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License Agreement

Please review the following license agreement carefully before using the program By using this program and associated materials, you indicate your
acceptance of such terns and conditions. In the event that you do not agree to these terms and conditions, you should promptly return the package.

Each copy of DyRoBeS© is licensed to be installed and run on a single computer in a single site. If you wish to install and run on more than one computer, a
site license agreement is required. You may not transfer the program and license to another party. All intellectual property rights, trade secrets and other
proprietary material are owned by Eigen Technologies, Inc. (ETI).

This license is effective until terminated. You may terminate it at any time by destroying the prograns and related materials together with all copies,
modifications and merged portions in any form This license will also terminate immediately if you fail to comply with any provision of this agreement. You
agree upon such termination to destroy the prograns and related materials together with all copies, modifications and merged portions in any form.

Eigen Technologies, Inc. warrants the media on which the prograns are furnished, to be free from defects in material and workmanship under normal use for a
period of 60 days from the date delivery to you. ETI will replace any media not meeting the foregoing warranty and which is returned to ETI. The foregoing
warranty does not extend to any media which has been damaged as a result of accident, misuse, or abuse.

Limits of Liability and Disclaimer of Warranty

The author and publisher have used best efforts in preparing this manual, the program, and data on the electronic media accompanying this manual. These
efforts include the development, research, and verification of the theories and programs. But, due to the complex nature of this type of software, the author
and publisher make no expressed or implied warranty of any kind with regard to these programs nor the supplemental documentation in this manual, including
but not limited to, their accuracy, effectiveness, or fitness for a particular purpose. In no event shall the author, publisher, or program distributors be liable for
errors contained herein or for any incidental or consequential damages in connection with, or arising out of the furnishing, performance, or use of any of these
materials. The information provided by these prograns is based upon mathematical assumptions that may or may not hold true in a particular case. Therefore,
the user assumes all of the risks in acting on or interpreting any of the program results.
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Introduction

DyRoBeS© BePerf computer program has been developed to analyze the Bearing steady state and dynamic Performance of fixed lobe, flexural pad, and
tilting pad hydrodynamic journal bearings, and gas lubricated journal bearings based on the Finite Element Method (FEM). In addition to journal bearing
analysis, the program also performs thrust bearing analysis, lubricant properties analysis, and oil flow calculation. The acronym, DyRoBeS©, denotes
Dynamics of Retor Bearing Systens.

The program contains extensive modeling, analysis, and post-processing capabilities. This Window™ based software is very user friendly and easy to use.
The operation is entirely consistent with industrial standard operation in Window environment. Help can be obtained at any time by pressing <F1> key.

The governing equation for pressure distribution in a fhiid film journal bearing is incompressible Reynolds equation which is derived from the Navier-Stokes
equation, as expressed below. The fluid film forces acting on the journal are determined by application of boundary conditions and integration of pressure
distribution. It is an iterative process until the convergence criterion is satisfied. Once the static equilibrium is found, the bearing static performance, such as
bearing eccentricity ratio, attitude angle, minimum film thickness, maximum film pressure, frictional power loss, oil flow rate, etc., can be easily determined.
Under dynamic conditions, the journal is oscillating with small amplitudes around the static equilibrium position. The eight bearing dynamic coefficients
(stiffness and damping) are obtained by solving the perturbed pressure equations.

&Gop O

&

G, w oy

774

B[ 1 K oP| 8 1h36P_Ux%+E@+%
2 2@ Bt

where x is in the axial direction and y is in the circumferential direction. Gx and Gy called the turbulent flow coeflicients are the correctional terms of viscosity
caused by the turbulent diffusion:

G, =12+ 0.0043 Re™®  Axial direction
Gy =12 +0.0136 Re™  Circumferential direction

Uk
Re = Lideddd Local Reynolds number

iy
For laminar flow, Gx = Gy = 12. A critical parameter affected by turbulence is the shear stress acting on the shaft.
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where Cf'is the turbulent Couette shear stress factor. For laminar flow, Cf= 1.

The boundary conditions in the axial coordinate are that the pressure is ambient at the edges of the bearing pad. The Swift-Stieber or Reynolds boundary
conditions are applied in the circumferential coordinate. Film cavitation is considered and the transition boundary curve to the film rupture is determined by
iteration.

The governing equation for pressure distribution in a gas/air lubricated journal bearing is compressible Reynolds equation.

o (PR oP), a(Br 0P| UaEN AP
ol 12uox ) op\l2udp) 2 &x Bt

This compressible Reynolds equation is more difficult to analyze due to the existence of the pressure (P) in each terms compared with the incompressible
flow, which makes the problem non-linear. Weak formulation based on variational principle is applied for generating the finite element model for the boundary
value problems. Since this is a nonlinear problem, Newton-Raphson’s iterative scheme is utilized to solve the pressure increment, or pressure correction.
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The solutions techniques for the incompressible and compressible Reynolds equation are discussed in the book — Introduction to Dynamics of Rotor-
Bearing Systems by W. J. Chen and E. J. Gunter, 2005.

The BePerf program consists of seven primary functions:
1. Fixed Lobe Journal Bearing

2. Tilting Pad Journal Bearing

3. Floating Ring Bearing

4. Gas Journal Bearing

5. Thrust Bearing

6. Hydrostatic Bearing

7. Lubricant

8. Flow Calculation

See also DyRoBeS© Rotor.
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Getting Started

‘When you start the program, the following Main Frame Window appears on the screen. There are many ways to invoke a program. You can refer the
Window Help manual for details. Depending upon your Window setup and the time when you execute the DyRoBeS©, your screen may possibly look
different. The entire user’s manual can be viewed by click on the Help topics under the Help menu. Or you can press <F1> anywhere and anytime to get
help. In the help, you can click on any Green font topic to lead you to that topic. Click on How to Use Help now to see how it works.

You can also use the Context Help command to obtain help on some portion of DyRoBeS© BePerf. When you choose the Toolbar's Context Help button,
the mouse pointer will change to an arrow and question mark. Then click somewhere in the DyRoBeS© BePerf window, such as another Toolbar button.
The Help topic will be shown for the item you clicked.

"1 DyRoBeS_BePerf - Untitled M(=1E3
Project  Eixed-Lobe Tilting-Pad Floating-Ring  Gas-Brg Thrust  Lubricant-Flow  Tools  Wiew Help

Oj=| 282

Faor Help, press F1

BePerf 5/131



How to Use Help Table of Contents

Help Topics

Use this command to display the opening screen of Help. From the opening screen, you can jump to step-by-step instructions for using DyRoBeS© and
various types of reference information.

Once you open Help, you can click the Contents button to open the DyRoBeS© User’s Manual.

The help offers you an Index to topics on which you can get help. You can also use Find to find any particular word that you like to get help. You can press
<F1> at any time to get help.

Use the Context Help command to obtain help on some portion of DyRoBeS©. When you choose the Toolbar's Context Help button, the mouse pointer
will change to an arrow and question mark. Then click somewhere in the DyRoBeS© window, such as another Toolbar button. The Help topic will be shown
for the item you clicked.

‘When you are in the help screen, you can click on any GREEN font topics, this will lead you to that topic.
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Project

A Project is also called a File or a Document, which contains the bearing geometric and operating data. All the options under the Project are self-
explanatory. You can start with a new file, open an existing file, or close a file. These functions are also available in the analysis input dialog box. Eight most

recently used files are listed for quick selection.

Since the program can perform fixed lobe and tilting pad, dimensional and non-dimensional analyses, floating ring bearing, gas bearing, and thrust bearing
analyses. Several file extensions are used for different bearing types. They are:

LDI for Fixed Lobe Dimensional Analysis

NI for Fixed Lobe Non-Dimensional Analysis

TDI for Tiltng Pad Dimensional Analysis

TNI for Tilting Pad Non-Dimensional Analysis
FRB for Floating Ring Bearing

GDI for Gas Journal Bearing
TLT for tapered land Thrust Bearing

TPT for tilting pad Thrust Bearing

POC for pocket Thrust Bearing
HSJ for Hydrostatic Bearing

Default Settings

Calar Sizg__ -
RGE[255,000,.255] 1
RGEB[255,000,000]
RGE(152,000128]

RGE[000,000,.255]

OO | (O[O | D D | —

oo

RGE[128128.128]
10 RGE000128.128]
11 RGE[000,000,.128]
12 RGE[000,128.000]
13 RGE[132.128.000]
14 RGE[132,000.128]
15
16 RGE[000.128 255]
17 RGE[000 1921532
18 RGE[000. 192 036]
13 RGE[000.192 255]
20 RGE[000,000.000]

Line Size in General: |2

RIS AU RS RIS DU U DU U U S U S U ST U ST

Header/Title Font Settings

Fant: |Alia| ﬂ Shyle: |F|egu|ar ﬂ

|ma| Size: |4t Scale -

Label Font Settings

Font: |aial w | Style: |Regular -
|Arial Size: |Aubo Scale -

[v Draw Bearing Geometry with exaggerated clearance

[V Draw Preload based on Ch is fixed, otherwise Cp iz fized

[ Draw ' vertical dows for Shd Coar Spstemn

v Hutomatically Create [Owvenwrite] the . brg file when click RUM;

Ma. of zpeed labeled in E quilibrium Locus: |3

Speed labelz can be ovemwitten by O ptions-Settings

Open Save | Reset | Close |

Graphic Preferences Settings allows you to set your own preferences settings for many graphic features. You can save these settings into a preference file,
such as one for screen display, one for printer output. To change color for a specific setting, simply click the RGB color value to open the Color Dialog Box
for selection, as illustrated in the following figure. The startup preferences file named MyPreferences.bpf will be automatically opened and applied when
DyRoBeS-BePerf'is activated. This will be your own default startup file. If MyPreferences.bpf file does not exist, the default settings by ETI will be applied.
You can also restore the ETI defaults by clicking the Reset button.

You do not have to enter the file extension anywhere. The programtakes care of this extension. You can open all the different bearing files for different
analyses at the same time. The filename for the most recent one will be displayed in the frame title. Ifno file is open, then Untitled is displayed in the frame title
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as shown below:

"1 DyRoBeS_BePerf - Untitled

Lubricant  Flow  Wiew Help

Fixed-Lobe Mon-Dimensional File

Print Tilting/Flexural Pad Dimensional File
Prink Preview Tilting/Flexural Pad Mon-Dimensional File
Print Sekup. ..

Print to File Floating Ring Bearing

3as Journal Bearin
Graphic Preferences Settings c

Tapered-Land Thrust Bearing File
Tilting Pad Thrust Bearing File
Hydrodynamic Pocket Thrust Bearing

1 CH\MyFolder),.. \Brg3lobeZa
2 CH\MyFolder),.. . \Brg3Lobe

3 C:4000%junk, LMI

4 0000 Test

Exit

0Open a fixed-profile bearing dimensional data File
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Coordinate Systems
There are two coordinate systens are commonly used by bearing analysts and rotordynamicists:

(BTl {a[FI=ES | = Fandard Coordinat

Lund Coordinates

Standard Coordinat

1. Lund Convention

The first Cartesian coordinate system (X, ¥,Z) used to describe the bearing orientation and geometry is shown in the following figure. The coordinate system is
commonly used by the bearing analysts to study the bearing performance. The X-axis is chosen to be collinear with the bearing load vector (7). Note that X
axis does not have to be vertically down as shown in this sketch, it can be in any direction as long as X axis being aligned with the bearing load vector (7),

i.e., the load vector can be in any direction. Y-axis is perpendicular with the X-axis in the direction of shaft rotation. & s the circumferential angular
coordinate measured from the negative load vector (negative X axis) in the direction of shaft rotation.

W

e

X

A typical 3 lobe bearing using this coordinate system is shown:

Lund Convention

¢ & measured from (-X)
#, = Leading Edge g1 Win X Direction
# 5 = Trailing Edge Qil Supply Groove

The lobe leading and trailing edges for a 20-degree oil supply groove are:
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Lobe Mumber | Leading Edge | Trailing Edge
1 10 110
2 130 230
3 250 350

A typical 4-pads tilting pad bearing using this coordinate system is shown:

W = Pivot Angle
measured from (W)

Lund Convention
Win X Axis

Note that the tilting pad pivot angle is measured from the Negative Load Vector in Lund’s Coordinate System.
2. Standard Convention

The second Cartesian coordinate system (X, ¥,Z) used to describe the bearing geometry, shown in the following figure, is a more conventional standard
coordinate system and is commonly used by rotor dynamics analysts for the rotor dynamics study. X-axis is to the right and Y is to the top. The

circumferential angular coordinate, g , is measured from the positive X-axis in the direction of shaft rotation. The load vector () can be in any direction with
respect to the X-axis by a specified angle.

Y

TN,
A

W

A typical 3 lobe bearing using this coordinate system is shown:
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UVA Convention
£ measured from (X)

f, = Leading Edge 91 |Y W specified by & w
B 5 = Trailing Edge Oil Supply Groove

The lobe leading and trailing edges for a 20-degree oil supply groove now are:

Lobhe Mumber | Leading Edge | Trailing Edge
1 100 200
2 220 320
3 340 440

A typical 4-pads tilting pad bearing using this coordinate system is shown:

W = Pivot Angle UVA Convention
measured from (#X) dw measured from (X)

Note that the tilting pad pivot angle is measured from the Positive X-axis in the Standard Coordinate System. The load vector is specified by

an angle (0w) measured from the X-axis.

Each coordinate system has its own strength and weakness. The first coordinate system, commonly referred to be Lund’s convention, describes the bearing
geometry and load vector orientation by aligning the X-axis with the load vector. It is convenient in the bearing analysis. The disadvantage is that the bearing

geometric data are dependent upon the loading direction. For a gear driven rotor, load vector can be in any direction due to the power level (loading

condition) of the rotor. Then, for the same bearing analyzed with different loading direction, the bearing geometric data (leading and trailing edges of the lobe)
must be re-entered. For the second coordinate system, the bearing geometric data are independent upon the load vector. Additional parameter is required to
locate the load vector. The loading direction is specified by an angle. However, it is desirable to know the stiffness and damping coefficients in the loading

BePerf
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direction and it’s perpendicular axis. Therefore, a coordinate transformation may be needed to transform the bearing coeflicients to the loading direction.
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Fixed Lobe Journal Bearing

This module perforns the fixed lobe dimensional and non-dimensional analyses and displays results in text and graphic forms. The bearing stiffness and
damping coeflicients calculated from dimensional analysis can be output as a bearing file to be readily used by DyRoBeS© Rotor. All the input and output
data can be viewed from the Text Output option, while only the key output parameters are summarized in the Tabulated List and can be displayed in graphic
forms.

Fixed Lobe Bearing Geometry
Parameters used to describe the bearing geometry are defined in this section.

Fixed Lobe Dimensional Analysis

The dimensional analysis includes Constant Viscosity analysis and Heat Balance analysis. For Constant Viscosity analysis, user nust input a lubricant dynamic
viscosity and no temperature rise will be calculated. For Heat Balance analysis, user must select a ubricant type and input the lubricant inlet temperature. The
operating and maximum film temperatures will be calculated based on the heat balance method.

Fixed Lobe Non-Dimensional Analysis

The non-dimensional analysis is performed based on the given bearing eccentricity ratios.

See also Coordinate Systens, Tilting Pad Journal Bearing, Exanples, and Nomenclature.
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Fixed Lobe Bearing Geometry

The fixed lobe bearing is made up of a number of fixed circular arc segments called lobes or pads. The lobes are separated by axial lubricant supply grooves.
A three-lobe bearing is sketched to illustrate the parameters used to describe the bearing geometry. Clearances are exaggerated in the figure for illustrative
purposes.

8 Lund Convention

@ measured from (-X)
#, = Leading Edge g1 Win X Direction
# 5 = Trailing Edge Qil Supply Groove

Two coordinate systems can be used in DyRoBeS© BePerf and they are described in the Coordinate Systens Section.

The journal static equilibrium position is defined by the journal eccentricity (¢) and attitude angle ( ¢ ). Under dynamic conditions, the journal is oscillating with
small amplitudes around this equilibrium position. However, the bearing dynamic coeflicients (stiffiess and damping coeflicients) can be calculated in any
coordinate system (x,y,z) by specifying a Coeflicient Coordinate Angle in the bearing input data. The Coordinate Angle is measured from the X-axis (used to
describe the bearing geometry and the load vector) to x-axis (used to describe the bearing coefficients). See Coefficients Coordinate Angle.

The bearing radius at minimum clearance (Rb) for a centered shaft can be described as the radius of the largest shaft that could be inserted into the bearing. A
circle drawn based on Rb is referred to as a bearing base circle.

For a positive preloaded bearing, pad radius (Rp) is greater than bearing radius (Rb) and the circular pads are moved inward the bearing center. Thus, when
the journal is centered in the bearing, the pads are loaded by geometry effect. The fraction of the distance between pad center of curvature and bearing center
to pad radial clearance is called Preload:

I T T
C c,

F

when the preload is zero, the pad centers of curvature coincide with the bearing center and the bearing is cylindrical. When the preload has a value of 1, the
shaft touches all the pads and the bearing minimum radial clearance is zero. Typical preload value for a fixed lobe bearing ranges from 0.4 to 0.75.

Another key parameter used to describe the preloaded bearing geometry is the fraction of converging pad length to the full arc length. This parameter is called
Offset or Tilt and is given by the following expression:

g,-4! 2,
g =—=—
"92_‘9“ X

BePerf 14/131



The value of offset is meaningful only when the bearing is preloaded. At g P, the bearing has a minimum clearance for a centered shaft and the lobe arc

intersects with bearing base circle.

A lobe which is symmetrically located with respect to the centered journal, i.e. offset = 0.5, is defined as having no lobe tilt and the clearance space has equal

convergent and divergent arcs. An offset 0of 0.5 is commonly used to accommodate the reversal rotation of the shaft and also to avoid the problem of the

bearing being installed backwards. An offset less than 0.5 increases the diverging film thickness and is not desirable. Typical offset ranges from 0.5 to 1.0. For

an offset halves bearing, the offset could be larger than 1, depending on the position of pad center of curvature.

Several commonly used bearings are shown in the figures with clearance exaggerated for clarity. The capability of the program is not limited to these bearings.

Typical Bearing Types

Plain Cylindrical Journal Bearing
Partial Arc Bearing

Two Axial Grooves Bearing
Elliptical (Lemon Bore) Bearing
Offset Halves Bearing

Three Lobes Bearing

Four Lobes Bearing

Pressure Dam Bearing
Multi-Pocket Bearing

Step Bearing

Taper Land Bearing

See also Coordinate Systems, Nomenclature, Fixed Lobe Dimensional Analysis, Fixed Lobe Non-Dimensional Analysis, Exanples.

