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Bearing Coefficients for Rotor Dynamic
Applications
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) Modelling
| 3D Navier-Stokes (CFD)

Reynolds Equation (Mechanical)
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Application Areas of Fluid Film Bearings

 Why Fluid Film Bearings?

e Simple Construction

* Good Damping Characteristics
* High Load and Speed
* High Precision Applications

e C(Critical to Machines overall Reliability!!

-

IC engines Turbo Charger

Section AA' Ly
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Modelling — Overview Thermal and

Mechanical
Deformation

A >
0 | CFD&FEM

2 K, (u) [F - —

E xy:|{ x} _ { x} ) CFD&ROM Non Linear

o K., |lu F — i

a Ly ) Q 3D CED CFD and ROM for Fluid-Structure

g ' =l \Vlechanics, Rigid Body ’ Interaction

c

o Full Navier-Stokes Equation

>

o . ) ‘Re nolds

3 iy Fquation 3 3

8 = pemrrmep— 0 [ h~ 0D\ 0 ( h° OP)_U0dh dh
{mf)lfle PUHER NG AT | 12,[! Jx 0z 12# 0z 1= 2 0x " Ot

‘ Arin g & Limited Modelling

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




Simulation Procedure

» Stiffness and Damping is wrt to Equilibrium Position:
e | Calculate Equilibrium Position
Ky Ky B &
o Stiffness Coefficient: | ' ~?[-|™ ‘”‘.‘*l
Ky Kia| |2E %P_
dxy,  0x;
Repeat Simulation with varied Position 2> K = %
¢, ¢l |5 &
* Damping Coefficient: | ' *|-| jpl
21 22 F,\—f ij
Repeat Simulation with varied Velocity = C = i—i
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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, ...)

e Optimization to find

* Eccentricity, Attitude Angle, ...
* For given External Force

» Stiffness is Derivative of Response Surface

 Damping is calculated at Equilibrium
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3D Navier-Stokes in CFX

Yyel = ————
rel rq—T;

AX =Tpe AxShaft

e 3D Resolution & Kinematics

e Steady Simulation Mesh Displacement

. .. in Domain
* Re-Meshing for each Position \ Ta
* Mesh Morphing

* Transient Simulation
*  Mesh Morphing

* - Analytical Mesh Morphing

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

\
\
\
I

* 2-Way-Coupled FSI with Rigid Body T tdesna
* Rigid Body Dynamics is solved in CFX!

m-x+d-x=Fgp,;0—m-
: , Fluid g
Artificial Damping to
avoid overshoots,
zero for Equilibrium!

Steady State

Amplitude

+Artificial Damping

o e )
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Result: 2-Way-Coupled FSI with Rigid Body

Run RigidBodyCFX 003
Orbit

o bk Voo

Run RigidBodyCFX 003
POS

Positiony

Position x

Position, constant for
increasing Time
—> Steady equilibrium
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FVWEST ST VT Y Ve |

o iabobe Voo

Orbit Plot
Position in X-Y Plane

Varabie Value

v

Run RigidBodyCFX 003
Force

Force Y = Load

Force X=0

ated Tiesw Shp

Montter Pawit: Men Farce Limt X

Force, constant for
increasing Time
- Steady equilibrium
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Calculate Stiffness and Damping

e Calculate Equilibrium Position

ar, dF,
Ky Ki2| |5 %
K., Ks; “|oF, OF,

dxy,  0x;

o Stiffness Coefficient:

Repeat Steady Simulation with varied Position 2 K = g

 Damping Coefficient:

* 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
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5.00
—x(t) Position
400
)
3.00 Force
2.00 Dissipation

a 100
w /
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0.00 : . . : : . . 1.00
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-4.00
T Y1 w
d C Diss,ij
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Bearing Model — Mechanical

Outline

Filter: pName

Project

- K Mesh

-

21 2 el 3l
E- (& Model (A4)
w8 Geometry
-2 Coordinate Systems
A& Connections

Fl- @ Named Selections

'{@E! PRES

2D Surface Body = 2D Shell Mesh

W
g
n% \

of "FLUID218"
-l File
File Mame
File 5tatus |File not found
|| Definition
Suppressed |No
Target Mechanical APDL
=l| Input Arguments Input Parameter:
P ARGI1 0.5 Eccentricity
P ARGZ -90. Attitude Angle
P ARG3 0. Velocity X
P ARG4H 0. Velocity Y
P ARGS 4000, Speed of Revolution
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‘ ““ ! Command g~ de 3 isg le will be executed just prior
“‘:“:‘ ! These cnﬁﬁtﬁ;ﬂﬁﬁeg ommand settings set lj)y Wol:zkbenc
TR

Ak

! BeamdgsE*em)entsb this object was created:

