


2 © 2017 ANSYS, Inc. June 19, 2018

Agenda

Application Areas of Fluid Film Bearings

Modelling

3D Navier-Stokes (CFD)

Reynolds Equation (Mechanical)

Reduced Order Model
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Application Areas of Fluid Film Bearings

• Why Fluid Film Bearings?

• Simple Construction 

• Good Damping Characteristics 

• High Load and Speed

• High Precision Applications

• Critical to Machines overall Reliability!!

IC engines

Gas turbines

Hydro turbines

Electric generators

Marine propeller

Hard disc driveTurbo Charger
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Modelling – Overview

Computational Effort
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Efficient Coupling with Rotor Dynamics
How to compute the Coefficients???

Simplified Navier-Stokes Equation
Limited Modelling

Full Navier-Stokes Equation

CFD and ROM for 
Mechanics, Rigid Body

Non-Linear 
Fluid-Structure 

Interaction
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Mechanical 

Deformation
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Simulation Procedure

• Stiffness and Damping is wrt to Equilibrium Position:

• Calculate Equilibrium Position

• Stiffness Coefficient:

• Damping Coefficient:

𝑭𝑭𝒍𝒖𝒊𝒅 = න𝒑 ∙ 𝒏𝒅𝑨

𝑭𝑴𝒆𝒄𝒉 = 𝒎 ∙ 𝒈

Repeat Simulation with varied Position 𝑲 =
∆𝑭

∆𝒙

Repeat Simulation with varied Velocity  𝑪 =
∆𝑭

∆ ሶ𝒙
2-Way-Coupled Fluid-Structure Interaction!

High Computational Effort!
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Reduced Order Model (ROM) Approach

• Design of Experiments

• Variation of Eccentricity, Attitude Angle, …

• Measure Reaction Force

• Response Surface is calculated (=ROM)

• Reaction Force = f(Eccentricity, Attitude Angle, …)

• Optimization to find

• Eccentricity, Attitude Angle, …

• For given External Force

• Stiffness is Derivative of Response Surface

• Damping is calculated at Equilibrium

Reaction Force

Attitude angle

𝛀
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3D Navier-Stokes in CFX

• 3D Resolution & Kinematics

• Steady Simulation

• Re-Meshing for each Position

• Mesh Morphing

• Transient Simulation

• Mesh Morphing

•  Analytical Mesh Morphing

𝒓𝒊
𝒓𝒂

𝒓𝒓𝒆𝒍 =
𝒓 − 𝒓𝒊
𝒓𝒂 − 𝒓𝒊

𝚫𝒙 = 𝒓𝒓𝒆𝒍 ∙ 𝚫𝒙𝑺𝒉𝒂𝒇𝒕

Mesh Displacement 
in Domain

Outlook:
Analytical Mesh Morphing
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Equilibrium

• Steady State: Design of Experiments

• Variation of Eccentricity, Attitude Angle, …

• Measure Reaction Force

• Get Equilibrium from Response Surface

• 2-Way-Coupled FSI with Rigid Body

• Rigid Body Dynamics is solved in CFX!

Reaction Force

Attitude angle

𝛀

𝒎 ⋅ ሷ𝒙 + 𝒅 ∙ ሶ𝒙 = 𝑭𝑭𝒍𝒖𝒊𝒅 −𝒎 ⋅ 𝒈

Artificial Damping to 
avoid overshoots, 

zero for Equilibrium!

Steady State
Just Fluid Damping
+Artificial Damping
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Result: 2-Way-Coupled FSI with Rigid Body

t
t

Position, constant for 
increasing Time

 Steady equilibrium

Force, constant for 
increasing Time

 Steady equilibrium

Position y

Position x

Force Y = Load

Force X = 0

Orbit Plot
Position in X-Y Plane

t
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Calculate Stiffness and Damping

• Calculate Equilibrium Position

• Stiffness Coefficient:

• Damping Coefficient:

Repeat Steady Simulation with varied Position 𝑲 =
∆𝑭

∆𝒙

• Transient Simulation with oscillating 
Shaft (one for x and one for y) until 
periodic Result