Fixed Pad Bearing - Dimensional Analysis

Camrnent; |Taper Land Bearing

Coordinates: |Standard Coordinates [%-Y)

=

el @i ? E[;ltr;alCiI[lgdncal Journal
2 - Two Ayial Groove
Elliptical [Lemon Baore)
Axial Length L g ?E{S:é E;l;;es
. |E-Four Lobe
Joumnal Dia. 047 . General Mult Lobes
Brg Fladial CIr Cb: 2 - Prezzure DamdStep/Pockets

10-"whorn Pocket
11-General Multi-brcs

Load Angle: |70 degree
K. and C Coordinate Angle: |0 degree

gLoad ='WDl +'w1 x RPM +w2 1 RPH ™2 L5

Mumber of Pads: K
Bearing Data for Pad # 1

Leading Edge: (100 Preload: |0
Trailing Edge: |200 Offzet: |0

Hew ‘ Open ‘ Save ‘

6.26 w1: |0 w2 |0
Speed [RPM]
75000 End: |?5mu Inc.: |1unu

t Dynarnic Viscosity: |1.62e-006 [Fewns]
Dengity: (0.03 [Lbrndin™3]

Click. kere for mare On

Adwanced Features

Save As ‘ Bun | LCancel

BePerf
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Fixed Lobe Dimensional Analysis

Table of Contents

Fixed Lobe Bearing Dimensional Analysis

The input screen for the fixed lobe bearing dimensional analysis is shown below and the input parameters are also described below.

Fixed Pad Bearing - Dimensional Analysis

Camrnent; |High Speed Compressor Test Beaning - Temperature rize - Tutbulence effect

Coordinates: |Standard Coordinates [#-Y) ﬂ Load Angle: IT degres
Bearing Type: |5 - Thee Lobe ﬂ K. and C Coordinate Angle: IU— degres
Aralysis Optior: [Hest Balance | Bearing Load = w0 + w1 x RPM + W2 s RPM"2 L5
Carwvert | Units: ’m el |520 Wl |D 2 |D
futal Length L 125 fiechi Rotor Speeds (FFM) |2 Addiional Speeds
Joumal Dia. D: |1.3783 finchi Star: 45000 End [S0000  Inc. [1000

Erg Radial CIr Ch; |0.002 (inch)

Lubricant: |Mabil DTE Light VG 32)

Leading Edge:

Freload: |0.5454 Advanced Fetaures

]
Trailing Edge: |160 Offset; |0.85 Tes

Hew ‘ Open |

Number of Pads: |3 Inlet Temperature: 120 [degF)
Bearing Data for Pad 1 1 Heat carried away: |30 [%]

[~

% | DyRoBeS_BePerf - C:\BePerf_ExampleM8rg 3-lobe_HeatBalance1b.LDI
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant-Flow  Tools  Wiew  Help

Di=| 282

High Speed Compressor Test Bearing - Ternperature rise - Turbulence effect

Y

Bearing Data -
L=125in
Ds=1.3789 in
Ch=0.002 in
2Ch/D = 0.0029
Cp = 0.00439947 in
Preload = 0.5454
Offset = 0.85
Thetal=E0
ThetaZ= 160 r

N\t

Load Angle = 230 L] -

Faor Help, press F1

Comment
This is used to describe the bearing under study.

Coordinates

BePerf
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Two coordinate systems can be used to describe the bearing geometry. One is the Lund coordinate system where the load vector is collinear with the X-axis.
Ore is the standard coordinate system where X-axis is to the right and Y-axis is to the top. The load vector direction is specified by an angle. Click here to
see more description on coordinate systemns.

[T 1R S Land ard Coordinates [=-7]

Lund Coordinates

Standard Coordin

Bearing Type

Several bearing types are provided in the list for selection. If the bearing under study is not in the list, select the General Fixed Profile type and input the
bearing geometrical data. This selection has been made for the convenience of the user since it allows the program to supply the user with typical defaults in
Number of Pads, Leading and Trailing Edges, Preload, and Offset. You are free to make your changes on these default data to suit for your need. Some
special bearing types are also included, such as pressure dam bearings, step bearings, nulti-pockets bearings, and taper land bearings, etc. These bearings
have discontinuity in the bearing clearance and require additional inputs, which are under the Advanced Features button.

Bearing Type: | RS Nl(==0Malsl=

- Plain Cylindrical Journal
1 - Partial Arc:

2 - Two Asial Groove

3 - Elliptical [Lemon Bore)
4

5

- Offzet Halves

- Three Lobe

- Four Lobe

- General Multi Lobes

- Prezzure Dam/Step/Pockets
- Taper Land

10-Warn Pocket

111-General Multibrcs

o000 = s

Analysis Option

The analysis can be performed in either Constant Viscosity or Heat Balance option. Depending upon the analysis type, the input dialog box changes
accordingly. For Constant Viscosity analysis, a non-zero lubricant dynamic viscosity is required, and a lubricant density is needed if turbulence effect is
considered. For Heat Balance option, user must select a lubricant from the list, input the oil inlet temperature, and estimate the percentage heat carried away
by oil. The operating and maximum film temperatures will be calculated based on heat balance method.

Lubricant Dynamic Yiscosity: | 1.5e-006 [Feynz]

Denzity: |0.03 [Lbriin™3)
Analyzis Option; | EENEEERTE Lubricant: [&mokon [S0-4VG 32 ﬂ
Heet Bakee Inlet Temperature: 120 [degF)

Heat carmed away: [30 (%]
Units
Two systems of units are provided, English or Metric units. See also Units.
Convert Button
The covert button allows you to convert the bearing input data from English to Metric or vice versa between two unit systens.
Axial Length (L)
Bearing (babbitt) axial length.
Journal Diameter (D)
Journal (shaft) diameter.
Bearing Radial Clearance (Cb)
Bearing assembled radial clearance. Cb = (Rb-Rs)
Number of Pads (Npad)

Number of lobes (pads) separated by oil supply grooves. Ifall the pads (lobes) are identical, only the first pad data are required. If there are not identical, or
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the Advanced Features are checked, then, each pad (lobe) data must be entered separately.

Pad #1 Leading Edge ( g 1) and Trailing Edge ( g 2)

The Leading Edge and Trailing Edge are the angles in degrees from the reference axis to the leading and trailing edges of the first pad. For the Lund
Coordinate System, the reference axis is the negative Load vector (-W). For Standard Coordinate System, the reference axis is the positive X-axis (X).

Preload (m)

%Gl _, &
C c,

F

ML=

Typical Preload value for a fixed lobe bearing ranges from 0.4 to 0.75.

Offset

6,-41 =z
g =—=—
"92_‘9“ X

where & p» 18 the angle from the reference axis to the line connecting the bearing center and the pad center of curvature. At this point, the bearing has a

minimum clearance for a centered shaft and the lobe arc intersects with bearing base circle. Typical Offset value for a fixed lobe bearing ranges from 0.5 to
1.0. Offset is meaningful only when preload is not zero.

Load Angle

The load angle is needed (and shown in the input screen) only when the Standard Coordinate system is selected. When Lund coordinate systemis selected,
the load vector is the same as the X-axis.

Coefficients Coordinate Angle

The coordinate system (x,,z) used to describe the bearing dynamic coefficients (stiffness and damping coeflicients) can be different from the (X, Y, Z)
coordinate systemused to define the bearing geometry. The Coefficients Coordinate Angle is the angle measured from the X-axis. For Lund Coordinate
System, 0 degree (i.e., x axis is in the loading direction) and 90 degrees (i.e., negative y axis is in the loading direction) are commonly used.

Bearing Load (W)

The bearing load is expressed as a second order polynomial fimction of rotor speed (rpm). This provides an opportunity to approximate the variation in load
with speed.

W=W, + W < mpm + W ~ ipm*
Rotor Speed (rpm)
Start, End and Increment Speeds specify a list of speeds at which calculations are to be performed.
Additional Speeds

Ifthe Additional Speeds is checked, additional speeds can be entered in additional to the speeds given by the Start, End and Increment Speeds.
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Additional Speeds in the Analysis @

Additional analysis speeds g
Mo o -

1 48532

2 49654

3

4

3

B

7

3

g

10

11

12

13

14

15 -

Lubricant

This mput is for Heat Balance analysis option only. If the lubricant used in the analysis is not in the list, you can enter it from the Edit Lubricant Library under
the Lubricant menu.

Inlet Temperature
This input is for Heat Balance analysis option. The lubricant inlet (supply) temperature.
Percent Heat carried Away by Lubricant

This input is for Heat Balance analysis option. Default is 80 %. Typical value for fixed lobe bearings is between 80-90%. The heat generated in the bearing
needs to be removed by lubricant and other means. Majority of the heat is removed by lubricant.

Lubricant Dynamic Viscosity

This input is for Constant Viscosity analysis option.

Lubricant Density

This input is for Constant Viscosity analysis option when the Turbulence effect is included. Turbulent effect is included in the Advanced Feature button.
Advanced Features

The advanced features allow you to include the turbulence effect, oil flooded, and types of boundary conditions in the circumferential direction. It also allows
for the clearance discontinuity in the individual pad. The Advanced Feature nust be checked (ON) for bearings with clearance discontinuity, such as Pressure
Dam Bearing, Multi- Pocket Bearing, Step Bearing, and Taper Land Bearing. Also, for 3D pressure file plot, the Advanced Feature must be checked.
Without Advanced Features, the pads are identical and no discontinuity in the bearing clearance for each pad. Therefore, only one (1) degree-of-freedom at
each finite element node, that is, pressure is unknown at each finite element node without the Advanced Feature. However, with Advanced Features, the
clearance can have sudden changes, such as pressure dam bearings and taper land bearings, therefore, three (3) degrees-of-freedomat each finite element
node are assumed, that is, pressure, and pressure gradients in both axial and circumferential directions at each finite element node are unknown and are to be
solved to accommodate the sudden changes in bearing clearance. With Advanced Features ON, the computational time will be greatly increased due to the
increase of the degrees-of-fieedom

Although 3 types boundary conditions are provided, one should always use Reynolds boundary condition for design and practical purposes. Sommerfeld and
half Sommerfeld (Gumbel) boundary conditions are only provided for educational and research purposes.

Pressure Dam Bearing
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Advanced Settings

" Sommerfeld [2 pi]

Circumferential Boundary Conditions

*" Repnolds (Swift-Stieber]  The Feynolds B it the most realistic v
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect

English Units: Angle - degree, Length - inches Murnber of Awial Elements: |8

. LCancel
uzed for educational purposes [ 0l Flooded

|ohe| Thetal | Theta 2 | Freload | Offzet | FPocketiic |F'DcketDe|3th| FPocketdsl | Relieffsl | Elements

1 10 170
2 130 350

0 ] 125 0.0ms 45 1] 25
0 0 0 a 0 1 25

%‘,._.

2/"

For pressure dam bearing with darm in the top pad and central relief track in the lower pad.
pocket arc

z| pocket arc |

pocket depth
i

pocket Relief Track

L 3 ;
relief‘-“ % Tieh
track ™. =

When the PocketAxL = Bearing Axial Length, pressure dam becomes a step as shown below:

Advanced Settings

Circurnferential Boundary Conditions

T ak
' Repnolds (Swift-Stieberl  The Reynolds BE is the most realistic v i —
" Gumbel [half Sommerfeld)  Gumbel and Sommerfeld BCs are only [v Turbulence Effect
. . LCancel
" Sommerteld 2 pi) uzed for educational purposes [ Oil Flooded

Enaglizh Units: Anale - degree, Length - inches Murnber of &xial Elements; |8

| ohe| Thetal | Theta 2 | Preload | Offzet | FPaocketire |F'c-cketDeDth Pocketdsl Reliefésl | Elements

1 10 170 0 0 125 0.0 [ 0 25
2 130 350 0 1] 1] a 0 1] 25

Step

7T

Tt

Taper Land Journal Bearing, click here for more descriptions on taper land bearings.
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| DyRoBeS_BePerf - C:1222Y000.LDI
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Yiew Help

D= 2K

Taper Land Bearing

Bearing Data
L=0732in
Ds=112761in
Ch=0005i0n
2ChiDr = 000266
Cp=00015in
Preload =0
Offset =0
Thigtar! = 100

arc center is specified by

1. Arc center offzet ()

2. Arc center angle from X
commonly, Arc Center Angle is
the same az the pad leading
edge angle, or iz located at the
micl of the ail groowve.

Theta2= 200

Taper Arc =90.135
Taper Fia = 0.565306
UncderCut = 0.00151
Taper AxL = 0635

Load Angle = 270
“Yiscosity =1 .62E-06 ‘<
Density = 0.03 e
Taper Arc

For Help, press F1

Fixed Pad Bearing - Dimensional Analysis

Comment: |Taper Land Bearing

Murber of Pads: |3

Bearing Data for Pad # 1

Leading Edge: (100 Preload: |0
Trailing Edge: {200 Offzet; |0

Coordinates: |Standard Coordinates [+-Y) j Load Angle; ’T degree
Bearing Type: |S - Taper Land ﬂ K. and C Coordinate Angle: ’D— degree
Analysis Dptior: [Constart Viscosity | Bearing Laad = W0 + W1 & RPM + w2 x RPM "2 —{L58
Units: [Engish | Wi [6.26 wi: |0 w2 [0
Azial Length L: |0.782 [inch) Fiotor Speed [RPM)
Joumnal Dia. D: [1.1276 linchi Start: |75000 End: |75000 Inc.: {1000
Erg Radial CIr Ch: [0.0015 [inch)
Lutricant Dynamic Yiscogi:  |1.62e-008 [Fewns]

Density; |0.03 [Lbrmdin™3)

Click. kere for more On

Adwanced Features

Save ‘ Save As ‘ Bun | LCancel |
Advanced Settings E|
Circurnferential Boundary Conditions
™+ Reynalds [Swift-Stieber) The Reynolds BT is the mast realistic v Advanced Features LI
" Gumbel [half Sommerfeld]  Gumbel and S ammerfeld BCs are anly v Turbulence Effect
. . LCancel
" Sommerfeld [2 pi] uzed for educational purposes [ 0Ol Flooded
Englizh Unitz: Angle - degree, Length - inches Murnber of Axial Elements: |B Leal

|ohe| Thetal | Theta 2 | Preload | Offzet | Lahd-Arc | Land-Hadius| Center-r | Theta | Arcabul | Elements
1 100 200 1] a 9015 0.565306 0.0015 100 0.658 25
2 220 320 1] a 9015 0.565306 noos 220 0.658 25
3 340 440 1] a 015 0.565306 0.0015 340 0.658 25
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Taper, Land Bearing Parameters E

Known Parameters

~ &icLength ~ &ic Radius ~ fuc Length Cancel
Urdercut Urdercut Arc Radius
Arc Length Arc Radius Center Offset :
9 Cetter Offzet L Cetter Offzet * Undercut Eun
Enown D ata Meeds to know 2 data

Arc Center Angle:

]1007 Undercut: ’W
FPad Leading Angle: ]1007 Az Length: ’W
ET #uc Radus: [1565306
Bearing Fadiuz [Fb]: ’W Center Offzet: ’W

Fad Trailing Angle:

For Taper Land Bearing, the undercut and taper length are normally specified in the design process, however, the arc center and arc radius are typically
specified in the manufacturing drawings. A Tools button is provided for this conversion.

Advanced Settings §|

Circurnferential Boundary Conditions

i+ Reynalds [Swift-Stisber) The Revnolds BT is the mast realistic v Advanced Features Ok
" Gumbel [half Sommerfeld]  Gumbel and S ammerfeld BCs are anly v Turbulence Effect

. . Lloze
" Sommerfeld [2 pi] uzed for educational purposes [ 0Ol Flooded

Enaglizh Units: Anale - degree, Length - inches Murnber of &xial Elements; (B

|ohe| Thetal | Theta 2 | Preload | Offset | Lahd-Arc | Land-Hadius| Center-r | Theta | Arcabul | Elements
1 100 200 1] a 90 0.565306 0.0025 100 0.658 25
2 220 320 1] a 90 0.565306 0.0025 220 0.658 25
3 340 440 1] a 90 0.565306 0.0025 340 0.658 25

e

Taper Land Bearing Parameters

Fnown Parameters

= Arc Length ~ Arc Radius ~ Arc Length Close
Urdencut Urdencut Arc Radius
Arc Length ~ Arc Radiug ~ Center Offzet
Center Offzet Center Offzet Undercut
Frnown D ata Meeds to know 2 data
Arc Center Angle: (100 Undercut: |0.002506

T

Pad Leading Angle: {100 Arc Length: |90
Pad Trailing Angle; |200 Arc Radiug: |0.565308
Bearing Radius [Rb]: |0.5653 Center Offzet; |0.0025

W

See also Coordinate Systens, Fixed Lobe Bearing Geometry, Fixed Lobe Non-Dimensional Analysis, Nomenclature, Exanmples, Units, Lubricant,
Coeflicients Coordinate Angle .
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Fixed Lobe Non-Dimensional Analysis Table of Contents

Fixed Lobe Bearing Non-Dimensional Analysis

The non-dimensional bearing analysis is performed based on the given bearing eccentricity ratios (e/Cbh). The input eccentricity ratios are separated by a
comma in the input string. For a given eccentricity ratio, an iterative procedure in determining the bearing attitude angle is repeated until the convergence
criterion is satisfied. The input parameters are:

Fixed Pad Bearing - Non-Dimensional Analysis

Comment: |Fi:-:ec| Lobe Mon-Dimenzsional dnalysis

Cooidinates: |Standard Coordinates (<] | Load Angle; |270 deqree
Bearing Type: |TWD Auial Groowe j K and C Coordinate Angle [degree]:

Mumber of Pads: |2 L/D: 1075 o

Bearing D ata for Pad #1

10 Preload: [0
Trailing Edge: 170 Offset: |0

Bearing Eccentricity Ratios [E/Ch). separated by commas
E/Ch: |D.D1,D.DE,DJ,0.15,0.2,0.25,0.3,0.35,0.4,0.45,0.5,D.E,D.?,D.8,D.S

Leading Edge:

Hew ‘ Open Save | Save fz Bun ‘ LCancel ‘

Bearing Type

Several bearing types are provided in the list for selection. If the bearing under study is not in the list, select the General Fixed Profile type and input the
bearing geometrical data. This selection has been made for the convenience of the user since it allows the program to supply the user with typical defaults in
Number of Pads, Leading and Trailing Edges, Preload, and Offset. You are free to make your changes on these default data to suit for your need.

Title

Length/Diameter Ratio (L/D)

Bearing Eccentricity Ratios (e/Cb) String

The eccentricity ratio is separated by a comma in the input string,
Number of Pads (Npad)

Coordinate Systems

Two coordinate systems can be used to describe the bearing geometry.

Pad#1 Leading Edge ( ;) and Trailing Edge ( & )

The Leading Edge and Trailing Edge are the angles in degrees from the reference axis to the leading and trailing edges of the first pad. For the Lund
Coordinate System, the reference axis is the negative Load vector (-W). For Standard Coordinate System, the reference axis is the positive X-axis (X).

Preload (m)

I e I B Y
C c,

P

Typical Preload value for a fixed lobe bearing ranges from 0.4 to 0.75.

