
Vorlesungen Mechatronik im Wintersemester  

3rd Technical Lecture for  

ENERGIFORSK Vibration Group 

FLUID STRUCTURE INTERACTIONS (FSI)  
 
in HIGH PERFORMANCE LARGE  
 
TURBOMACHINERY SYSTEMS  
 
Prof. Dr. - Ing. Rainer Nordmann  



Contents of Lecture: Fluid Structure Interaction (FSI)  

in High Performance Large Turbomachinery Systems 
   

 

   

ü Introduction:  Influence of Fluid Film bearings to Rotordynamics 

 

ü Some Bearing Types used in Large Steam Turbo Sets 
        Bearings with fixed Surfaces and Surfaces, free to tilt (Tilt Pads) 

         

ü Introduction to Fluid Film Bearing Theory 
        Reynolds Equation, Static Equilibrium, Stiffness and Damping Coefficients 

 

ü Dynamic Behaviour of Lavalós Shaft with Fluid Film Bearings 
        Equations of motion, Eigenvalues and Stability, Forced Unbalance Response 

         

ü Identification of Stiffness- and Damping Coefficients  
        Basic Equations and Test Rigs 



Introduction to Rotordynamics 

Lavalós Shaft with Fluid Film Bearings  

Flexible shaft  
spring with stiffness k  

Rigid disk  
with mass m  

mass  
eccentricity  

Fluid film bearings 

So-number 

Stiffness Coefficients 

Damping Coefficients 

W 



Introduction to Rotordynamics 

Lavalós Shaft with Fluid Film Bearings 

Oil film bearing: 

stiffness, damping, anisotropy 

danger of self-excitation 

Shaft vibrations with elliptical orbits 
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Bearing Types, used in 

High Performance Turbomachinery  Systems 

Oil Film      
Sliding Bearings 

Roller and     
Ball Bearings *) 

Magnetic     
Bearings *) 

Specific load  
capacity  

     up to 3 Mpa  up to .....Mpa    up to 0.6 Mpa 

Friction losses            low                               middle      very low 

Life Time   theor. unlimited                                      limited but 

good to predict 

  theor.unlimited 

      

Costs          high          low     very high 

*)  usually not applied in large Turbine Generators Systems  



Different Bearing Types, used in Steam Turbine Trains 

HP                IP          LP1              LP2        LP3            GEN           EXC  

Cylindrical Bearings  

Elliptical bearings (Lemon Bore) 

3-Wedge Bearings 

Pocket Bearings with one or two Oil Inlets 

Optional: Tilting Pad Bearings (3-TPB, 4-TPB and 5-TPB) 
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Radial Bearing with Pedestal and Foundation in Turbine Train 

Bearing Pedestal 

 

 

 

Radial Bearing 

    Foundation 

Shaft 



 

Oil Film Bearing Configurations in Steam Turbine Trains 

 

                                      Oil Film Sliding Bearings 

 Radial Bearings                          Combined                               Axial 

        Axial/Radial Bearings 

 

 

The bearing pressure in sliding bearings is usually hydrodynamic, due to 
relative motions of the sliding surfaces. 

Hydrostatic pressure, generated by external pumps, is used to support the 

rotor at run-up and run-down. 



Fixed Sliding Surfaces and free Tilting Sliding Surfaces  
                  

  Fixed Sliding Surfaces Tilting Pad Bearings (TPB) 

or Bearings with Sliding Surfaces 

(pads), that are pivoted 

and free to tilt. 



D 
  d 

  Sommerfeld Number               So = (p * ɣ2) / (ɖ * ɋ)    

  Specific Bearing Load             p = F / (D * B) 

  Clearance                                 ȹD = D - d  

    Relative Bearing Clearance    ɣ = ȹR / R  = ȹD / D  

   Angular Speed                         ɋ  = 2 * 3.14* Speed  / 60 

 

¸ Cylindrical bearing 

¸ Elliptical bearing  

¸ Pocket bearing 

¸ Offset bearing 

¸ More wedge bearing 

¸ Tilting-pad bearing 

Different Bearing Types and Characteristic Parameters 

 Example: Cylindrical Bearing  



Radial Bearing Development for Steam Turbines over time  

 

 

Cylindrical      Elliptical          Pocket Bearing with 2 Oil Inlets                   Pocket bearing with 1 Oil Inlet 

     é..                      1950                   1965                     1970                   1980          1985                2000 

3 Lobe               3 Tilt Pad                  4 Tilt Pad                     5 Tilt pad 



Radial 3-Tilting Pad Bearing for Nuclear Steam Turbine Train 

Application:  Nuclear Steam Turbine, half speed, 25 Hz  

 Speeds(25 HDiameter up to 900 mm  
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Fluid Film Bearing Theory ï Fluid Model  

Oil 

viscosity 



 

Fluid Film Bearing Theory ï Geometry Parameters 

ML   bearing center 

MZ   journal center 

D   diameter bearing 

B   bearing width 

e   displacement 

g   displacement angle 

h0   R-r bearing clearance 

h0/r   relative clearance y  

b  B/D width ratio 

e  e/ho relative 

displacement 



Clearance  function:  

Reynolds equation for pressure distribution  

 
Fluid Film Bearing Theory- Reynolds-Equation 
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Oil viscosity  

Angular velocity  

Displacement  

Displacement angle  



Fluid Film Bearing Theory- 

Disturbance Terms in Reynolds Equation 
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Solution:  The pressure field depends on the position  of a 
journal and on the journal motion   

 
Forces:  Integration of the pressure field leads to the 

forces in circumferential and radial direction :  

Fluid Film Bearing Theory -  

Fluid Pressure and Bearing Forces 
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Nonlinear force -motion behavior  
 
 
 
 
 
 
For the special case without velocities                    ,  
the Static Bearing Forces and the static position depends  
on the external loading  

Fluid Film Bearing Theory- 

Static and Dynamic Fluid Film Bearing Forces 

Circumferential force  

Radial force  
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Fluid Film Bearing-Theory  

Static Equilibrium Position for a vertical Load F 

Fluid Film Force Components F r and F u for the equilibrium position  



Fluid Film Bearing-Theory  

Static Force in dimensionless form ï Sommerfeld number 

General case with motion  
 
 
 
 
 
 
Special case for static equilibrium position:  
 
 
 
 
 
 
The dimensionless static force S 0 is called Sommerfeld number . 
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Fluid Film Bearing-Theory  

Static Equilibrium Curve of the Shaft in the Bearing 

Static Equilibrium Curve  
for a bearing in dependence 
of the  Sommerfeld  number  
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Geometry of Bearing:   Circular  
Short Bearing:   b=B/D<0,25  