• Dissipation Work: integrate Force x/y 
and Velocity x/y over one Period

• Normalization  Damping

Position
Velocity
Force
Dissipation

𝑾𝑫𝒊𝒔𝒔,𝒊𝒋 = න

𝟎

𝑻

𝑭𝒋 ∙ ሶ𝒙𝒊 ∙ 𝒅𝒕

𝒙𝒋 𝒕 = 𝒙𝟎 ∙ 𝒔𝒊𝒏(𝝎𝒕)

𝑪𝒊𝒋 =
𝑾𝑫𝒊𝒔𝒔,𝒊𝒋

𝝎 ∙ 𝒙𝒊
𝟐



11 © 2017 ANSYS, Inc. June 19, 2018

Bearing Model – Mechanical

2D Surface Body  2D Shell Mesh

Definition of 
Bearing Elements by 

Generic Snippet

Input Parameter:
Eccentricity
Attitude Angle
Velocity X
Velocity Y
Speed of Revolution

Bearing Parameter

Output Parameter
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Equilibrium Position 

Perturbation and Induced Forces

Calculate Stiffness and Damping

Vary Equilibrium Position with Δx, get 
Reaction Force and calculate Stiffness:

𝑲𝒊𝒋 =
𝑭𝒋 𝒙𝒆𝒒 ± 𝚫𝒙𝒋 − 𝑭𝒋,𝒆𝒒

𝚫𝒙𝒊

Shaft Velocity can be applied in steady 
State Simulation!
Calculate Reaction Force and Damping

𝑪𝒊𝒋 =
𝑭𝒋 𝒙𝒆𝒒, 𝚫 ሶ𝒙𝒋 − 𝑭𝒋,𝒆𝒒

𝚫 ሶ𝒙𝒊

𝝏𝒉

𝝏𝒕
∼ 𝚫 ሶ𝒙𝒊
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Reduced Order Model  / Response Surface

Response Surface = ROM
(Meta-Model of Optimal Prognosis)

Input:
• Eccentricity
• Attitude Angle
• Rotational Speed
• Equilibrium Force (see later)

Output:
• Force X,Y
• Sommerfeld-Number
• Equilibrium Objective (see later)

Reaction Force = f(Eccentricity, Attitude Angle, …)
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Reaction Forces X

Reaction Force X depends on 
Eccentricity, Attitude Angle and

Rotational Speed

𝒏 = 𝟐𝟓𝟎𝟎 𝒓𝒑𝒎 𝒏 = 𝟒𝟓𝟎𝟎 𝒓𝒑𝒎

Equilibrium: Reaction Force X=0

Eccentricity

Attitude Angle

Rotational Speed n

Equilibrium
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Reaction Force Y

Reaction Force Y depends on 
Eccentricity, Attitude Angle and

Rotational Speed

Equilibrium Force = Reaction Force Y

Eccentricity

Attitude Angle

Rotational Speed n

Attitude Angle=-45° Attitude Angle=-60°

Equilibrium 15 kN
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Sommerfeld Number ~
𝑭

𝛀

Equilibrium Sox=0

Equilibrium Soy=So(F-Load,n)

Number of relevant Parameter reduced by non-dimensional Analysis
Sox shows Line for all Equilibrium Positions
Soy shows Equilibrium on Axis for non-dimensional Load

𝑶𝒃𝒋𝒆𝒄𝒕𝒊𝒗𝒆 ∼
𝟏

𝛀
𝑭𝒙
𝟐 + 𝐹𝑦 − 𝐹𝐿𝑜𝑎𝑑

𝟐
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Find Equilibrium Position

Optimization on Response 
Surface  Equilibrium

Input:
• Eccentricity = ?
• Attitude Angle = ?
• Rotational Speed = 5000 rpm
• Equilibrium Force = 7000 N

Optimization:
• Objective  0
•  Equilibrium

Reaction Force = f(Eccentricity, Attitude Angle, …)

Optimum/Equilibrium 
is validated by 
Simulation!!!

Relative Difference
0.5%

CoP = 98%
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optiSLang Usability

Push-Button Import of 
Meta-Model

Additional Calculation in 
Excel with MOP-Solver
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Summary Calculate Equilibrium:
Reduced Order Model is much 

more efficient than 2-Way FSI !!!

Modelling