Offset (or Tilt)
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where & p» 18 the angle from the reference axis to the line connecting the bearing center and the pad center of curvature. At this point, the bearing has a

minimum clearance for a centered shaft and the lobe arc intersects with bearing base circle. Typical Offset value for a fixed lobe bearing ranges from 0.5 to
1.0.

Coefficients Coordinate le

The coordinate system (x,),z) used to describe the bearing dynamic coeflicients (stiffiess and damping coeflicients) can be different from the (X, Y, 2)
coordinate system used to define the bearing geometry. The Coeflicients Coordinate Angle is the angle measured from the X-axis. For Lund Coordinate
System, 0 degree (i.e., x-axis is in the loading direction) and 90 degrees (i.¢., negative y axis is in the loading direction) are commonly used.

See also Coordinate Systens, Fixed Lobe Bearing Geometry, Fixed Lobe Dimensional Analysis, Nomenclature, Non-Dimensional Parameters, Coefficients
Coordinate Angle.
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Tilting Pad Journal Bearing Table of Contents

Tilting Pad Journal Bearing

For high speed and lightly loaded rotating machines, the bearings with fixed geometry are prone to self-excited vibration. Tilting pad (pivoted-pad) journal
bearings are widely used in high-speed machinery because of their stability characteristics even though they are more expensive than fixed profile bearings.
The bearing is made up of a number of pads (shoes) which are supported on pivots. The pads are free to tilt about the pivot points to accommodate the
journal motion. Dynamic effects from each individual pad are assembled to obtain the full bearing performance.

Under Tilting-Pad menu, there are analysis and postprocessor for dimensional and non-dimensional analyses. The bearing stiffhess and damping coeflicients
calculated from dimensional analysis can be saved as a bearing file to be readily used by DyRoBeS© Rotor. All the nput and output data can be viewed
from the Text Output option, while only the key output parameters are summarized in the Tabulated List and can be displayed in the graphic forms.

Tilting Pad Bearing Geonmetry
Parameters used to describe the bearing geometry are defined i this section.

Tilting Pad Dimensional Analysis

The dimensional analysis includes Constant Viscosity analysis and Heat Balance analysis. For Constant Viscosity analysis, user must input a lubricant dynamic
viscosity and no temperature rise will be calculated. For Heat Balance analysis, user must select a lubricant type and input the lubricant inlet temperature.
Supplied oil flow rate can also be entered if it is known. Otherwise, the side leakage flow will be used in the heat balance calculation. The operating and
maximum film temperatures will be calculated based on the heat balance method.

For heat balance calculation, the heat generated in the bearing is removed by the effective oil flow. The effective oil flow rate depends on many factors, such
as the bearing construction, the specified oil flow rate, side leakage, total circumferential inlet flow, ways to supply the oil, and ways to drain the oil flow, etc.
Several cases are considered:

1.When the supplied oil flow rate is NOT specified (i.e., Qsupplied = 0), the side leakage will be used as the effective oil flow. This is the default option and is
commonly required in the bearing design process to determine the mminmum required flow rate.

Qsupplied = 0, => Qeflective = Qside

2. When the specified oil flow rate is less than and equal to the side leakage (i.e., Qsupplied <= Qside ), the specified flow rate will be used as the effective
flow rate. Note, this starvation will result in overheated bearing and is not desirable.

Qsupplied <= Qside, => Qefective = Qsupplied

1. When the specified oil flow rate is greater than the side leakage (i.e., Qsupplied > Qside), the effective flow rate is estimated using the empirical
expression. Q Integration factor is a parameter used in the flow integration. Typical value for this Q integration factor from many test data shows that
the value is between 0.2 and 0.4 with an average of 0.25 to 0.3. This parameter heavily depends on the bearing construction, pad shape and design,
the orifice configuration, ways of supply oil, ways of drain oil, etc.

Tilting Pad Non-Dimensional Analysis

The non-dimensional analysis is performed based on the given bearing eccentricity ratios.

See also Coordinate Systems, Fixed Lobe Journal Bearing, PostProcessor, and Examples.
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Tilting Pad Bearing Geometry Table of Contents

Tilting Pad Bearing Geometry

A 5-pad tilting pad journal bearing is shown schematically in the following figure. Clearances are exaggerated in the figure for illustrative purposes.

W = Pivat Angle Lund Convention
measured from (-iY) Win X Axis

W = Pivot Angle UVA Convention
measured from (#X) dw measured from (X)

Two coordinate systens can be used in DyRoBeS© BePerf and they are described in the Coordinate Systems Section.

The journal static equilibrium position is defined by the journal eccentricity (e) and attitude angle ( ¢ ). Under dynamic conditions, the journal is oscillating
with small amplitudes around this equilibrium position. However, the bearing dynamic coeflicients (stiffiess and damping coefficients) can be calculated in any
coordinate system (x,y,z) by specifying a Coeflicient Coordinate Angle in the bearing input data. The Coordinate Angle is measured from the X-axis (used to
describe the bearing geometry) to x-axis (used to describe the bearing coeflicients). See Coeflicients Coordinate Angle.

The same concept of preload described in the fixed lobe bearings applies to the tilting pad bearings. Preload is defined as the fraction of the distance between
the pad center of curvature and bearing center to the pad radial clearance:

I T T
c c,

P
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Typical preload value for a tilting pad bearing ranges from 0.15 to 0.75.
The Offset, also called Pivot Ratio, is the fraction of the distance between the leading edge and the pad pivot point to the complete pad arc length:

_ A
b

@

The typical pivot offset ranges from 0.50 to 0.65, i.e. the pivot point can be anywhere from one-half the length of the pad to 65 % of the pad. A pivot ratio of
0.5 is also called centrally pivoted which is suitable for either direction of shaft rotation. For better load carrying capacity, the pivot point is usually placed
further than the midpoint (say offset = 0.55 ). An offSet factor less than 0.5 increases the diverging film thickness and is not desirable.

Since pad arc length and pivot offSet are used in tilting pad bearings instead of leading and trailing edges of the lobe described in fixed lobe bearings, the Pivot
Angle (%) must be specified in the tilting pad bearing to define the bearing orientation and load vector direction. Pivot Angle is the angle from the Negative
Load Line for Lund’s Coordnate System and from the positive X-axis for Standard Coordinate System to the first pad pivot point measured in the direction
of shaft rotation. Most tilting pad bearings are designed such that the pivots are symmetrical with respect to the load vector, i.e. the load is directed onto a pad
pivot or between two pivots. The Pivot Angles for Load on Pivot and Load between Pivots for the Lund’s Coordinate System are listed below:

Mpad Load an Pivat Load between Pivats
For even pads (2 4.6,8,... ) w=>0 w =180/Npad

For odd pads (3,5,7.9,...) w =180/Npad w=0

For small bearings, the pad inertia and pivot flexibility are usually neglected. For large bearings, the pad inertia and pivot flexibility can reduce the bearing
effective stiffniess and damping significantly. Several types of pad and pivot flexibility effect are included in the program. They are:

Rigid pivot with inertia effect
Spherical pivot - point contact
Cylindrical pivot - line contact
General curvatures

Constant stiffness

The most commonly used tilting pad bearings are 4 pads and 5 pads bearings.

4 pads tilting pad bearing
S pads tilting pad bearing

See also Coordinate Systens, Nomenclature, Tilting Pad Dimensional Analysis, Tilting Pad Non-Dimensional Analysis, 4 pads tilting pad bearing, 5 pads
tilting pad bearing, Fixed Lobe Bearing Geometry.
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Tilting Pad Dimensional Analysis

Table of Contents

Tilting Pad Bearing Dimensional Analysis

The input parameters for tilting pad bearing dimensional analysis are:

Tilt Pad Bearing - Dimensional Analysis

Coordinates: |5tandard Coordinates -] ﬂ

Analysiz Elption| Heat Balance - |

Corveert Units:m
Length L: |1.34 [inch)
Diameter D: ’? [inch)
Big Fladial Ci Cb: [00025 finch)
Bearing Preload: ’037 Single

Preload

MHumber of Pads:

4
Pad Arc Length: |72 dearee
Pad Pivot Offset: [0.5

Load Vector: |Lc-a-:| Between Pivats j

Caomment: |Ti|ting Pad Test Joumnal Bearing - Temperature Rize Test #1

Load Angle: | 104 degree

k. and C Coordinate Angle: |0 degree

Bearing Load ='W0 + W1 = RPM + W2 » [Lbf) "2
wi 560224 - [0 we [0

Ratar Speads [RPM] [ Additional Speeds

Start: |3?235 End: |D Inc: |'IDDD
Lubricant: |M0bil DTE Light [¥G 32 ﬂ
Inlet Temperature: IW [deq.F)
Heat caried away: |30 ]
Supplied Flow: |4 [GPR)
0.25

[ Integration Factar

Click here far
Pad/Pivat D ata...

Piseat Type: | MHeglect Pad/Pivat Effect

Save fz ‘ Bun ‘ Cloze |

Tilt Pad Bearing - Dimensional Analysis

Camment: |Ti|ting Fad Bearing with Spherical Pivot

Coordinates: |5tandard Coordinates (47 j

Analyziz Dption: Eonstant Yizoosity -
Conwert | Upits: |English -

Length L: |3.75 [inch)
Diameter O: [4.92 [inch)
Brg Fradial Cir Che |0.0033 [inch)

Eearing Preload: |0.5 Single

Preload

Mumber of Pads: |4
Pad Arc Length: |72 degree
Pad Pivot Offset 0.5

Load Yector: |Load Between Fivatz ﬂ

Load Angle: | 270 degree
k. and C Coordinate Angle: |0 degree

Bearing Load = w0 + w1 x BPM + w32 » (LB ™2
wi; 2850 wi: |0 w2 [0

Ratar Speeds [FP] [ Additional Speeds
Start; [3400 End; |3600 Inc: |100

Lubricant Dynarnic Yiscosity: [2.07e-006 [Reyn]

Click here for ; . - PRS-y |
Parl/Pvol Data. Pivat Type: |Sphencal Fiwat - Paint Contact
Mew | Open | Save | Save Az ‘ Bun ‘ Cloze
Comment

This is used to describe the bearing under study.

Coordinates
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Two coordinate systems can be used to describe the bearing geometry. One is Lund coordinate system where the load vector is collinear with the X-axis.
Ore is standard coordinate system where X-axis is to the right and Y-axis is to the top. The load vector direction is specified by an angle. Click here to see
more description on coordinate systems.

BTG 1R S Land ard Coordinat

Lund Coordinates
Standard Coordinat

Load Angle

The load angle is needed (and shown in the mput screen) only when the Standard Coordinate system is selected. When Lund coordinate systemis selected,
the load vector is the same as the X-axis and it is not displayed on the screen.

Analysis Option

The analysis can be performed in either Constant Viscosity or Heat Balance option. Depending upon the analysis type, the input dialog box changes
accordingly. For Heat Balance option, user must select a lubricant from the list, input the oil inlet temperature, and estimate the percentage heat carried away
by oil. The operating and maximum film temperatures will be calculated based on heat balance method. In addition, the oil flow rate can be specified for heat
balance calculation. If not specified, i.e. zero, then the side leakage will be used for the temperature rise calculation. For Constant Viscosity analysis, a
lubricant dynamic viscosity is needed.

Units

Two unit systems are provided, English or Metric units.
See also Units.

Convert Button

The covert button allows you to convert the bearing input data from English to Metric or vice versa between two unit systemns.
Length (L)

Bearing (babbitt) axial length.

Diameter (D)

Journal diameter.

Bearing Radial Clearance (Cb)

Bearing assembled radial clearance. Cb =Rb - Rs

Preload (m)

%Gl _, &
C c,

F

ML=

Typical preload value ranges from0.15 to 0.75 for tilting pad bearings.
Preload Button

Multiple preloads can be specified, i.e., different preload for different pad. Currently, the pad clearance is fixed, i.e., the pads are identical with the same pad
radius. While assembling the bearing, different preloads can be obtained by adjusting the pad location to form different bearing clearance. This restriction will
be elimnated in the next release and the user can select which clearance to be fixed.
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Different Preloads @

Thiz option allows for different preload for each pad.
Far multiple preloads, the radi of curvature of all the pads [Rp] are the zame.
i The Cpis kept constant, Ch and preload are varied for each pad.

The Ch and preload in the main page will be uzed as a reference.

For constant preload caze, this page is ighored. oK
Cp =Rp - Rs [Pad radial clearance = Pad radiuzs - Shaft radiug)

Cb =Rb - Rs [Brg radial clearance = Brg radius - Shaft radius]

Preload = m = [Cp-Ch)/Cp =1 - [Cb/Cp)

Loaded Pad: & Generally, Reference Pad shall be the loaded pad.

Reference Pad: | 5 Cp= 0.005 in

Parl Preload-m | Ch=Cp1-m] | Pivat Anale
1 0.3 0.00350 18.00
2 05 0.00250 30.00
3 0.3 0.00350 162.00
4 0 0.00500 234.00
5 0 0.00500 306.00
Number of Pads (Npad)

Number of pads (lobes) supported by pivots.

Pad Arc Length (degrees)
¥=6-4

Typical values are 55-60 degrees for 5 pads bearings and 70-75 degrees for 4 pads bearings.

Pad Pivot Offset

where A is the angle from the leading edge of the pad to the pivot point in the direction of shaft rotation. Typical pivot offset value ranges from 0.5 to 0.65.
Load Vector and Pivot Angle (%)

The bearing can be orientated such that the load vector is directed onto the pivot, between the pivots, or at any arbitrarily specified pivot angle. Most tilting
pad bearings are designed such that the pivots are symmetrical with respect to the load vector, i.e. the load is directed onto a pad pivot or between two
pivots. When you select either Load on Pivot or Load between Pivots, then you do not need to input the Pivot Angle (it will not be shown in the screen
either). The Pivot Angle will be calculated and updated automatically for you in these two cases.

Pivot angle is the angle in degrees measured from the Negative Load Line for Lund’s Coordinate System, and measured from the positive X-axis for
Standard Coordinate System to the first pad pivot point measured in the direction of shaft rotation. This angle determines the orientation of the bearing
assembly. When you select Specified Pivot Angle in the Load Vector selection, then you need to input the Pivot Angle.

Load Yector: | S e Fivot Angle: |45 degres

Coefficients Coordinate Angle

The coordinate system (x,),z) used to describe the bearing dynamic coeflicients (stiffiess and damping coeflicients) can be different from the (X, Y, 2)
coordinate system used to define the bearing geometry. The Coeflicients Coordinate Angle is the angle measured from the X-axis to the x-axis. Two most
commonly used values for Lund Coordinate Systens are 0 (i.e., x axis is in the loading direction) and 90 degrees (i.c., negative y axis is in the loading
direction).

Bearing Load (W)

The bearing load is expressed as a second order polynomial fimction of rotor speed (rpm). This provides an opportunity to approximate the variation in load
with speed.
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W=W, + W < mpm + W ~ ipm*
Rotor Speed (rpm)
Start, End and Increment specify a list of speeds at which calculations are to be performed.
Additional Speeds

Ifthe Additional Speeds is checked, additional speeds can be entered in additional to the speeds given by the Start, End and Increment Speeds.

Additional Speeds in the Analysis @

Additional analysis speeds aK
Mo om -

1 48532

2 49654|

3

4

5

B

7

g

g

10

11

12

13

14

15 -

Lubricant

This input is for Heat Balance analysis option. If the lubricant you want is not in the list, you can enter it from the Edit Lubricant Library under the Lubricant
menu.

Inlet Temperature

This input is for Heat Balance analysis option.

Percent Heat carried Away by Lubricant

This input is for Heat Balance analysis option. Typical value is between 75-90%, default is 80%.
Lubricant Supply Flow

This input is for Heat Balance analysis option. If non-zero value is specified, the temperature rise will be calculated based on this flow rate. Otherwise, the side
leakage will be used in the temperature rise calculation. In the tilting pad bearing design, end seals are commonly used to reduce the side leakage and the oil
flow rate is controlled by either oil supply orifices or drain holes.

For heat balance calculation, the heat generated in the bearing is removed by the effective oil flow. The effective oil flow rate depends on many factors, such
as the bearing construction, the specified oil flow rate, side leakage, total circumferential inlet flow, ways to supply the oil, and ways to drain the oil flow, etc.
Several cases are considered:

1.When the supplied oil flow rate is NOT specified (i.e., Qsupplied = 0), the side leakage will be used as the effective oil flow. This is the default option and is
commonly required in the bearing design process to determine the minimum required flow rate.

Qsupplied = 0, => Qeflective = Qside

2. When the specified oil flow rate is less than and equal to the side leakage (i.e., Qsupplied <= Qside ), the specified flow rate will be used as the effective
flow rate. Note, this starvation will result in overheated bearing and is not desirable.

Qsupplied <= Qside, => Qeflective = Qsupplied

1. When the specified oil flow rate is greater than the side leakage (i.e., Qsupplied > Qside), the effective flow rate is estimated using the empirical
expression. Q Integration factor is a parameter used in the flow integration. Typical value for this Q integration factor from many test data shows that
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the value is between 0.2 and 0.4 with an average of 0.25 to 0.3. This parameter heavily depends on the bearing construction, pad shape and design,
the orifice configuration, ways of supply oil, ways of drain oil, etc.

Q Integration Factor

Typical value for this Q integration factor from many test data shows that the value is between 0.2 and 0.4 with an average of 0.25 to 0.3.
Lubricant Dynamic Viscosity

This input is for Constant Viscosity analysis option.

Pad/Pivot Data

Several types of Pad/Pivot configurations are available in this program. When you click on Pad/Pivot Data Button, a new dialog box will pop-up as shown
below. The input parameters are based on the type of Pivot Flexibility selection. The dialog box will change itself depending upon the selection. Only the
parameters required will appear in the dialog box. For Spherical Pivot and Cylindrical Pivot, the radii are always positive. For General Curvatures, the
radii are positive if the center of curvature lies within the given body, i.e., the surface is convex, otherwise, the radii are negative. The pivot stiffiness is derived
from the deflection equation (references, Young and Hanrock). Caution must be taken when input Rotational Stiffhess for Flexure Pad Bearing. The pad
assembly method for tilting pad bearing is based on the assumption that the pads are free to tilt about the pivot points.