HOTE: a that requires units?{such as mass) is assumed

GeneticSHiFPRT ™ rir svoren for more &2

! Constants
mypi = 4*%atan(l) Bearing Parameter r

! Variakles, LENGTH [mm] 1

ER = 50 ! shaft radius |

psub = le+5%le-§ ! [N/m*2] = le-6[N/mm~2] 0.0s0 (m]
myma = le-3%le—6 | mu=le-3[Pa s] = le-8[MPa s] —J
mydens = 900%le-9 ! den==900[kg/m~3] = 900%le-8[kg/mm~3]

my rpm = args ! speed of rewolution

wshaft = my rpm*mypi/30

myext = 0.01

*afun, rad

Xpos = argl¥*cos(mypi*arg2/180) ! X¥X=X/myext
Ypos = argl*sin{mypi*arg2/180) ! Y¥=Y/myext
Kvel = arg3*Ra%wshaft
Yvel = arg4*RA%wshaft

T o e e R R R R R R R R R R R R R R e R R R R

0.060 (m)
R

Output Parameter

Results

Pl my_fbx 4768.9
Pl my_fhy 4935.5
P my_So 043692
P my_SoX 0.3036
Pl my_SoY 0.31421



Calculate Stiffness and Damping

d [ h ﬂp]+ 9 [ n 5P]=g@‘_ﬂ
Vary Equilibrium Position with Ax, get Ix\12u9x ) 0z\12u 9z )~ 2 9x | 9t
Reaction Force and calculate Stiffness: Shaft Velocity can be applied in steady o
State Simulation! — ~ Ak;
K. — Fi (xeq + Ax]-) B Fi,eq Calculate Reaction Force and Damping at
b Ax; )
l'A C . Fj(xeq,ij _F]',eq
Yy Ax;
1 . . _—
\ A \\ , A \\
Bearing 0. / g (oR "F»
oo / +-— +- - ﬁ
l‘. i A i A\t KA
. - L
s IH“O""‘ / a) DIRECT STIFFNESS b) DIRECT DAMPING ¢) CROSS COUPLED
s FORCE FORCE STIFFNESS FORCE
Steady State .
Equilibrium Position Perturbation and Induced Forces

Equilibrium Position
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Reduced Order Model / Response Surface

v A Input:
2 & Engineering Data + - EccentnClty
3 fg Geometry Y 4 e Attitude Angle
4 Model v .
s '@ Setup o * Rotational Speed
F
6 & Solution . * Equilibrium Force (see later)
7 i@ Results v
> 8 |(pd Parameters :
Static Structural OUtPUt:
* Force X,Y
* Sommerfeld-Number
el * Equilibrium Objective (see later)
- B TR Serer—
1 ::_': SEI"E'JI]VIY - m‘lu:t‘r Structural (Al) — —
2 | ¥ DOE v . | %2R NPQL 5 SRy o
3| @ MOP v 3 & Results [ 3 el | 80
4 | &% Results v Optimization, GG/ & Po [ FLUID218 ARGA [0
Sensitivity, GGW o S 565
TR I ol s
Response Surface = ROM R RS 4768.9
pd P8 my_fby 4934% .5
(Meta-Model of Optimal Prognosis) my_so 0.43692
o PIS my Sox 03036
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Reaction Forces X

& Coefficient of Prognosis (= @]=] Equilibrium: Reaction Force X=0

Coefﬁcients of Proi n05|s SUSEng MOP)
fu model:

werqyapas 6> Rotational Speed n Reaction Force X depends on

INPUT : FLUID2] ARG Eccentricity - Eccentricity, Attitude Angle and
Rotational Speed

INPUT garamete3r

100

0 &0
CoP [%] of OUTPUT : my_fbx




| Reaction Force Y

& Coefficient of Prognosis |E||E”K' H 1 - 1
e Equilibrium Force = Reaction Force Y
full model: CoP = 99 %
5 INPUT : FLL{JIODZIB,ARGZ Attitude An |e _ .
: h : 2% & Reaction Force Y depends on
= d weut: o218 avcs Rotational Speed n | Eccentricity, Attitude Angle and
: . Rotational Speed
- INPUT : F;LIU&?218_AEI»” E Ic'ty A p
0 2‘0 4;0 60 80
CaoP [%] of OUTPUT : my_fby

Attitude Angle=- Attitude Angle=-60°

-

e 0. .
04 02 03 0.1 ARG1
10218, ARG] FLUID21E. . ®
o Eccentricity
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Pm-V? F
n-w Q

Number of relevant Parameter reduced by non-dimensional Analysis

So, shows Line for all Equilibrium Positions

So, shows Equilibrium on Axis for non-dimensional Load

Sommerfeld Number so=

« Wesponse surface 30 plot

=l @ e < Response surtace 3D piot
) nmnaLquum nmmmuww
oss = 35 % et 0f Progrosts = 100 %

Equilibrium So, =So(F-Load,n)

Objective ~ —\/F2 + (F,

o e = [ e

© Coetficient of Prognosis ol © Coeffident of Prognoss

Comda:fs of on\lno“ 1uﬁl§ah0?)

