension 

1-st groove 2-nd groove 

Angular groove length (Angular extent 

of axial oil supply or feed grooves) 

28.425 28.425 degree 

Groove arrangement angle (Locates 

centerline (CL) of the axial oil supply 

grooves with rotation from +X axis) 

0 180 degree 

Arc length of lobe  151.575 151.575 degree 

Preload of lobe 0.56 0.56  

Offset of lobe 0.5 0.5  

 

Fig  19. presents the elliptical bearing design and its parameters. 

 

Fig  19 Elliptical bearing design and parameters 

 



Journal bearing stiffness and damping characteristics  

The stiffness and damping matrixes were calculated at the operating range from 500 to 

10000 rpm. Fig. 7 and Fig. 8 present the coefficients of these matrixes. Fig.  20, 21 show these 

coefficients change according to the regimes. 

Table  7 

Stiffness and damping coefficients for left (front)  bearing 

 

 

 

Fig.  20 Diagrams of stiffness and damping change 
The curves with the subscript “fit” are the approximating second-order ones 

 

 

 



Table  8 

Stiffness and damping coefficients for right (rear) bearing 

 

  

Fig.  21 Diagrams of stiffness and damping change 
The curves with the subscript “fit” are the approximating second-order ones 

Generator rotor analysis results 

Fig.  22 presents the natural frequencies map of generator rotor calculated up to 10000 rpm. 

 

Fig.  22 Natural frequencies map of rotor on elliptical bearings 
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The map in Fig.   23 shows that the rotor generator loses its stability at the frequency of   

5915 rpm (intersection of the damping ratio curve with the X-axis).  

 

Fig.  23 Damping ratios versus rotating speed 

 

 

Fig.  24 Dependence map of logarithmic decrements on rotor natural frequencies 

 

Fig. 25 presents the natural frequencies calculated at this regime. It highlights the 

frequency and mode shape of oscillations where the stability loss happens. The same frequency 

could be determined on the map at Fig. 24. 
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Fig.  25   Natural frequencies at 5915 rpm and mode shape  

Oil inlet pressure influence on journal bearings  

If changing oil inlet pressure from 2 bar to 0.3 bar at the operating mode the stiffness and 

damping bearing characteristics are not virtually changed, Table  9,  10. 

Table  9 

Operating mode, pressure 2 bar 

 

Table  10 

Operating mode, pressure 0.3 bar 

 

 

The slight change in the damping coefficients does not result in the significant change in 

the rotor generator stability thresholds. 

Conclusions 

1. Calculated in the nonlinear transient analysis the stability threshold of the certain 

generator on the plain bearings is between 4000 rpm and 4200 rpm. 

2. Calculated in the quasi-nonlinear analysis according to the adjusted journal bearings 

model the stability map of certain generator is at the rotor rotating speed at 3895 rpm. The 

stability loss happens at the rotor mode shape of 1997 rpm. 

3. Calculated in the quasi-nonlinear analysis according to the adjusted journal bearings 

model the stability map of certain generator on the elliptical bearings is at the rotor rotating 

speed of 5915 rpm.  The stability loss happens at the rotor mode shape of 2287 rpm. 
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