Pad/Pivot Data 3

ST S T S phernical Fiveat - Paint Contact ok

) Meglect Pad/Pivot Effect o
Pad Mass: |0 | Ricid Fivot - Free to Tilt with Inettia Effect [Lbrn-in"2] Close

Spherical Pivot - Point Contack

Distance fram Py Cylindrical Pivat - Line Contact [ir)
General Cureature
Constant Stiffness

Poizson's Ratio: |D- X |U.29
Elastic Modulus: | 16000000 23000000 (LbfAn"2]
Radius: |5-12 5125 i

X
0k

b
Pad Mazs: |0 [Lborm) Inertia: |0 [Lbmm-n"2] Close
Distance from Pad Center of Curvature to Pad CG.: |0 [in]

Pad/Pivot Data

[T T M eglect Pad/Pivot E ffect

Fad Data Houzing Data
Paoizson's R atio: |D |D
Elastic Modulus: |D |EI [LbfAin™2]
Radius: |0 o fin]
Effective Length: o [ir]
Asial Fadius: 0 o fin]

Radial Stiffress: |0 [Lbfdin)
Tangential Shffness: |0 [LbfAin)

Rotational Stiffress |0 [Lbf-inrad)

X]
[].4

Inertia: |0 [Lbm-in"™2] Close
Diztance from Pad Center of Curvature to Pad CG.: |0 (in]

Pad/Pivot Data

ST A YT (i Pliveiot - Free b Tilk with [nertis Effec
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Pad/Pivot Data

ST A T |5 pherical Pivat - Paoint Contact

Pad Mass: |0 [Lbrm) Inertia; |0 [Lbrn-in"2]
Diztance from Pad Center of Curvature ta Pad CG; |0 [ir]

Fad Data Houzing Data
Poiszon's Ratio: |D- 3 |D-29
Elastic Modulus: | 16000000 (23000000 (Lb#/in"2)
Rladius: 512 [5.125 il
Pad/Pivot Data
Pivat Flesibiity: |[General Curvature |

b
Pad Mass; |0 [Lbrn) Inertia; |0 [Lbrn-in™2]
Distance from Pad Center of Curvature to Pad .G |0 [in]

Fad Data Houzing Data
Paoizson's R atio: |D- e |D-2S
Elastic Madulus: | 15000000 (23000000 [Lbfin™2]
Radius: |5.12 5125 fin]

Note: Negative

Asial Fadius: [5.12 5125 fin]

Pad/Pivot Data

Pivot Flexibility: |Canstart Stiffness =]

Pad Mass: |01 [Lbm) Inertia; |0.001 [Lbm-ir 2]

Diztance from Pad Center of Curvature ta Pad CG |25 [in]

Radial Stiffress: | 10000000 [LbFein)
Tangential Shffness: |0 [LbfAin)
Rotational Stiffness, | 2600 [LEfir/rad)

DK
Cloze

Close

Cloze

See also Coordinate Systens, Tilting Pad Bearing Geometry, Tilting Pad Non-Dimensional Analysis, Fixed Lobe Bearing Geometry, Nomenclature, Units,

Lubricant, Exanples, Coefficients Coordinate Angle .
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Tilting Pad Non-Dimensional Analysis Table of Contents

Tilting Pad Bearing Non-Dimensional Analysis

In the non-dimensional tilting pad bearing analysis, the effects of pad inertia and pivot flexibility are neglected.
Number of Pads (Npad)

Coordinate Systems

Two coordinate systens can be used to describe the bearing geometry.

Pad Arc Length (degrees)

r=6-8

Typical values are 57 degrees for 5 pads bearings and 72 degrees for 4 pads bearings.

Pad Pivot Offset

where A is the angle from the leading edge of the pad to the pivot point in the direction of shaft rotation. Typical pivot offset value ranges from 0.5 to 0.65.
Length/Diameter Ratio (L/D)
Bearing length / diameter ratio.

Preload ()

| -
W= it et 1— g
C}-’ CP’
Typical preload value ranges from 0.15 to 0.75 for tilting pad bearings. Multiple preloads are allowed with a constant Cp. The different preloads are
separated by a comma in the input string, That is, one can enter a preload string, such as, 0.5,0.5,0.3,0.3 for a 4-pads bearing and 0.4,0.5,0.4,0.25,0.25 for
a 5-pads bearing, If only one preload value is entered, then it is a constant preload bearing, For nultiple preloads, the various Cb for each pad are calculated
based on the pad preload value and the constant Cp.

Zy =|1—m|-Cp

In the data normalization, preload at the loaded pad will be used. That is the Cb at the loaded pad will be used as the reference.
Load Vector and Pivot Angle (%)

The bearing can be orientated such that the load vector is directed onto the pivot, between the pivots, or at any arbitrarily specified pivot angle. Most tilting
pad bearings are designed such that the pivots are symmetrical with respect to the load vector, i.e. the load is directed onto a pad pivot or between two
pivots. When you select either Load on Pivot or Load between Pivots, then you do not need to input the Pivot Angle. The Pivot Angle will be calculated and
updated automatically for you in these two cases.

Pivot angle is the angle in degrees measured from the Negative Load Line for Lund’s Coordinate System and measured from the positive X-axis for Standard
Coordinate System to the first pad pivot point measured in the direction of shaft rotation. This angle determines the orientation of the bearing assembly. When
you select Specified Pivot Angle in the Load Vector selection, then you need to input the Pivot Angle.

Coefficients Coordinate Angle

The coordinate system (x,),z) used to describe the bearing dynamic coefficients (stiffiess and damping coefficients) can be different from the (X ¥, 2)
coordinate system used to define the bearing geometry. The Coeflicients Coordinate Angle is the angle measured from the X-axis to the x-axis. Two most
commonly used values for Lund Coordinate Systems are 0 (i.e., x axis is in the loading direction) and 90 degrees (i.e., negative y axis is in the loading
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direction).
Comments

See also Coordinate Systems, Tilting Pad Bearing Geometry, Tilting Pad Dimensional Analysis, Nomenclature, Exanples, Fixed Lobe Bearing Geometry,
Non-Dimensional Parameters, Coeflicients Coordinate Angle .

Tilting Pad Bearing - Non-Dimensional Analysis

Camment: |Ti|ting Pad Bearing. Load Between Pivotz

Coordinates: |Standard Coordinates [+-Y) j Load Angle: degree

Murnber of Pads: ’57 k. and C Coordinate Angle: IUi dearee
FPad &rc Length: ’507 degree Length/Diameter: |U57
Pad Fivat Offzet; ’057 Bearing Freload: Ini

Load Yector: |Loac| Between Fivatz j

Bun | Cancel ‘

Mew | Qpen Save | Save bz
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Floating Ring Bearing

Table of Contents

Floating Ring Bearing

The floating ring bearing can be treated as two fluid film bearings in series. The inner film bearing has two rotating surfaces (journal and ring), and the outer film
bearing has one rotating surface (ring). The ring speed is calculated based on the torque balance of the ring due to inner film and outer film However, the user

can also specify the speed ratio in the input. There are 3 options for the analysis:

1. Constant viscosity — user specify the inner and outer film viscosities.

2. Heat Balance — user specify the lubricant type and inlet temperature. The program will calculate the effective viscosity based on the heat balance in the

lubricant.

3. Speed Dependent Variables — User can specify the variables, such as viscosities, clearances, and speed ratios as a function of speed. This option is
mainly used for the rotor time transient analysis without tedious bearing calcuation.

Compressoe End Bearing

Bearing Data
Li=11.28 mm
Lo=14 mm

Ds = 12,9937 mm
Di=13.0353 mm
Do =200711 mm
Db = 20,1854 mm
Wr=0.0218 ky
Ci=0.0178 mm
Co=0.05715 mm
CofCi=321

Y

Speed Ratio is Calculated
Load Angle = 30

\=

Constant Viscosities — specify the viscosities

X Inner
Filn
11
Outer
Filn
Ci =(Di-Ds)/2
Co=(Db-Do)/2
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Floating Ring Bearing

Comment; |C0mpressoe End Bearing

Coordinates: |Standard Coordinates [

Corwert | Units: |Metric -

Shaft Diameter Ds:

Bearing Diameter Db:

Flaating Ring Drata

Mass mr:

Inner Length Li:
Cuter Length Lo
Inner Diameter Di:

Cuter Dianneter Do

129397
20.1854

—

[rarn)]

(]

kal

(rarm]
(rarm]
(rarm]

[mm]

Ring#Shaft Speed Ratio: |0.35

=

Load &ngle: |30 degree
K. and C Coordinate Angle: |0 degres

Bearing Load = w0+ « BPM + w2 2 BPM™2 - [N]

Wk |1 W1 |D W |u

Rotor Speeds (RPM] [ Additional Speeds

Start; |suunu End: |‘IEDDDU Inc.: |EDDD

LU0 - Constant Vi I ﬂ
Ring Speed: |Spe-:ified by zer j
Inner Film Wiscozity: Imi [cPoize]
Outer Filmn Yiscozity: lﬂi [cPoise]

%)

Mew |

Open

Save

Ci= 0.0178, Co= 0.05715, Co/Ci= 3.2107, Ro/Ri= 1.5440, Estimated Speed R atio= 0.3509

Save Az Bun Cloge

Heat Balance — specify the ubricant type, inlet temperature, supply flow, and percentage of heat carry away by lubricant. If the supply flow is not known,
enter zero. A sufficient oil flow will be assumed to prevent starvation. In general, about 50-80% of the heat generated by the lubricant shear force is carry
away by the lubricant.

Floating Ring Bearing

Comment; |C0mpressoe End Bearing

X]

Coordinates: |5landard Coordinates [<-7) ﬂ Load Angle: IEIEI— deqree
Convert | Units: [Metric :" K. and C Coordinate Angle: IU— degree
Shaft Diameter Ds: W (riri) Bearing Load = W0+ W1 » APM + w2 » RPM"2—(N)
Bearing Diameter Db ’W [mm) [ |'| Wil |D W2 |EI
Floating Ring Drata
Msss ’W tkal Rotor Speeds [RPM] [ Additional Speeds
inver Longth i [1128 o) Start: (60000 End: 150000 Ine. |G0D0
Duter Length Lo: ’147 rarn] finalysis: ﬂ
Iier Diameter D |13.0353 (mm] Ring Speed: |Calculated from Tomque Balance j
Oeicipliiale: Cor Lubricant: [Typicsl SAE 10-40 =]
Inlet Temperature: Ieui [degC]
Supply Flow: |0 (lpm]
Heat Carry Away: lﬁﬂi 4
Ci= 0.0178, Co= 0.05715, Co/Ci= 3.2107, Ro/Ri= 1.5440, Estimated Speed R atio= 0.3509
Mew | Open Save Save Az ‘ Bun | Cloge

Speed Dependent Variables — specify the viscosities, clearances, and speed ratios vs. rpm if known.
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%)

Floating Ring Bearing

Comment: |Test Bearing

Coordinates: |Standard Coordinates [%-1] ﬂ Load &ngle: |30 degres
Convert | Units: [Metric :" K. and C Coordinate Angle: |0 deqree
Shaft Diameter D= |12.3337 {mim) Bearing Laad = Wil + W1 x RPM + W2 & RPM™2 —[N]

Bearing Diameter Db: |20.1854 (] Wil |1 W |n W2 |u
Flaating Ring Drata -
Mass me 10,0218 kgl Rator Speeds [RPM) [~ Additional Speeds
nner Length Li |11.28 - Start; 60000 End [150000  Inc. [6000
Outer Length Lo: |14 [mm] EOE T2 - S pecify aria z. Jourmal P
Inmer Diameter D |13.0353 () Rihg Speed: |Ealculated fram T orque Balance j
Outer Diameter Do; |20.0711 [
Yariables
Wi
FiPh

Ci= 0.0178, Co= 0.05715, Co/Ci= 3.2107, Ro/Ri= 1.5440, Estimated Speed R atio= 0.3509

d

Mew | Open Save | Save Az ‘ Bun | Cloge |

Speed Dependent Variables

Journal Speed: ipm. Viscosity: cPoize, Radial Clearance: mm

RPh | Inner Yiscogsity | Outer Yiscogity | Inner Clearance | DuterCIealancel Speed Ratio |+
1 EO000 927 16.35 001va 005715 0285
2 30000 7.7 1574 0.07a 0.05715 0.253 o
3 120000 £.82 15.25 0017s 0.05715 0239
4 160000 E12 14.34 [IRINIE] 005715 0225
]
5
7
g
|
10
Il
12
13
14
15 hd
Inzert Bow Delete Row Impoit . xls Exsport * xls
PostProcessor
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Project  Fixed-Lobe Tilking-Pad Gas-Brg  Thrust  Lubricant-Flow  Hwdrostatic

Tools

Wiew

Help

0 | le ? |*?| Floating Ring Bearing

Texk Qukput
Tabulated List

Oj/C1+C2) Eccentricity Ratio
Or/CZ Ring Eccentricity Ratio
QijriCl relative Eccentricity Ratio

Bearing Data

Li=11.28 mm All 3 Eccentricity Ratios
Lo =14 mm 4, Qs Equilibrium Positions
Ds = 12,3337 mm Pressure Profiles at L.
Di = 13.0353 mm
Do = 200711 mm Speed Ratio vs, RPM
Db = 20.1854 mm Power Losses vs., RPM
hir=0.0218 kg Wiscosities vs. RPM
Ci=0.0178 mm Temperature Rises vs, RPM
Co=0.05715 mm Clearances vs. RPM
Co/Ci=321

Oukput K, C for DvRoBeS_Rokor

Speed Ratio is Calculated

Load Angle =50

B Floating Ring Bearing Data

Options  Profile  Film

Bearing Data Test Bearing

LiLa=1128, 14 mm
Ds Di= 129997, 13.0253 mm Y
Do Db = 200711, 20,1854 mm
Ci,Co=0.0178, 0.0571 mm
Co/Ci=321

hr=0.0215 kg

Mui = B.82554 cPoige

Muo = 1562634 cPoise

Speed Ratio = 0.240505

Load =1218 M

Raotor RPM = 120000 rpm

ejf(Ci+Co) = 0.0370

hmin = 0.0176585, 0.05448588 mm
Proax = 154,193, 81.2472 kPa

Loss =1.3239 kWY

Kiwx wy = B.B2E+H13, 7 B5E+4 Nirmm
Kiyx yy = -1.10E+05, 4. 63E+HI3 Nirmm
Cixx xy = 1.0ME+DT, -7.88E-01 MN-s/mm
Ciyx yy = -7 83E-01, 1. M1 E+HD1 M-s/mm
Koy xy = 5.85E+02, 3 49E+HI3 N/mm
Koy yy = -4.64E+13, 1. 43E+02 N/mm
Cox wy = 2.32BE+00, -2 35E-01 N-s/mm
Coyx,yy =-2.35E-01, 3.07EHID M-sfmm
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B Floating Ring Bearing Data

Oplions

Eccentricity Ratios

0125

0.100

0.075

0.050

0.025

0.000

Test Bearing
Heat Balance Analysis - Speed Ratio is Calculated

0j

Cjr
40000 BOOOO 80000 100000 120000 1t1IZIIZIE|LIJ
Fotor Speed (rpm)

160000

M Floating Ring Bearing Data

Dptions

FBX

Ring/ournal Speed Ratio

0.50

0.40

0.0

0.20

0.10

0.oo

Test Bearing
Heat Balance Analysis - Speed Ratio is Calculated

\

40000 0000 20000 100000 120000 140000
Rotar Speed (rpm)

160000
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M Floating Ring Bearing Data

Oplions
Test Bearing
Heat Balance Analysis - Speed Ratio is Calculated
3.00
240
Total
o
#1180
v
[}
A
o
2 120 Inner
o Filn
0.60 .
Outer Filin
0.00

40000 BO000

80000 100000 120000 140000 160000

Fotor Speed (rpm)

M Floating Ring Bearing Data

Dptions
Test Bearing
Heat Balance Analysis - Speed Ratio is Calculated

a0

72
o
w
n

o 5y
o
=

= Inner Film

[w

= 35
mw
'_

18 Outer Filmn
o
40000 BO000 80000 100000 120000 140000 160000
Rotar Speed (rpm)
See also Exanples.
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Gas Journal Bearing

Table of Contents

Gas Bearing - Fixed Lobe Bearing Dimensional Analysis

This option is for gas bearing application. The compressible Reynolds equations are solved to obtain the equilibrium position and bearing dynamic

coeflicients.

See also Coordinate Systens, Fixed Lobe Bearing Geometry.

Fixed Pad Gas Bearing - Compressible Flow

Comment: |Cha|:-ter B Example E: A gaz journal bearing

Coordinates: |Lund Coordinates [+ = W] j

Bearing Type: |F'Iain Cylindrical Journal ﬂ

Unitz: |Englizh -

Mumber of Pads: |1

Bearing Load ='W + W1 & BPM + W2 x RPM ™2 {55

Length L: |1 finch) Wi [12.9 wi: | w2 [0
Diamster D: |1 [inch) Ratar Speed (RPM)
Big Radial CIr Ch; |0.0008 finch] Start: |5280|J End: |D Inc.: |D
Ambient Fressure; |14.7 [psi) Gas Dynaric Viscosity |2 7e-003 [Rewns]
I Pressurized Feed Pressure: |0 [psia)  Side Pressure; 2=0: |14.?‘ 2=l |14_.T"

K and C Coordinate Angle: |0 degree

Mumber of Axial Elements: |4

Pad Theta 1 | Theta 2 | Preload | Offzet | Elerments
1 a 360 a 20
Hew Qpen Save Save As ‘ Bun | LCancel |

B Gas Journal Bearing Data

COptions  Profile

Chapter B Example 6: A gas journal bearing

L=1in, D=1 in, Cb=0.000& in, preload= 0, offzet=0
Speed = 52300 rpm

Load =129 Lbf

WHLD =129 psi

Yis. = 27E-09 Reyns

Lamda = 4.2315

Sh=0127N

E/Ch = 055978

Att. = 24 78 deg

hrmin = 02414 mils Y
Pamb = 14.7 psi

Prrax = 22,4023 psifg)
Hp = 00212346 hp
Stiffness (Lbfin)
7.O013E+04 7 ASSEHIZ
1A05E+04 4 252E+04
Damping (Lbfs/in)
2.370E+I0 -8.895E-01
7EZ2E01 2126E+00
Critical Journal Mass
Stable
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B Gas Journal Bearing Data

Options  Profile

Chapter 6 Example & A gas journal bearing
[=1in, D=1 in, Cb= 00006 in, preload= 0, offset=0

P 7

rprn = 52300
EfCh = 0.85978

Amb. Pressure = 14.7
Mlax. Pressure (g) = 22.403
30 - Pressure Profile Theta

See also Exanples.
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Thrust Bearing Table of Contents

Thrust Bearing Analysis

Three most commonly used thrust bearing types are included in this program They are: tapered-land thrust bearing, tilting-pad thrust bearing, and
hydrodynamic pocket thrust bearing. The analysis is based on the following references:

1. Machinery’s Handbook by Eric Oberg, Franklin D. Jones and Holbrook L. Horton, Industrial Press Inc., New York, NY 10157
2. Bearing Design and Application, by Donald F. Wilcock and E. Richard Booser, McGraw-Hill Book Company, New York, NY, 1957.

3. The Hydrodynamic Pocket Thrust Bearing, by Donald F. Wilcock, ASME Trans. 1955, pp. 311-319.

A complete FEA thrust bearing analysis is also available (DyRoBeS-ThrustBrg) which analyzes various thrust bearings with the Reynolds equation coupled
with the energy equation in uni- or bi-directional rotations. Both pressure and temperature distribution can be obtained in this FEA program. This is a separate
program from BePerf..