Coefticiants of oSk | MO
ORI
T T

-

INPUT 1 FLUID218_ARG2
M %

2

mRter
2

INPUT : FLUID218_ARG2
B%

1

INFUT para
INPUT par

1

a0 €0
CoP (%) of OUTRUT - my_SoX
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Asiyotrop Kl m-'mwmd'ﬂy oy
M:?:Nng Srogrosls

;IUO‘ E

65, 0.3

;J 02183 o 6000 (o1
Gy 0.1 \/"7000 B

© Coufliciont of Prognosis

Coeficients of Prognoss {u NGH)
full mocel CoP = n:"s?

)53

INPJT FLUIDI 8_ AF.('R

4

INPUT | QBIECTIVE_ARG)
10 %

INPUT parameter

INPUT | FLUID218_ARGS
20 %

P

S —



Find Equilibrium Position

il A Input:
8 = Static Structural ..
2 & Engineering Data + y EccentnClty =7?
3 g Geometry v . e Attitude Angle="?
4 Model v -
& Set:; > * Rotational Speed = 5000 rpm
6 § Solution v, e Equilibrium Force = 7000 N
7 i@ Results v
—> 8 [pd Parameters i . . .
Static Structural Optlmlzatlon:
* Objective > 0
e = Equilibrium
(pd Parameter Set
I Optimum/Equilibrium
- : - ¢ is validated by
W 5 Senstivity Simulation!!!
2 | ¥ DOE v o, —& 2 | = NLPQL v
3 MOP v ‘—/ 3 & Results v my_ob(]if (%a(ajlcglated)
4 & Resuts v Optimization, GGW m%_é%g(g%?ﬂ

Sensitivity, GGW

Relative Difference
Optimization on Response 0.5%

Surface = Equilibrium CoP = 98%

17 © 2017 ANSYS, Inc. June 19, 2018



18

optiSLang Usability

S S 7

Export Import MOP

Full model

N

o P || Y R S

D:\data\jeinzing\Tutorial\RigidBody\RotorDynamicHydrodynamicBearing\MyBearingFLUID218\MyBearingFLUID218, opd\Sensitivity MOP.omdb

Push-Button Import of
Meta-Model
Additional Calculation in
Excel with MOP-Solver

sOiver

opnsStang 6D
SUM - X v fio| =p25-p24
A F G H 1 J | K
2| Meta model database was imported from:
3 |
4| Extrapolat 0
5' FLUID218_ARG1 FLUID218_ FLUID218_OBIECTIV
6 my_objf
7 my_obj7
8 my_objé
9 | my_obj5
10 my_obj4
11 my_obj3
12 my_obj2
13 my_objl
14 my_fby
15| my_fbx
16 | my_SoY
17 my_SoX
18 | my_So
19 |
20 Parameters
21. Lower Bol 0.0021875 -89.7188 1021.875 1018.75
22. Upper Bou 0.6978125 -0.28125 7978.125 6981.25
23‘ 1D FLUID218 ARG1 FLUID218 FLUID218 OBJECTIVH
24 | 0.5 -45 4000 2000
25 dr 0.6 -45 4000
2% dphi+ 0.5 40 4000
27 dphi- 05" 50 4000
28 FX-FX0 -1131.51258

5w

Sheetl
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MOP solver
Metamode file:
Dr\data\peinzing\Tutonial\RigidBody
\RotorDynamicHydrodynamicBeanng\MyBearingFLUID218
WyBearingFLUID218 opd\Sensitivity MOP omdb
Genteate table template
¥ Write CoP Matrix
Open file with optiSLang post processing

Parameter names:

Fw H23KZ3
Response names

i 123:X23

Wiite CoP matnx at current selection

Sun MOE sohews

Run o | Current selection

| Extrapolation




Summary

% v vV l:l Y Y K\\ ]_ u v ) .\
o L |
= e
o T =
S SO\
I ( (L Y
o l l\\\‘ ) / lJ "l
o \_ "g" V4 _Equation
o o /
< Simplified Navier-Stokes Equation
pﬁ ng & Limited Modelling
-~ Damper

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

June 19, 2018

Computational Effort
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CFD&FEMW

Calculate Equilibrium:
Reduced Order Model is much
more efficient than 2-Way FSI !!!

* 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