%1 DyRoBeS_BePerf - Untitled =13
Project  Fixed-Lobe Tiking-Pad Floating-Ring  Gas-Brg RS

Ol 782 and Thrusk Design
—U —u Tilting Pad Thrust Analysis
Hydrodynanic Pocket Thrust ﬁ

ricant-Flow  Tools  Yiew Help

Tapered-Land Thrust Bearing Analysis

Taper Land Thrust Bearing

Tapered Land Thrust Bearing

Thrust Bearing

8 pads
1.0.=1.62510n
o0 =3in

Groowve = 0.1 in

1D Taper=0.005in
QD Taper=0.003in
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Tapered Land Thrust Bearing Analysis E|

Comment: |High Speed Compressor Thiust Bearing

Convert | Uity [English — « Lukbricant; |.-’-‘n.m-:konISI:I-VI3 k) j

Mo, of Pads: |8 Imlet Temmperature; |122 (deg.F)
Iner Diameter |D: |1.625 [in] Inlet Pressure: |20 [psi]

Outer Diameter OD; |2 fin] Fatar Speed [rprm]; 25000

il Groove Width: (0.1 [in] Eearing Load ' |1040 [Lbf)

Tapers [0DwID); |0.0030 0.0050 (inches) or 0.07623 0.1270 [mm) » |

Taper Yalue (& 0OD: |0.003 fi] @0 |0.005 [in]
Mew | Open ‘ Save ‘ Save Az Bun ‘ Cloze ‘
Taper Land Thrust Bearing Design Tool

Tapered Land Thrust Bearing Design Tool @

Camnent: |Ta|:-er latd Thruzt Bearing Design Toal

Convert | Urit: [Eralish = Lubricant Mobil DTE Light VG 32) |

Inner Diameter 1D: |21 (i)

Irlet Temperature: 140 [dea.F]

Design Criteria [limitz]

Max # of Pads: |10

Inlet Pressure: |25 [psi]

Rotor Speed (rpm): |3600

R an .
Fin. Filn Thickness: [rrilz] Bearing Load w: [2000 (LE)
Max Average Pressure; 500 [psi]
Max Tempersture Rize: |30 [deq.F] Cancel ‘
Tilting Pad Thrust Bearing
Tilting Pad Thrust Bearing
Thrust Bearing
6 pads .
ID.=7in Pivot
0.0.=151in .
Radial Width = 4 in ITJ'"d
a

FPad Length=4.781in
FPad Arc = 4948 deqg
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Tilting Pad Thrust Bearing Analysis

Comment: |Ti|ting Pad Thrust Bearing - English units

Corwert | Upits: [Engish =] Lubricant; |Amokon [S0-VG 45 =]
Mo. of Pads: |B Irnlet Temperature: 1na [deg.F)
Inner Diameter 1D: I?i [in] Inlet Pressure: ’207 [psi]
DOuter Diameter O0: |15 [in) Rotor Speed (rprm): | 3600

Circ. Pad Length: |4.75 [in] Bearing Load W (70000 [LEf]

Padwidth = 4.00, Arc = 49.48 degree

MNew ‘ Open | Save ‘ Saveﬁs‘ Bun | Cloze ‘

Pocket Thrust Bearing

Hydrodynamic Pocket Thrust Bearing

Thrust Bearing

4 pockets

1D.=1.351n
0.0.=265in
Groowve=0191in

Darn Width = 0.06 in
Rarmp Depth = 0.00225 in
Pocket Depth = 0.045in
Pocket Ratio=0.5

Hydrodynamic Pocket Thrust Bearing Analysis @

Comment: |D_I,JF| oBeS-Beperf

Convert | Units: [English = Lubricant: [Mobil DTE Light G 32) |
Inlet Temperature; {125 [deaF]

Irrer Diameter [D: |1.3725 (in] Inlet Pressure; |20 (]

Mo, of Pockets:

Outer Diameter 0D: |27 (in] Fiotar Speed [ipm]; |22322

0l Groowe Width: |0.225 (in] Bearing Load " |703 [LBf]
Dram “idth; [0.085 [in] Ramp Depth; |0.0032 firi]

Pocket Depth; |0.05 [in]

Mew | Open ‘ Save ‘ Save Az

Pocket Length Ratio:

iR

Cloze ‘

sample outputs from the program ThrustBrg
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ap 0

Options  Display

Previous

Case 0 Pressure Distribution - Prmin = 0.000, Pmax = 1210 751 (psi)

Tilting Pad Thrust Bearing

1210.75
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Dptions

Case

Pressure

v Filmn Thickness

Temperature

Tilting Pad Thrust Bearing

3.6953

1.05211

Casze 0 Film Thickness - hpivot = 195771, hmin = 1.09211, hmax = 3.6953 (mils)
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Options Zase

Pressure
Film Thickness Tilting Pad Thrust Bearing

v Temperature

Casze 0 Temperature - Tsup = 120,00, Tmin = 136.24, Tmax = 188.09, T75 = 166.12 (degF)
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Hydrostatic Bearing Table of Contents

Hydrostatic - Hybrid Bearing Analysis

Hydrostatic journal bearing design is very different from the design of hydrodynamic bearings. Many design concepts are findamentally different; such as
increasing the load (or bearing eccentricity) will increase the bearing stiffhess due to the higher hydrodynamic resistance for a hydrodynamic bearing,
However, increasing the load (or bearing eccentricity) for a hydrostatic bearing may lower the bearing stiffness due to the higher pressure ratio, Pr/Ps (Recess
pressure/supply pressure). For hydrostatic bearing, the bearing stiffness is mainly influenced by the Pr/Ps, however, the recess pressure is controlled by the
flow through the land and the restrictor (capillary, orifice, etc.). For more information on the hydrostatic bearing design:

H.C. Rippel, “Design of Hydrostatic Bearings,” Machine Design, Part 1-10, Aug, 1 to Dec 5, 1963.

J. P. O’Donoghue and W. B. Rowe, “Hydrostatic Bearing Design,” Tribology, Vol. 2, Feb. 1969.

A. Cameron, “Basic Lubrication Theory,” 1981.

J. Frene, etc., “Hydrodynamic Lubrication: Bearings & Thrust Bearings,” Editor: D. Dowson Elsevier, 1990.

W. B. Rowe, “Hydrostatic, Aerostatic, and Hybrid Bearing Design,”, Elsevier, 2012

Since the design of the hydrostatic bearing is mainly in the restrictor design, therefore, a design tool is also provided in this program
Hydrostatic-Hybrid Journal Analysis

All the mputs are self-explanatory, the recess data are described below:

o -1 Red , i+1 Q
b(i-1) ecess | b(i+1)

Slot
@

a

recess arc

Theta=0 recess
position

For recess I, the recess position is measured from theta = 0 to the center of the recess. Note that the oil supply hole may not be at the center in many
situations. But, that does not affect the recess pressure. Recess position is used to identify the recess location.

I-1 is the previous recess number, it can be 0 if T is connected to the slot, not another recess.
I+1 is the next recess number, it can be 0 if T is connected to the slot, not another recess.

Assuming N is the total recess numbers. For the first recess (I=1), I- 1 will be either N (cyclic symmetric and not slot) or 0 (if slot exists). For the last recess
(I=N), I+1 will be either 1 (cyclic symmetric and no slot) or 0 if slot exists.

b(I-1) is the nter-recess land between I and I-1.

b(I+1) is the inter-recess land between I and I+1.

a is the axial land width per side.

Pad number is needed only if bearing is preloaded and/or tilting pad bearing. Each pad is separately by the oil slot.

Three different restrictor types can be used in this progranm: They are: Capillary, Orifice, and constant flow. Many examples are provided for reference.
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RBETS Example - Coal Pulverizer - Flow is specified per Recess

Y
Bearing Data
L=28in
Ds=901in
Ch=00Zin
2Ch/D = 0.0004
Recess Ang = 236, 304 A

Recess Arc =32, 32
bii-1y =10, 36

bii+1) = 38, 10 4

2 Theta =55, 55
slot = 240.00, 0.00

a=99in
Depth=0.1,0.17in
Ps =100 psi

Restrictor = Qr
Yiscosity = ZE-06 (Reyns)

Far Help, press F1

==

>

MM

Hydrostatic - Hybrid Journal Bearings

Camment; |HBTS E=ample - Coal Pukverizer - Flow iz specified per Recess

Journal Dia. D ’E!Eli

Axial Length L: ’287
BigRadial Ch Cb: [002
2
l"i

Mo, of Recesses

Mo, of Pumps:

MHew ‘ Open |

Coordinate System: |5tandard Coordinates <], theta from +¥ [pos X ﬂ Analpsiz; |lsothermal -
Convert | Urits: |English | in LEF, psi, degF. Bevnz, Lbmdin™3, gpr. mpm

Recess Data Mo, of Pads; |0 Pad Data
K sl | W Load | Angle
1 12 12800 270
Pump Data Mo. of Loads: |3 Load D ata 2 12 15000 270
g 12 0000 270

Supply Pressure iz the pressure before the Restrictor
Flowy Capacity is used for reference only

Fzupply = psi; Qeupply = gpm; Eff = 0-1

M Psupply | Haupply | Efficiency

0.75

1 100 0

Wiscosiy, |2E-08 Diensity: |IJ Parmib: |El

Mate: Pad data required only when preload exists

Load = Lbf; Angle = degree

Save g ‘ Run | Caticel ‘

[ Fillin the data if all the recesses are identical and cyclic syrmmetric, then all other recess data will be duplicated from the 1st recess.
i-1, and i+1 are the adjacent recess numbers for the ith recess, o indicates the slot, if no axial slat, then -1 for the 1st recess is NR
Paozition, &rc, bi-1, bi+1 = degree; a Land, Depth, de, do. |c = in; Pr = psi; Gr = gpm

Mn | Position | i-1 | i+1 | A | bi-1 | bi+1 | a-Land | Depth | Fad | Pump | Restrictor Qr |
1 236 a 2 32 10 36 4 01 a 1 Or Specified - | 10 1]
2 04 1 a 32 36 10 9 01 a 1 Ur Specified - 10 1]
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ol 2

Bearing Data
L=3in
Ds=3in
Ch=00012 in
2Ch/D = 0.0005

15t Recess Ang =0
Recess Arc = 48.54
bii-1) = 11.46

bi+1) = 1146

2 Theta=60
a=02in

Depth = 0.05 in

Ps =150 psi
Restrictor = Capillary

Yizcosity = S5E-06 (Reyns)
Density = 0.03 (Lbm/in~3)

Far Help, press F1

Hydrostatic Journal Test - Rowe - Capillary Restrictor

-

Hydrostatic - Hybrid Journal Bearings

Camment: IH_l,ldrostatic: Journal Test - Fowe - Capillary Restrictor

Jourmnal Dia, D: |3
Amial Length L: |3
Erqg R adial CIr Ch: IU-UU'I 2

Coordinate System: IStandard Coordinates [4-Y), theta from + [pos ] LI Analysis: |lsothermal

Carvvert | Unitz: IEninsh 'I in, Lbf, pzi, degF, Reyns, Lbm/in™3, gpm, rpm

Wisoosity: |5E'|35

Density: IU-U3

Parnb; IU

Mote: Pad data required only when preload exists

Mo, of Recesses: IE Recess Data Mo, of Pads: ID Pad Data
Mo. of Pumps: |'| Pump Data Mo. of Loads: |1 Load Data
Mew | Open | Save Save As | Bun |

Supply Prezsure is the prezsure before the Restrictor
Flow Capacity iz uzed for reference only

Psupply = pzi; Qzupply = gpm; Eff = 01

hn Psupol | Qsupply | Efficiency

1 150 077 1

Loading Data

Load = Lbf; Angle = degree

Mo mm | Wload | Andle
1 1000 0 0

Recess {Pocket) Data

[~ Fill in the data if all the recesses are identical and cyclic symmetric, then all other recess data will be duplicated from the 1t recess.
i1, and i+1 are the adjacent recess numbers for the i-th recess, o indicates the slot, if no arial slot, then -1 for the st recess is MR
Pozition, &rc, bi-1, bi+1 = degree; a Land, Depth, de, do. ¢ = in; Pr = psi; Gr = apm

Mo | Posion | i1 | i+l | A | bid | bi#l | aland | Depth | Pad [Pump|  Reshictor | I

1 i 3 2 4354 1145 114E 0z 0.05 0 1 Capllay v | 0035 162828
2 E0 1 3 4854 1145 1146 0z 0.05 0 1 Capllay | 0.035 162829
3 120 2 4 4854 1145 1146 0z 0.05 i 1 Capllay | 0035 162828
4 150 3 5 4354 1145 1148 0z 0.05 i 1 Capllay | 0035 162828
5 240 4 4854 1145 1146 0z 0.05 0 1 Capllay | 0.035  16.2829
g 200 5 1 4854 1146 1146 02 0.05 i 1 Capllay = | 0035 162828
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Hydrostatic - Hybrid Journal Bearings

Comment: |H_l,ldmstatic Jourmal Test - Rowe - Orifice Restrictar

Coordinate Systen: |Standard Coordinates [=-1), theta from ++ [poz ] ﬂ fnalysiz: |lzothermal -
Corwert | Unitz: |Englizh w | in, Lbf, psi, degF. Reyns, Lbmdin™3, gpm, rpm

Joumnal Dia, D: |3
) ; |73
geallentll Yiscosity: |DE-08 Density: |D-U3 Pamb: |D

Erg Rradial CIr Che |0.0012
G En MNote: Pad data required only when preload exists

Mo. of Recesses: Recess Data Mo, of Pads: |0 Pad Data

B
Mo, of Pumps: |1 Pumnp Data Mo. of Loads: |1 Load Data

Mew | Open ‘ Save Save hg ‘ Fiun ‘ Cancel

[ Fillin the data if all the recesses are identical and cyclic syrmmetic, then all other recess data will be duplicated frarm the 1st recess.

i1, and i+1 are the adjacent recezs numbers for the i-th recesz, o indicates the glot, if no axial zlot, then i1 for the 1zt recess iz MR

Pasition, &rc, bi-1, bi+1 = degree; & Land, Depth, de, do. o = in; Pr = psi; Gr = gpm

No | Posion | i1 | i+l | A | bid | biel | aland | Depth | Pad | Pump|  Restictor do Cd
1 o 3 2 4854 0 1146 1145 nz 005 i 1 Orfice | 0.0072 05
2 0] 1 3 4854 1146 1146 0.2 0.05 0 1 Oifice | D0.0072 0§
3 120 2 4 4854 1146 1146 0.z 005 0 1 Oifice = | 0.0072 05
4 180 3 5 4854 1146 1146 0.z 0.05 0 1 Oifice | D0.0072 05
5 240 4 6 4854 1146 1145 0.2 005 0 1 Oifice =] 0.0072 05
g 300 5 1 4854 1146 1146 02 0.05 ] 1 Orifice = | 0.0072 05

Hydrostatic - Hybrid Journal Bearings

Camment: |H_l,ldrnstatiu: Jourmal Test - Rowe - Specified Flaw

Coordinate Sypstem: |Standard Coordinates [%-7). theta from ++ [pos =) ﬂ Analpsis |lsothermal -
Correert | Uitz |English w | in, Lbf, psi, degF. Reyns, Lbm/din™3, gpm, rpm

Joumnal Dia, D: |3
i K]
Avial Length L: Wiscosity: |SE-06 Drensity: |U-D3 Pamit: |IJ

Brg Fiadial CIr Ch: |0.0012 . _
fanadal Mote: Pad data required only when preload exists
Mo, of Pads: |0 Pad Data
Purnp Data Mo, of Loads: |1 Load Data

Mo, of Pumps:

Mo. of Fecesses: |6
’17

Hew Open Save Save Az Bun LCancel

Recess (Pocket) Data

[ {Fillin the data if all the recesses are identical and cyclic syrmetic, then all other recess data will be duplicated from the 1st recess

Pagition, &rc, bi-1, bi+1 = degree; a Land, Depth, dc. da. Iz = in; Pr = psi; Gr = gpm

i1, and i+1 are the adjacent recess numbers for the i-th receszs, o indicates the glot, if no axial zlot, then i-1 for the 1st recess is MR

Mo | Posion | i1 | i+l | A | bid | birl | aland | Depth | Pad | Pump | Restictor G

1 o 5 2 4854 1146 1146 0z 0.05 i 1 Qi Speciied v | 0.008813 0
2 &0 1 3 4854 1146 1146 0z 0.05 0 1 GrSpeciied v | 0.008813 i
3 120 2 4 4854 1146 1146 0z 0.05 0 1 OrSpecified w | 0.008313 0
4 180 3 5 4354 1146 1146 02 0.05 0 1 GrSpeciied v | 0.008813 0
5 240 4 6 4854 1146 1146 0z 0.05 0 1 QrSpecified w | 0.008313 0
g 300 5 1 4854 1145 1145 02 0.05 0 1 OrSpecified v | 0.009813 ]
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Ol 2K

Hydrostatic Journal Test - PP 425

Bearing Data -

L =100 rrem

Ds =120 mm

Ch=0.1 mm

2Ch/D =007 i y o

15t Recess Ang=0 ,r’ Q !

Recess Arc = B9.95 I'

bii-1)=2005 —3 > 1
L
4

hii+1) = 2005

2 Theta=190
a=18 mm .
Depth =3 mm Y V !

Ps=12MPa ., w

Restrictor = Capillary
Yiscosity = 85 (o)
Density = 0.85 (g/CC) . -

Faor Help, press F1 MM

Hydrostatic - Hybrid Journal Bearings

Comment: |H_l,ldrnstatiu: Journal Test - PP 425

Coordinate System: |Standard Coordinates [#-v). theta from +% [pos %] ﬂ Analpsis |lsothermal -

Conwert | Unitg; |Metric = | mm, Mewtan, MPa, degC, cPaize, gram/CC, lpm, rpm

Joumal Dia. D: {120

i - {100
Avial Length L: Wiscasity: |29 Drensity: |U-85 Pamit: |IJ
Brg Fiadial CIr Ch: |01 ) )
1 IRl Ll Mate: Pad data required only when preload exists

Mo, of Pumps:

Mo. of Recesses: |4 Recess Data Mo, of Pads: |0 Pad Data
1 Pump Data Mo, of Loads: |2 Load Data

Hew Open Save Save Az R LCancel

Recess (Pocket) Data

I ¥Fill in the data if all the recesses are identical and cyclic symmetric, then all other recess data will be duplicated from the 13t recess)

i-1. and i+1 are the adjacent recess numbers for the ith recess, o indicates the ot if no axial slot, then -1 for the 1st recess is WA
Position, Arc, bi-1, bi+1 = degree; a Land, Depth, de, do, Ic = mm; Pr = MPa; Qr = lpm

Mn | Position | i-1 | i+1 | Arc | bi-1 | bi+1 | a-Land | Depth | Fad | Fump | Restrictor dc | Ic
1 1] 4 2 E3.95 20.05 20.05 14 3 a 1 Capilay =] 12 53
2 a0 1 3 E3.95 20.05 20.05 14 3 a 1 Capillary  ~|[ 12 Jats]
3 180 2 4 E9.95 20.05 20,05 18 3 a 1 Capillary  ~[ 12 ha
4 270 3 1 E3.95 20.05 20.05 18 3 a 1 Capillary = 12 58
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Bearing Data

L =36 mrm
[s=73.934 mm
Ch =0.066 mm

2Ch/D =007

15t Recess Ang=0
Recess Arc = &0
bii-13=15
bii+11=15

2 Theta = G5

slot = 10.00

a =10 mm

Depth = 0.85 mm
Ps=125MPa
Restrictor = Crifice

Faor Help, press F1

I

Bearing example from Carlo's report - Fixed Lobe Bearing

.
)/-'

0
\

)
L/

-4 -

A\

1

f

MM

Pump Data

Comment; |Eearing example from Carla'z repart - Fised Lobe Bearing

Journal Dia. D: |79.984 Lfsrieem:
iial Length L |36
Erg R adial CIr Ch; |0.086
Mo, of Recessas: |4 Recess Data
Ma. of Pumps: |1 Purnp Data
Mew | Open ‘ Save

Coordinate System: |Standard Coordinates (-7, theta from + [pos x ﬂ Analysis; |Heat Balance -

Convert | Units; |Metric | mm, Newton, MPa, degC, cFPaize, gram/CC, Ipm, rpm

Mobil DTE Light [¥G 32]

| ket T [45
Pamb: |0

Mate: Pad data required only when preload exists

Supply Pressure is the pressure before the Restrictor

Flow Capacity iz uzed for reference only

Psupply = MPa; Qzupply = lpm; Eff = 01

Pzupply | Lzupply | Efficiency

125 100 0.75

Load = Newton; Angle = dearee

Ko (=] | W Load | Angle
- |0
Rollse Pad Data [ oo 430 270
2 15000 490 270
Mo, of Loads: |3 Load D ata 3 20000 490 270
Sawve Ag | Run ‘ Cancel |

Recess (Pocket) Data

[ Fillin the data if all the recesses are identical and cyclic sprmmetric, then all ather recess data will be duplicated from the 13t recess.
i1, and i+1 are the adjacent recess numbers for the ith recess, o indicates the zlat, if no aial slot, then i1 for the Tzt recess is MR
Poszition, &rc, bi-1, bi+1 = degree; a Land, Depth, de, do, Iz = mm; Pr = MPa; Gr = lpm

Mo | Poson | i1 [ i+l | e | Bl | b+l | aland | Depth | Pad [ Pump | Restictor d | cd
1 0] o i 50 15 15 10 0.95 1 1 Difice  v| 17 0EN
2 a0 ] 0 50 15 15 10 085 2 Oifice =] 1.7 0E1
3 150 ] ] 50 15 15 10 0.85 3 1 Oifice  v| 17 0N
4 270 1] 0 50 15 15 10 0.85 4 1 Oifice ~| 1.7 051

Hydrostatic Journal Analysis Design Tool

This tool is provided for the restrictor design.
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Hydrostatic Journal Bearing Design Tool

Convert | Units: |English - in. deg, psi. repns. Lbm/in"3

Lalculate

Journal Dia. D0 |3 Circumferential land b: |11.43 degree
fial Length L |3 Auial side land width & |0.2 a/L = 0067

e Rlec=48.51 deqg, 2T heta=R0.00 deg, b=0.30 in
Brg Radial Cir Ch: |0.0012 d q

i : Supply Pressure Py |150
Festrictor: |Capillary Tube -
Recess Pressure Pr. |75 Pr/Ps= 0.5000

Required for Flow and Power Lozs Analyzes Results

Yiscogity: |Se-006 Reyns Stiffress

8.7075E+05 Lbffin

| de"4/Le = 9.218E-08, Min. de = 0.0123 [in) Total Flov Fiate
0.052877 GPM
Le: |1 628202 de: |EI.I335 Ledde= 465,22 |
Pumping Loss Friction Loz
Speed [1pm): (1000 |Jzed in Friction Loss PN

Mo, of Recesses: |B Aial Slot o |U degres

| 0.00463 hp 0.161 hp

Recess Depth: |0.05

Hydrostatic Journal Bearing Design Tool

Convert pits: |Metric - mm, deg. MPa, cPaize, gram/CC

Lalculate

Mo, of Recesses: |B Aial Slot o |U degres
Journal Dia. D |76.2 Circumferential land b |11.43 deqree
fwial Length L |76.2 Ayial side land width a: |5.08 a/L = 0.067

Flec=48.51 deg, 2Theta=60.00 deg, b=7.54
Brg Radial Ci Cb: |0.03048 = =9 cihEa = m

Supply Pressure Py [1.03421355
Restrictor: |Capillary Tube -
Recess Pressure Pr. [0.517106775  Pr/Ps= 0.5000

Fequired for Flow and Power Loss Analyses Fesults

Yiscosity: [34.473785 cPrise Shiffness

1.5243E+05 N/mm

| de™4/Lc = 00015102, Min. de = 0.3114 (mm) Total Flow Rate
| 0.20016 Liter/Min

Le: |413.583?1 de: |El.889 | cAdo= 46522

Purping Loss Friction Loss
Speed [rpm]: {1000 Usged in Friction Loss e

| 000345 kw 012 k'w
Recess Depth: |1.27
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Hydrostatic Journal Bearing Design Tool

Convert | Units: |English - in. deg, psi. reyns. Lbm/in"3

Lalculate

Jourmal Dia, D: |3 Circumferential land b: |17.43 degres
Avial Length L |3 Ayial side land width & (0.2 a/L = 0.0E7

Rec=48.51 deg, 2Theta=60.00 deg, b=0.30 in
Brg Radial Cir Ch: |0.0012 g q

Supply Pressure Py |150

Festrictor: |Qrifice Feed -
Recess Pressure Pr. |75 Pr/Pz= 0.5000

Required for Flow and Power Lozs Analyzes Results

Wiscosity: |5e-008 Reyns Shiffhess
Density; |0.03 Lbradin™3 1.0733E+08 Lbi/in

| A0 = 4.07E-05 (in"2), da = 0.0072 [in] for Cd = 0.6 Total Flove Rate
| 0.052877 GPM

Cd: |D.E da: |u.nu?2

Pumping Loss Friction Loz
Speed [rpm): |1000 |Jzed in Friction Loss PN

Mo, of Recesses: |B Aial Slot o |U degres

| 0.00463 hp 0.161 hp

Recess Depth: |0.05

Hydrostatic Journal Bearing Design Tool

Convert pits: |Metric - mm, deg. MPa, cPaize, gram/CC

Lalculate

Mo, of Recesses: |B Aial Slot o |U degres
Journal Dia. D |76.2 Circumferential land b |11.43 deqree
#wial Length L. |76.2 Auial side land width a: |5.08 a/L = 0.067

Flec=48.51 deg, 2Theta=60.00 deg, b=7.54
Brg Radial Ci Cb: |0.03048 = =9 cihEa = m

Supply Pressure Py [1.03421355
Restrictor: |Drifice Feed -
Recess Pressure Pr. [0.517106775  Pr/Ps= 0.5000

Fequired for Flow and Power Loss Analyses Fesults

Wiscosity: |34.473705 cPoise S
Dengity: |0.830397 gram/CC 1.8833E+05 M/mm

| Ao = 0026258 (mm”2). do = 01828 fmm) for Cd = 0.6 Tatal Flow Rate
| 0.20016 Liter/Min

Cd: |D.E da: |u.1 5285

Purping Loss Friction Loss
Speed [rpm]: {1000 Usged in Friction Loss e

| 000345 kw 012 k'w
Recess Depth: |1.27
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Hydrostatic Journal Bearing Design Tool

Convert | Units: |English - in. deg, psi. repns. Lbm/in"3

Lalculate

Jourmal Dia, D: |3 Circumferential land b: |17.43 degres

i Supply Pressure Py |150
Festrictor: |Constant Flow -
Recess Pressure Pr. |75 Pr/Ps=

Required for Flow and Power Lozs Analyzes Results

Yiscogity: |Se-006 Fieyns Stiffness

Mo, of Recesses: |B Aial Slot o |U degres
Avial Length L |3 Ayial side land width & (0.2 a/L = 0.0E7

e Rlec=48.51 deqg, 2T heta=R0.00 deg, b=0.30 in
Brg Radial Cir Ch: |0.0012 d q

0.5000

Constant Flaw R estrictar Total Flow Rate

1.4175E+06 Lbffin

| 0.052877 GPM

Pumping Loss Friction Loz
Speed [rpm]: [1000 |Jzed in Friction Loss P

Recess Depth: |0.05

| 0.00463 hp 0.161 hp

Hydrostatic Journal Bearing Design Tool

Convert pits: |Metric - mm, deg. MPa, cPaize, gram/CC

Lalculate

Mo, of Recesses: |B Aial Slot o |U degres
Circumferential land b: |11.43 degree

Jourmal Dia, 0

Supply Pressure Py [1.03421355
Restrictor: W
Recess Pressure Pr. (0517106775 Pr/Ps=

Fequired for Flow and Power Loss Analyses Fesults

Yiscosity: [34.473785 cPrise Shiffness

7E.2
fwial Length L |76.2 Ayial side land width a: |5.08 a/L = 0.067

Flec=48.51 deg, 2Theta=60.00 deg, b=7.54
Brg Radial Ci Cb: |0.03048 = =9 cihEa = m

05000

Canstant Flow Restrictor Tatal Flow Rate

2.4824E+05 N/mm

| 0.20016 Liter/Min

Purping Loss Friction Loss
Speed [rpm]: {1000 Usged in Friction Loss e

Recess Depth: |1.27

| 0.00345 kW 012 kW
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Hydrostatic Journal Bearing Design Tool

Corvvert Units: |Metric - mm, deg, MPa, cPoize, gram/CC

Lalculate

Journal Dia. D: |120 Circumferential land b: |20.05 degree

i : Supply Pressure Py (1.2
Festrictor: |Capillary Tube -

Mo, of Recesses: |4 Aial Slot o |U degres

#ial Length Lo [100 Auial side land width a: |12 a/L=0180

X Rec=69.95 deg, 2Theta=30.00 deg, b=21.00 mm
Brg Radial Cir Ch: 0.1

Recess Depth: |3

Recess Pressure Pr: |0.B0TEG Pr/Pz= 05014
Required for Flow and Power Lozs Analyzes Results
Yizscogiy:, |35 cPoise Stiffness

| 82196 N/mm

| de”4/Le = 0.035752, Min. do = 0.8942 [mm) Total Flov Fiate
1.4825 Liter/Min

Le: |58 de: |1 2 LocAdec= 43,33 |

Pumping Loss Friction Loz

Speed [rpm): |3000 IJzed in Friction Loss P
| 0.029E ki £ 45 ki
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Lubricant Table of Contents

Lubricant

An accurate lubricant dynamic viscosity is essential to the calculation of bearing performance. The basic properties of a murber of commonly used Iubricants
are collected and stored in a library. User can always add new lubricants into the library or edit the existing lubricants by selecting Edit Lubricant Library.
The Lubricant Properties option tabulates the lubricant properties (viscosity, density, specific heat), for a range of temperatures specified in the dialog box.
The Lubricant Chart option displays the lubricant properties for up to 3 different lubricants in a chart for comparison proposes.

%A DyRoBeS_BePerf - Untitled
Project  Fixed-Lobe Tiking-Pad Floating-Ring Gas-Brg  Thrust EENTEREEETN Tools  View Help

0l ? k? Edit Lubricant Library

Lubricant Properties
Lubricant Charts

Orifice Flow

Charrfer Flow

Calculate lubricant properties

Edit Lubricant Library

This finction allows you to edit your own lubricants fiom the library and also to review the existing lubricants data in the library. Input parameters are:
Lubricant

Select the lubricant that you like to edit.

Title

This title will become the lubricant identification after the data is saved.

Specific gravity @ 60 °F (15.6 °C)

Very often °API is used to describe the specific gravity. The API gravity and the specific gravity at 60 °F are related by the following equation:

141.5

gt = —————————
PETS0 T 515+ APL)
Viscosity (centiStoke) at two temperature points

The viscosities (cSt) at 100 °F and 210 °F (or at 40 °C and 100 °C) are commonly published by the Iubricant suppliers. ASTM viscosity-temperature
relationship is used to calculate the viscosity at any given temperature.

Pour and flash points
These data are entered for reference only.

Coefficient of expansion
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If'you do not know the coeflicient of expansion, then enter zero in the input. The program will estimate it based on the specific gravity and data table provided

in the Handbook of Lubrication.

Coefficients for specific heat

The specific heat is a function of temperature and specific gravity. If you do not know the coefficients for specific heat, then enter zeros. The program will

estimate them based on the data provided in the Publication No. 97 from Bureau of Standards.

Lubricant Data Sheet

Lubricant: |T_I,J|:|ic:al 150 WG 32

Title: | Topical 50 WG 32

Specific Gravity (@ 60 F (15.6 ) [0.67

Wiscosi [c5t); |31 (@ Temperature [deg F); {104
‘iscosiy [c5t): (D @ Temperature [deg F): 212
Pour Pairt [deg FJ; [15 Flash Paint [deg P 400

Coeff. of Expansion (1/deg F): |0.00043
Specific Heat [Btu/(Lbm-F] = Cp0 + Cp1*T[F] + Cp2=T[F]"2 + Cp3*T[F)"3

Cpl: |u.415 Cpi: |D.DDD=‘.8
Cp2: |D Cp3: |D
Lubricant Properties

This fimction tabulates the lubricant properties (viscosity, density, specific heat) for a range of temperatures specified in the dialog box. The results are

displayed immediately on the screen. You can view, print, and save the file.

Lubricant Properties - Table §|

Lubricant, |[Amakon 1504 32 |

Operating Temperatures [deg F)

Starting: 50 Tabulate
Ending: |230 - .
Incrementat |10 LCloge
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B 0illTmp.Out - Notepad M= E3

File Edit Seach Help
DyRoBeS-Lubricant Ver 1.8, W. J. Chen, All Rights Reserved. =]

————————————————————— Lubricant Properties —-———--———-———-————————-
Texco Regal R&D0 32
Specific Gravity @ 68 deg. F = 8.8665

API Gravity @ 68 deg. F...... = 31.88
Coefficient of Expansion.{/F)= 0.8884
Pour Point deg. F............ = -22
Flash Point deq. F........... = 392
UViscosity, cSt {centiStoke)

C3t @ 184 deg. F.o..o.ooaanans = 32

CE3t @ 212 deg. F.o.oooaeaanans =5.h

Specific Heat Cp (BTU/{Lbm-F)) Coefficients
0.40657, 0.000495, @, @

————————————————————— Calculated Properties --—-—————————————————-

Absolute Kinematic
======= lisocity =======  Uisocity Density Cp

deg F Reyns _centiPoise_ _centiStoke_ {Grams/CC) (BTU/Lb/F

ca.o0a 2._82977E-05 139.947 161.81 B_8602 a.43132

608 1.41194E-05 97 .358 112 .45 B_84657 B.43627

70.88 1.01275E-85 69.826 80.98 8.8623 844122

g80.408 7.46562E- 86 51.474 59.93 8.8588 044617

20.488 5.63956E-86 38.883 45 45 8.8555 8.45112

100.088 4.35436E-086 30.822 35.23 8.8521 8.45687

110.488 3.42863E-086 23.648 27 .85 8.8487 a.46182 .
K | Ly
Lubricant Charts

This function allows you to compare the lubricant properties for up to 3 different lubricants. The graphic results are displayed immediately on the screen. The
first default graph is the dynamic viscosity vs. temperature. You can choose Settings under the Options menu to select the desired graph data (Reyn,
centiPoise, centiStoke, Specific Gravity, Weight Density, and Specific Heat), plot type (Linear-Linear, Linear-Log, Log-Log), and manual scaling the axes.

Lubricant Properties - Charts @

Up to 3 lubricants can be displayed in one chart

Line #1: |Mobil DTE Light [ 32)

Line #2: |M0bil DTE Mediurm VG 4]

Lol Lel Lo

Lire #3: |N0t Selected

Temperature Range [deg F)

Starting; |100
Ending: |200
Cloze
Incremental; |5
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Ml | ubricant Properties Comparison : E|[X|

Opkions  X-Axis Linear-Log

TE Light (¥G 32)
E Medium (¥G 48)

47 centistoke . , ,

o K Specific Grawvity
g 6 Weight Density ]
= Specific Heat
S an
ik
= 24
‘@
o
5 18
=
o 12
=
=]
e [
=y

il

100 120 140 160 180 200

Temperature (deg F)

M | ubricant Properties Comparison

Opkions ‘f-Axis  Linear-Log

deareels - - Mobil DTE Light (vG 22)

o - Mohil DTE Mediurm (WG 46)

Ahsolute Viscosity (centiPoise)

o 26 48 &0 72 g4 a6 108
Termperature (deg C)

Graph Settings for Lubricant Properties

* Aiz Data v Axiz Data Scaling
" degF " Reyns [~ Manual Scaling
& q

CentiPoize
o iy |30 " mir; |0
CentiStoke mn mn

Plat Type .
* Linear-Linear (" Speclic Gravity = may: (100 ¥ max: |42
" Linear-Log ™ Weight Density

i |7 e |7
™ Log-Log " Specific Heat " "
Grids
W Major [ Minar ok Close ‘
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Flow Calculation Table of Contents

Flow Calculation

Two convenient tools for flow calculation are provided in this program. One is the for Orifice Flow calculation and the other is for the Chamfer Flow
Calculation.

CBX)

%1 DyRoBeS_BePerf - Untitled
Project  Fixed-Lobe Tilking-Pad Floating-Ring Gas-Brg  Thrust

Ol ? k? Edit Lubricant Library
—U —|—| Lubticank Properties

Lubricant Charts

V=l N Tools  Wiew  Help

Chamfer Flow

Calculate orifice Flow

Orifice Flow
This dialog box calculates the oil flow through orifices.

Flow Calculation
Lubricant; [Mobil DTE Light [+ 32] =]
Temperature [deg F): I'I 10 |F|c-w|

Diiff. Pressure [psi: |25 Cancel |
Murnber of Orifices: |3

DOiifice Diameter [in]: |0.11 Calculated Flow [gpm]

Dizcharge Coefficient: ID.E |3'52?2

Chamfer Flow
This dialog box calculates the oil flow through chamfers.

BePerf 64/131



Chamfer Flow

Lubrizant; |Te>:co Regal R0 32 j

Temperature [deg F): |1 25
Diiff. Pressure [pai]: |1 5
Mumber of Chamfers: |4 Cancel |

Chamfer Depth (i) ID.U3

Chamfer Length [in]: IEI.31 25 Calculated Flow [gpm)]
Radial Clearance [in): |u.nuzus |u.2351
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PostProcessor Table of Contents

PostProcessor

The assessment of the analysis results constitutes an important aspect of the entire simulation process. The PostProcessor allows you to view the results in the
ASCII (text) format and/or the graphics format. All the input and output data can be viewed by selecting the Text Output option. The results can also be
tabulated in a compact format by selecting the Tabulated List option. If you decide to print the results from the Notepad, go to Page Setup under File menu
and adjust (minimize) the page margins so that the results will fit into pages. In order to tabulate the results, abbreviations are used. See Nomenclature for their
definitions. In the non-dimensional analysis, the results are normalized in two ways. The results normalized with respect to the pad radial clearance (Cp) are
widely used in academy, however the bearing radial clearance (Cb) is commonly used in industry for the data normalization. See Non-Dimensional
Parameters for their definitions. The non-dimensional results are displayed versus Sommerfeld Number and the dimensional results are displayed versus shaft
speed. The units used in the dimensional results are discussed in Chapter Units.

DyRoBeS© also provides a large number of postprocessing tools for graphically displaying the results. You can open the Child Windows (PostProcessor
graphics) as many as you like to help you to interpret and understand the analysis results. When you open a postprocessing Child Window, some default mitial
settings are used to display the results. To modify these settings, select the Settings under the Options to make necessary changes. The functions available in
the PostProcessor are described below:

Redraw allows you to redraw the Child Window and refresh the picture.

Settings allows you to modify the default graphic settings to suit for your need.

Print allows you to get a hard copy of the graph.

Normalization allows you to display the results normalized with respect to Cp or Cb.

Profile allows you to select the pressure profile at different shaft speed for dimensional analysis or eccentricity ratio for non-dimensional analysis.

For 3D pressure profile plot, the Advanced Features must be checked (ON) in the input.

See also Fixed Lobe Dimensional Analysis, Fixed Lobe Non-Dimensional Analysis, Tilting Pad Dimensional Analysis, Tilting Pad Non-Dimensional Analysis,
Non-Dinmensional Parameters, Nomenclature, Exanples.

= Tilting Pad Bearing Hon-Dimensional Data M =] B3

Settings plg - Titing Pad Bearing
File: C:'BeCoefBePerfiZPOFiIeAE0LD0S00XS0.TSG

o-K, x-C, Data Mormalized wrt. Cp

Sommerfeld Mumber
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= Fixed Lobe Bearing Dimenzional Data M=l &
Ophionz

Twwo Axial Groowe Bearing - Example from Shapiro & Cg
=45, D=4, Ch=0.0025 preload= 0, offset=0

04
93 Lo :\JuurnalEquiliL‘uriumLacusI

T 7T T Twert Bearing Clearance T
0.z e RETENEE Y
01
0o
-0.1
-0.2
-0.3
-0.4
-05
-06
-0.7
-0.8
-0.8
-1.0

= Fixed Lobe Bearing Dimensional Data M=] E3
Optionz ~ Profile

Twwo Axial Groowe Bearing - Example from Shapiro & Colsher
L= 4, D=4, Ch= 0.0024, preload= 0, offset=0

Rotor Speed

5000 rpm

EfCh

0.a004

Aftitude Angle

4722 W

Hrmin/Ch

048495 Y
Maximum Film Pressure

1064 @ 11 deg. b
Frictional Power Loss

1575

Stiffhess

2.003E+07 2 BAIE+OT

-A307E+06 1. 248E+07

Damping

112TE+05 2.841E+04

2.841E+04 3071E+04

Critical Journal Mass

137

= Fixed Lobe Bearing Dimensional Data =] E
Ophionz

wwo Axial Groove Bearing - Example from Shapiro & Colsher
=5, D=5, Ch=0.0025 preload= 0, offset=0

1.00
080
0e0
070
0ED
0so
040
030
0zo
00
0.oo

minirmurm Film Thickness (HminfCh)

0 1500 3000 4500 6000 7500 9000 105001200013500 15000
Fotor Speed (rpm)
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= Tilting Pad Bearing Hon-Dimensional Data _ (O x|

Optionz  Mormalization

Example - Tilting Pad Bearing

5 Pads, UD= 0.5, Offset= 0.5, Preload= 0, Pivot Angle=24
0.4 v Journal Equilibriom Locus
0.3F-r-==-r-wrt Pad Clearance ™~ %~ 77 "1
R E R R R S S S
0.0 F——— i
+
D2f-t-a-t- '
DAE-T-a--r-
DBE-Toa-e-
0BF-F---beo--
I T —

Fressure Dam Bearing

L= 5, D=4 Ch=0.005, prelogd= 0, offset=0
Rotar Speed

A000 rpm

EiCh

0331

Aftitude Angle

G961

HminiCh

06684

Maximum Film Pressure
2544 @ 16 deg.
Frictional Fower Loss
8.868

Stiffness

1199E+06 2.T4TE+06
-5.396E+05 1.042E+08
Ciamping

9AYZE+03 2.012E+03
2.014E+03 3.405E+03
Critical Journal Mass
13.04

rpm = 5000
EiCh = 03311

Max. Pressure = 2544
20 - Pressure Profile

Theta
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Exanmples Table of Contents

Examples

There are many examples provided in the \example directory. Some examples are described below, but there are more exanples in the DyRoBeS\Example
directory. You are encouraged to go through all the exanples.

Example 1: 2-Axial Groove Bearing

File: Brg 2-Axial Groove Coorl.LDI — Lund Coordinate System
File: Brg 2-Axial Groove Coor2.LDI — Standard Coordinate System
File: Brg 2-Axial Groove Coor2.L.DI — Metric Units

This example is taken from Shapiro & Colsher, Sixth Turbomachinery Symp., 1979. It is a 2-axial groove bearing as shown below:

%1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Example\BePerfiBrg_2-Axial Groove... [= |[B1](X]
Project FEixed-Lobe Tiking-Pad Floating-Ring Gas-Brg Thrust Lubricant Flow  Wiew Help

D= %[N

Example from Shapiro & Colsher, Sixth Turhomachinery Symp., 1979 - English Units

"
Bearing Data 0

L=5in
Ds=5in
Ch = 0.0025 in \
2Ch/D = 0.001
Cp = 0.0025 in Y

Preload =10

Offset=10
Thetal= 100
Theta2= 260 W

Viscosity = 2E06

o)

For Help, press F1

For comparison purposes with previous publications, the X-axis is aligned with the load vector (Lund coordinate system) and constant viscosity is used in File:
Brg 2-Axial Groove Coorl.LDI. Since two lobes are identical, no discontinuity in the bearing clearance, and the turbulence effect is neglected, therefore,
Advanced Feature is turned off (unchecked). The bearing parameters are listed below for reference.
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Fixed Pad Bearing - Dimensional Analysis

Comment:

Coordinates: |Lunc| Coordinates [+ = W) ﬂ
Eearing Type: |2 - Twa Axial Groove ﬂ k. and C Coordinate Angle: [0 degree
Analpziz Option; |Constant Viscozity - Bearing Load =*/0 + %1 x RPM + W2 x RPM™2 —L58
Carvert | Units: [English = Wi | 20780 wi: |0 w2 |0
Awial Length L |5 inch
. finch) Fotar Speeds [RFM) [ Additional Speeds
Joumal Dia. D: |5 finch) Start: [1000 End: [10000 Inc.: [1000
Erg Radial CIr Ch: |0.0025 [inch]
Lubricant Dynarnic Yiscosity: |2e-008 [Rewns)
Mumber of Pads: |2 Density: {0 [Lbmin"3]

Bearing Data for Pad # 1

Leading Edge: 100 Preload: |0 Advanced Fetaures
i

Trailing Edge:; |260 Offzet;

Hew ‘ Open | Save ‘ Save Az Bun ‘ LClose |

The journal equilibrium locus is shown below.

M Fixed Lobe Bearing Dimensional Data

Qpkions

Example from Shapira & Colsher, Sixth Turbomachinery Symp., 1979 - English Units
L=5in, D=Ain, Cb= 00025 in, 2Ch/D=0.001, m=0, tit=0

0.4 ' Journal Equilibrium Locus '
w.r.t. Bearing Clearance (Ch)
0.2 W i
0.0 \f
0.2
0.4
0.6
08
-1.0

The bearing performance at 5000 rpm is shown and the results are in agreement with previous publications.
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M Fixed Lobe Bearing Dimensional Data

Options  Profile

Example from Shapiro & Colsher, Sixth Turbomachinery Symp., 1979 - English Units
L=5 in, =5 in, Ch= 0.0025 in, 2Ch/D=0.001, m= 0, tilt=10

Speed = 5000 rpm
Load = 20780 Lhf
WILD = 831.2 psi

Vis. = 2E06 Reyns

Sh =10.20051

E/Ch = 0.5004

Att. = 47.22 deg

hmin = 1.249 mils
Pmax = 1964.43 psi
Hp = 15.733 hp

Qside = 0.936 gpm
Stiffness (Lbf/in)
2.003E+07 2.863E+07
5.30TE+06  1.248E+07
Damping {Lbfs/in)
1.12TE+05 2.841E+04
2.841E+04 3.07T1E+04
Critical Journal Mass (Lh}
52875

By selecting the Standard Coordinate System, an additional input for load vector, 270° in this case, is needed as demonstrated in File: Brg 2-
Axial Groove Coor2.LDI. Again, for comparison purposes, the bearing coefficients are oriented such that the x-axis is collinear with the load vector as

shown in the input. The results are identical with previous discussion.

"1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg_2-Axial Groove Coor... |Z|E|E|
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Yiew Help

D= 2K

Example from Shapiro & Colsher, Sixth Turbomachinery Symp., 1979 - English Units

Y
Bearing Data
L=5in
Ds=15in
Ch = 0.0025 in ’\ s
2Ch/D = 0.001 ) W
Cp =0.0025 in & X
J

Preload =0
Offset=10
Thetal= 10
Theta2= 170 V
Load Angle = 270
Viscosity = 2E06

For Help, press F1
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Fixed Pad Bearing - Dimensional Analysis

Comment: |Example from Shapiro & Colzher, Sisth Turbomachinery Symp.. 1573 - English Unitz

Coordinates: |Standard Coordinates [#-Y) ﬂ Load Angle: |2.'-"D degres
Eearing Type: |2 - Twa Axial Groove ﬂ K. and C Coordinate Angle: IT degree
Analysis Optior: [Corstant Viscosity  ~ | Bearing Load ='w0 + w1 x RPM + W2 « RPM 25
Comvert | Units: [Engish =] Wi [20780 wi: |0 w2 |0
Awial Length L: |5 {inch]

Fotar Speeds [RFM) [ Additional Speeds

Joumal Dia. D: 3 finch] Start: [1000 End: [10000 Inc.: [1000

Erg Radial CIr Ch: |0.0025 [inch]

Lubricant Dynarnic Yiscosity: |2e-008 [Rewns)

Mumber of Pads: |2 Density: |0 [Lbmdin™3)

Bearing Data for Pad # 1

Preload: |0 Advanced Fetaures

Leading Edge; |10
Trailing Edge:; |170 Offset: |0

Hew ‘ Open | Save ‘

LClose

Camrnent; |Examp|e from Shapiro & Colzher, Sisth Turbomachiner Symp., 1979 - Metric Units

Coordinates: |Standard Coordinates [%-Y] ﬂ Load &ngle: IT degres
Bearing Type: |2 - Twa Awial Groave | KandCCoodinatedngle:[270 degree
Analysis Dption: |Constant Viscosity | Bearing Load = w0 + 1 x RPM + W2 s RFM™2 {1}
Conwert | Units: [Metic | Wi (324341 wit: |D w2 |0
Aial Length L [127 [mim)

Fotor Speeds [RF) [ Additional Speeds

Joumal Dia. 0 |127 (o) Start [1000 End: [10000 Inc.: [1000
Erg Riadial CIr Ch: |0.0635 [
Lubricant Dynamic Yiscosiy:  |13.7835 [cPoize)
Mumber of Pads: |2 Demzity: |0 [grams/CC)

Bearing Data for Pad # 1

Leading Edge: Preload:

10 i}
Trailing Edge: (170 Offzet: |0

Advanced Fetaures

Hew ‘ Open | Save ‘ Save As LCloge

Example 2: 3 Lobe Bearing — Laminar and Turbulent Flow

A 3 lobe bearing as shown below is used in a high-speed application. The load vector is directed in the middle of the lobe.
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"1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg_3-Lobe_HeatBalance1a.LDI (= |[B]X]
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant-Flow  Tools  Wiew  Help

D= 2K

High Speed Compressor Test Bearing - Temperature rise - Laminar Flow

Y

Bearing Data

———
L=125in
Dis = 1.3789 in
Ch=0.002 in

2Ch/D = 0.0029 o
Cp = 0.00439947 in N
Preload = 0.5454 X
[]

r
Offset = 0.85 .
Thetal=T75
Theta2= 175
Load Angle = 245 fV

w

For Help, press F1

The bearing clearance for each lobe is continuous along the circumferential direction, although it is not a constant due to the preload. Each lobe is identical

Two cases are studied, one is laminar flow and second one is turbulent flow. With laminar flow assumption, the nput parameters are shown below with
Advanced Feature OFF:

Fixed Pad Bearing - Dimensional Analysis

Camrnent; |High Speed Compressor Test Beanng - Temperature rize - Laminar Flow

Coordinates: |Standard Coordinates [+-1) ﬂ Load Angle: [245 deqgree
Bearing Type: |5 - Three Lobe j k. and C Coordinate Angle: [0 degree

Analyziz Option: |Heat Balance - Bearing Load ='0 + 1 x RPM + W2 x RPM™2—L5

Comvert | Units: [English = Wit 520 Wwi1: |0 w2 |0

Awial Length L |1.25 inch
A = Rotor Speeds [RPM] [~ Additional Speeds
Jouna Dia. D |1-4783 finch) Star: [4000 End: [0 Inc.: [0
Brg Riadial CIr Cb: (0,002 inch
? e Lubricant: |Mabil DTE Light (v 32) |
Mumber of Pads; |3 Inlet Temperature: 120 [degF)
Bearing Data for Pad # 1 Heat caried away: [30 %]

Leading Edge: |75 Preload: |0.5454 O P

Traiing Edge; |175 Offzet: |0.85

Hew ‘ Open | Save ‘ Save As |

The bearing performance at 48,000 rpmis shown below. With 120° F oil inlet temperature, the operating and maximum bearing temperatures are 154° and

191° F with laminar flow assumption.
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M Fixed Lobe Bearing Dimensional Data

Options  Profile

High Speed Compressor Test Bearing - Temperature rise - Laminar Flow
L= 1.25 in, D= 1.3789 in, Ch= 0.002 in, 2Ch/D=0.0029, m= 0.5454, tilt= 0.85
Speed = 48000 rpm
Load = 520 Lbf

W/LD = 301.69 psi

Vis. = 1.339E06 Reyns
Sh=0.42195

E/Ch = 0.4761

Att. = 31.25 deg

hmin = 1.049 mils

Pmax = 1164.82 psi

Hp = 5.27196 hp

Qside = 1.494 gpm
T=120, 154, 191 degF
Stiffness {Lbf/in)
2.142E+05  3.258E+05
3.5T0E+05 9. 141E+05
Damping {Lbfs/in)
TA85E+01 1.696E+01
1.696E+01 2.399E+02
Critical Journal Mass {Lh}
96.851

With the Advanced Feature OFF, the laminar flow is assumed. Also, without Advanced Feature, each finite element node has one (1) degree-of-freedom,

i.e., pressure is the only unknown at each finite element node. With Advanced Feature ON, the turbulent effect can be included or neglected. Also, with

Advanced Feature ON, each finite element node has three (3) degrees-of-fieedom, i.e., pressure and pressure gradients in axial and circumferential directions

are the unknowns at each finite element node. With turbulent flow assumption, the input parameters are shown below with Advanced Feature ON:

Fixed Pad Bearing - Dimensional Analysis

Camment: |High Speed Compressar Test Bearing - Temperature rise - Turbulent Flow - Advanced OM

Analyziz Option; |Heat Balance - Bearing Load = W0 + w1 2 RPM + W2 2 RPM™2

Coordinates: |Standard Coordinates [#-7) j Load Angle: [245 degres
Bearing Type: |5 - Thiee Lobe ﬂ k. and C Coordinate Angle: [0 degree

FL
=y}

Corwert | Units: [English - Wil |520 Wil |D W2 |D

Awial Length L |1.28 inch
e finch) Rator Speeds [RFM) [ Additional Speeds
Joumal Dia. D 13789 finchl Start [43000 End: [0 Ine.: [0
Erg Radial CIr Ch: |0.002 inch
D finch) Lubricant; [Mobil DTE Light (VG 32) =]
Mumber of Pads: |3 Inlet Temperature; |120 [deaF]
Bearing Data for Pad # 1 Heat caried away: 30 [%]
LesdngEdgs: (75  Preloact [0545¢ Chdvaneed Fatamres
Trailing Edge: |175 Offset (085 ez
Hew ‘ Open | Save ‘ Save Az | Bun ‘ LCloze
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Advanced Settings 5__<

Circumferential Boundary Conditions

o ak
*" Repnolds (Swift-Stieber]  The Feynolds B it the most realistic I —
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect
. . LClose
" Sommesteld [2 pi] uzed for educational purposes [ Oil Flooded

English Units: Angle - degree, Length - inches Murnber of Awial Elements: |8

| nbe Theta 1 | Theta 2 | Preload | Offzet | Elements
1 7h 175 0.5454 0.aa 25
2 195 295 0.5454 085 25
3 N5 415 05454 0.85 2A

The bearing performance at 48,000 rpmis shown below with turbulence effect CHECKED, With 120° F oil inlet temperature, the operating and maximum
bearing temperatures are 158° and 195° F.

M Fixed Lobe Bearing Dimensional Data

QOptions  Profile

High Speed Compressor Test Bearing - Temperature rise - Turbulent Flow - Advanced O
L= 1.25 in, D= 1.3789 in, Ch= 0.002 in, 2Ch/D=0.0029, m= 0.5454, tilt= 0.85

Speed = 48000 rpm
Load = 520 Lhf

W/LD = 301.69 psi

Vis. = 1.2601E06 Reyns
Sh = 0.39707

E/Ch = 0.4369

Att. = 3542 deg

hmin = 1.127 mils
Pmax = 1162.2 psi

Hp = 6.76512 hp

Gside = 1.718 gpm

T =120, 158, 195 degF
Stiffness {Lbf/in)
2.590E+05 3.544E+05
3.723E+05  9.099E+05
Damping {Lbfs/in)

9. 110E+01  1.465E+01
1.465E+01 2.366E+02
Critical Journal Mass (Lb}
77.787

With Advanced Feature ON, the bearing clearance can be easily checked as shown below in top view and side view.
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M Fixed Lobe Bearing Dimensional Data

Oplions

High Speed Compressor Test Bearing - Temperature rise - Turbulent Flow - Advanced ON
L= 1.25 in, D= 1.3789 in, Ch= 0.002 in, 2Ch/D=0.0029, m= 0.5454, tilt= 0.85

Bearing Clearance Distribution

Theta

Max C = 0.00419
Min C = 0.00200
3D - FEA Mesh Data

M Fixed Lobe Bearing Dimensional Data

Opfions

High Speed Compressor Test Bearing - Temperature rise - Turbulent Flow - Advanced ON
L= 1.25 in, D= 1.3789 in, Ch= 0.002 in, 2Ch/D=0.0029, m= 0.5454, tilt= 0.85

al Bearing Clearance Distribution
r

Theta

Max C = 0.00419
Min C = 0.00200
30 - FEA Mesh Data

A 3 dimensional pressure profile can also be viewed.
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M Fixed Lobe Bearing Dimensional Data

Options  Profile

High Speed Compressor Test Bearing - Temperature rise - Turbulent Flow - Advanced ON
L= 1.25 in, D= 1.3789 in, Ch= 0.002 in, 2Ch/D=0.0029, m= 0.5454, tilt= 0.85
zZ

rpm = 48000
E/Ch = 0.4369

Max. Pressure = 1162.2
30 - Pressure Profile

Theta

Example 3: Pressure Dam Bearings

A conventional pressure dam bearing is demonstrated in this example. A pressure dam (pocket) with a constant depth is in the top lobe, and a central relief
track with much larger depth is in the lower lobe where the load vector is located. The bearing geometry with exaggerated clearance and bearing clearance
distribution are shown below:

1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Example\BePerfiBrg PressureDamia... E”ﬁlg|
Project FEixed-Lobe Tiking-Pad Floating-Ring Gas-Brg Thrust Lubricant Flow  Wiew Help

D= %[N

Pressure Dam Bearing with center relief track

Bearing Data Pocket R

L=6in Are- -
Ds =6 in -

Ch = 0.005 in ‘
2CHhD = 0.00167
Cp = 0.005 in
Preload =0
Offset=10
Thetal=10
Theta2= 170
Pocket Are =125
Depth = h.015
Width = 4.5
Relief Width =1
Load Angle = 270
Viscosity = 2E-06
Density = 0.03

Pocket

7 relief
‘ track

For Help, press F1

Pressure Dam Bearing with center relief track
L=6 in, D= 6 in, Ch= 0.005 in, 2Ch/D=0.00167

Pocket

Max C = 0.02000
Min C = 0.00500
3D - FEA Mesh Data

Relief Track
Theta
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The pressure dam bearing has discontinuity in the bearing clearance. Therefore, the Advanced Feature nust be turned ON. Additional data for the pocket
and relief track are entered in the Advanced Feature dialog box. The computer program allows for the pocket and relief track in a preloaded lobe, although
typically they are in a plain lobe without any preload. Note that the pocket axial length (PocketAxL) must be smaller than the bearing axial length in order to
have a pocket with side dams. If PocketAxL equals to the bearing axial length, then it becomes a step bearing without side lands which is acceptable in this
program. The pocket and relief track cannot co-exist.

Fixed Pad Bearing - Dimensional Analysis

Comment: |F'ressure Cramn Bearing with center relief track
Coordinates: |Standard Coordinates [=-7] j Load Angle: IT degres
Bearing Type: |8 - Prezzure Dam/Step/Pockets ﬂ k. and C Coordinate Angle: IU— degree
Aralysis Dption: [Constant Viscosty | Bearing Load = Wl + w1 « RPM + W2 s RFM™2 (L5
Convert | Units: [Engish | Wik 3000 w: |0 w2 [0
#viel Length L. |6 finch) Rator Speeds [RFPk) [~ Additional Speeds
Joumal Dia. D: |© linch] Start: {7000 End: [7000 Inc.: [1000
Erg Radial CIr Ch: |0.005 [inch]
Lubricant Dynarnic Viscosity: | 2e-006 [Reyns]
Mumber of Pads: |2 Density: |0.03 [LbmAin™3]
Bearing Data for Pad # 1
Leading Edge: "IU— Preload: |EI T
Trailing Edge: ’T Offset: ID— Yes
Hew ‘ Open | Save ‘ Save As | Bun ‘ LCloze |

Advanced Settings

Circurnferential Boundary Conditions

i Feynolds (Swift-Stisber]  The Reynolds BC is the most realistic v dvancedFealure§ =
" Gumbel [half Sommerfeld)  Gumbel and Sommerfeld BCs are only v Turbulence Effect
. . LCancel
" Sommerteld 2 pi) uzed for educational purposes [ il Flooded
Enaglizh Units: Anale - degree, Length - inches Murnber of &xial Elements; |8
| ohe| Thetal | Theta 2 | Preload | Offzet | FPaocketire | PocketDepth | Pocketdsl | Reliefésl | Elements

1 10 170 1] a 125 0.5 45 ] 25
2 130 350 I i] i] 0 I 1 25

]

The bearing performance and pressure distribution are shown below.
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B Fixed Lobe Bearing Dimensional Data
Options  Profile

Pressure Dam Bearing with center relief track

L=6 in, D= 6 in, Ch= 0.005 in, 2Ch/D=0.00167, m= 0, tilt=0
Speed = 7000 rpm
Load = 3000 Lhf
W/LD = 83.3333 psi
Vis. = 2E06 Reyns

Sh = 1.008

E/Ch = 0.6049

Att. = 56.64 deg

hmin = 1.975 mils
Pmax = 605.61 psi

Hp = 38.8325 hp

Qside = 12277 gpm
Stiffness (Lbf/in)
3.359E+06 -1.753E+05
5.938E+06 4.685E+06
Damping {Lbfs/in)
4.733E+03 4. 435E+03
4.433E+03  1.139E+04
Critical Journal Mass {Lh}
11643

M Fixed Lobe Bearing Dimensional Data

COptions  Profile

Pressure Dam Bearing with center relief track
L=6 in, D=6 in, Ch=0.005 in, 2Ch/D=0.00167, m= 0, tilt=0

Z

rpm = 7000
E/Ch = 0.6049

Max. Pressure = 603.63
3D - Pressure Profile Theta

Note that, the central relief track can significantly lower the bearing load carrying capability. Therefore, caution must be taken when using the relief track.

When the ReliefAXL is negative value, the relief track will be on both sides instead of at the center. The configuration with side relief track provides a better

loading carrying capability than the central relief track. The same example with side relieftrack is illustrated below.
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X

Advanced Settings

Circumferential Boundary Conditions

o ak
*" Repnolds (Swift-Stieber]  The Feynolds B it the most realistic v —
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect
. . LCancel
" Sommesteld [2 pi] uzed for educational purposes [ Oil Flooded

Englizh Units: Angle - degree, Length - inches MHurnber of &xial Elements: |8

|ohe| Thetal | Theta 2 | Freload | Offzet | FPocketiic |F'DcketDe|3th| FPocketdsl | Relieffsl | Elements
1 10 170 0 0 125 0.5 45 i] 2h
2 190 350 1] a a 0 1] I -] ] 25

0.5 " at each side

1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg PressureDam1b_Type_B.LDI EWElgl
Project FEixed-Lobe Tiking-Pad Floating-Ring Gas-Brg Thrust Lubricant-Flow  Tools  Wiew Help

D= %[N

Pressure Dam Bearing with side relief track

Bearing Data e
L=%6in 2 R
Ds=06in L e
Ch = 0.005 in h
2Ch/D = 0.00167
Cp = 0.005 in
Preload=10 \
Offset =0 Q
Thetal= 10 -

Theta2= 170

Pocket Arc = 125

Depth = 0.015

Width = 4.5

2-Side Relief=1

Load Angle = 270
Viscosity = 2E06 {Reyns)
Density = 0.03 (Lbm/in" 3}

M

>

Far Help, press F1

The bearing performance and pressure distribution are shown below.
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M Fixed Lobe Bearing Dimensional Data
Options  Profile

Pressure Dam Bearing with side relief track

L=6 in, D= 6 in, Ch= 0.005 in, 2Ch/D=0.00167, m= 0, tilt=0
Speed = 7000 rpm
Load = 3000 Lhf
W/LD = 83.3333 psi
Vis. = 2E06 Reyns

Sh = 1.008

E/Ch = 0.3985

Att. =T71.03 deg

hmin = 3.008 mils
Pmax = 577.909 psi
Hp = 35.2312 hp

Qside = 9.073 gpm
Stiffness (Lbf/in)
3.315E+06 B.677E+05
5.549E+06  3.835E+06
Damping {Lbfs/in)
6.07T4E+03 4.321E+03
4.317TE+03  1.479E+04
Critical Journal Mass {Lb}
B659.5

M Fixed Lobe Bearing Dimensional Data Z”i”gl
COptions  Profile

Pressure Dam Bearing with side relief track
L=6 in, D=6 in, Ch=0.005 in, 2Ch/D=0.00167, m= 0, tilt=0

Z

rpm = 7000
E/Ch = 0.3985

Max. Pressure = 577.91
3D - Pressure Profile Theta

When ReliefAxL equals to zero, then no relief track is applied. The results are shown below.
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D= 2K

Pressure Dam Bearing without relief track

Bearing Data

L=6in

bDs=6in

Ch = 0.005 in

2Ch/D = 0.00167

Cp =0.005 in

Preload =0

Offset=10

Thetal= 10

Theta2= 170

Pocket Arc = 125

Depth = 0.015

Width = 4.5

Load Angle = 270
Viscosity = 2E06 {Reyns)
Density = 0.03 (Lbm/in" 3}

For Help, press F1

M Fixed Lobe Bearing Dimensional Data
Options  Profile

Pressure Dam Bearing without relief track

L=6 in, D= 6 in, Ch= 0.005 in, 2Ch/D=0.00167, m= 0, tilt= 0
Speed = 7000 rpm
Load = 3000 Lhf
W/LD = 83.3333 psi
Vis. = 2E06 Reyns

Sh = 1.008

E/Ch = 0.3198

Att. = 80.31 deg

hmin = 3.401 mils
Pmax = 502.488 psi
Hp = 38.2135 hp

Qside = 8.523 gpm
Stiffness {Lbf/in)
3.225E+06  1.042E+06
1.501E+06 3.924E+06
Damping {Lbfs/in)
6.236E+03 4.015E+03
4.010E+03  1.762E+04
Critical Journal Mass {Lh}
9066
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M Fixed Lobe Bearing Dimensional Data

Options  Profile

Pressure Dam Bearing without relief track
L=6 in, D=6 in, Ch=0.005 in, 2Ch/D=0.00167, m= 0, tilt=0

zZ

rpm = 7000
E/Ch = 0.3198

Max. Pressure = 502.49
3D - Pressure Profile Theta

Example 4: Tapered Land Bearing

A locomotive turbocharger bearing is employed in this example. It is machined out of a standard 3-axial groove bearing as shown in figures below. Again, the
clearances, arc center offset, and undercut are exaggerated for illustration purposes. Each lobe is machined with an arc to form the tapered land. The arc has

aradius of Ra and the arc center is specified with a center offSet of r and an angle Theta measured from the reference axis (X-axis). The arc center angle

normally is either in the middle of the oil groove or the same as the leading edge of the lobe. Typically, there are side dams in the tapered land area similar to

the pressure dam bearing, When taper arc axial equals to the bearing axial length, no side dam exists. The circumferential taper arc length is normally not
specified for a tapered land bearing since it will be the end of the arc. However, this arc length can be specified to forma step in the tapered land area.

"1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Example\BePerfiBrg Taperlandl_Ty... E”E|E|
Project FEixed-Lobe Tiking-Pad Floating-Ring Gas-Brg Thrust Lubricant Flow  Wiew Help

O 7%

Taper Land Bearing - Locomotive Turbocharger Application

Bearing Data Y

L=13in -

Ds = 1.8898 in taper .*
Ch = 0.003 in arc -

2ChD = 000317 \( /
Cp=0.03in W
Preload = 0 Rb R L
Offset=0 Rs _CEIHEI [o]
Thetal= 100 L
Theta2= 200 \

Taper Arc = 60.05
Taper Ra = 0.9453

UnderCut = 0.00498 A" !
Taper AxL = 0.905 Ra W

Load Angle = 2T0 .
Viscosity = 2.16E-06 S
Density = 0.0301 Tl T

For Help, press F1
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M Fixed Lobe Bearing Dimensional Data

Oplions

Taper Land Bearing - Locomotive Turbocharger Application
L= 1.3 in, D= 1.8898 in, Ch= 0.003 in, 2Ch/D=0.00317, m= 0, tilt=0
z

Clearance Distribution

Max C = 0.00798
Min € = 0.00300
3D - FEA Mesh Data

Theta

The nput parameters for the tapered land bearing are shown below. Since the clearance is not continuous due to the side dams, Advanced Feature has to be
ON. For the manufacturing drawing, the arc radius and arc center location (r, and theta) are normally specified. In the design process, the undercut and taper
arc angle (length) are normally specified. For this purpose, a TOOLS button is provided in this dialog box. It allows the program users to specified any two
parameters among the undercut (u), arc length (Arc theta), arc radius (Ra), and arc center offset (r) to calculate the other two unknowns.

Fixed Pad Bearing - Dimensional Analysis

Camment: |Taper Land BEearing - Locomative Turbocharger Application

Coordinates: |Standard Coordinates [+-1) ﬂ Load Angle: [270 deqgree
Bearing Type: K and C Coordinate &ngle; |0 degres
Analyziz Option: |Constant Viscozity Bearing Load ='0 + 1 x RPM + W2 x RPM™2—L5

Corrvert | Units: [English - Wi |20 w: | w2 [0
fudal Length L [1.3 inch
Aal-eng k] Rotor Speeds [FPM)

[~ Additional Speeds

Journal Dia. D: |1.8838 linch] Start: [25000 End: [25000 Inc.:. [1000
Big Radial Cr Ct: [11003 fiechi Lubricant Dynamic Yiscosity: ’W [Reyns)
Mumber of Padz: |3 Deersity: |0.0307 [LbmAin™3)
Bearing D ata for Pad # 1
Leading Edge: ’T Preload: |D Adbemer] Flauizs
TraingEdge: [200 Offset [0 Yes
Hew ‘ Open | Save ‘ Save As | Bun ‘ LCloge |

=

Advanced Settings

Circurnferential Boundary Conditions

i+ Reynalds [Swift-Stisber) The Revnalds B is the mast realistic v Advanced Features Ok
" Gumbel [half Sommerfeld)  Gumbel and Sommerfeld BCs are only [v Turbulence Effect
; . Lloze
" Sommerteld (2 pi) uzed for educational purpozes [ il Flooded
Englizh Units: Angle - degree, Length - inches Murnber of &wial Elements: |B Took
|ohe| Thetal | Theta 2 | Preload | Offzet | Land-&ic | Land-Hadius| Center-r | Theta | Arcful | Elements
1 100 200 1] a B0.05 03453 0.oovy a0 0905 2
2 220 320 1] a G0.05 0.3453 0.0077 210 0.905 25
3 340 440 I i] B0.05 03453 0.o0vy 330 0,905 il
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Taper, Land Bearing Parameters [g

Known Parameters

~ &icLength ~ &ic Radius ~ fuc Length Close
Urdercut Urdercut Arc Radius
Az Length A Radius Center Dffzet
L Cetter Offzet o Cetter Offzet * Undercut
Enown D ata Meeds to know 2 data

T

Arc Center Angle: |90 Undercut; ’W
FPad Leading Angle: (100 Az Length: ’W
Arc Radius: |0.9453

Center Offset: ’W

Pad Trailing &ngle: |00

Bearing Fadiuz (Rb]: |0.9479

1

The results are present below.

M Fixed Lobe Bearing Dimensional Data

Options  Profile

=

BX

Taper Land Bearing - Locomotive Turbocharger Application
L= 1.3 in, D= 1.8898 in, Ch= 0.003 in, 2Ch/D=0.00317, m= 0, tilt= 0
Speed = 25000 rpm
Load = 20 Lhf

WILD = 8.14087 psi
Vis. = 2.16E06 Reyns
Sbh = 10.967

E/Ch = 0.0281

Att. = 33.84 deg

hmin = 2.916 mils
Pmax = 320.705 psi
Hp = 4.96052 hp

Qside = 1.173 gpm
Stiffness {Lbf/in)
2.022E+05 1.261E+05
LITE+05  2.072E+05
Damping (Lbfs/in}
1.118E+02 6.160E-01
S5.063E01 1.162E+02
Critical Journal Mass (Lb}
62.088
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B Fixed Lobe Bearing Dimensional Data

Options  Profile

Taper Land Bearing - Locomotive Turbocharger Application
L= 1.3in, D= 1.8898 in, Ch= 0.003 in, 2ChD=0.00317, m= 0, tilt= 0

rpm = 25000
E/Ch = 0.0281
Max. Pressure = 320.71
3D - Pressure Profile

Theta

B Fixed Lobe Bearing Dimensional Data
QOptions  Profile

Taper Land Bearing - Locomotive Turbocharger Application
L= 1.3 in, D= 1.8898 in, Ch= 0.003 in, 2Ch/D=0.00317, m= 0, tilt=0

rpm = 25000

E/Ch =0.0281

Max. Pressure = 320.71
3D - Pressure Profile

Theta

With this more general inputs, a pressure dam bearing without relief track can also be modeled with this bearing type.

Example 5: Step Bearing

When the axial length of a pocket equals to the bearing axial length, it forms a step. A step bearing can be modeled using Type 8 — Pressure Dam Bearing

with PocketAxL equals to the bearing axial length as demonstrated below.
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D= 2K

Step Bearing modelled with Type 8 - Pressure Dam Bearing without side dams

Bearing Data
L=6in
Ds=6in
Ch=0.005in
2ChD = 0.00167
Cp=0.005iIn
Preload =0
Offset=0

Theta'tl= 10

Theta2= 170 fl
Pocket Arc = 125
Depth=0.015
Width = 6 A2
Load Angle = 270 W
Viscosity = 2E-06 (Reyns)
Density = 0.03 (Lbm/in*3)

For Help, press F1

ARRS

M Fixed Lobe Bearing Dimensional Data
Opfions

Step Bearing modelled with Type 8 - Pressure Dam Bearing
L=6 in, D=6 in, Ch=0.005 in, 2Ch/D=0.00167, m= 0, tilt=0

7
Clearance Distribution

Max C = 0.02000
Min C = 0.00500
3D - FEA Mesh Data Theta
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Fixed Pad Bearing - Dimensional Analysis

Comment: |Step Bearing modelled with Type 8 - Pressure Dam Bearing without side dams

Coordinates: |Standard Coordinates -] ﬂ Load Angle: IT degres
Bearing Type: k. and C Coordinate Angle: IU— degres
Analysis Optior: [Corstant Viscosity  ~ | Bearing Load ='w0 + w1 x RPM + W2 « RPM 25
Comvert | Units: [Engish =] W {3000 wi: |0 w2 |0
futal Lengin L |5 fiechi Rotor Speeds (RPM) [ Addiional Speeds
Joumal Dia. D: |6 finch] Start: [7000 End: [7000 Inc.: [1000

Erg Radial CIr Ch: |0.005 [inch]
Mumber of Pads: |2

Bearing Data for Pad # 1

Lubricant Dynarnic Yiscosity: |2e-008 [Rewns)

Density: |0.03 [Lbrmdin™3]

Leading Edge: Preload:

10 ]
Trailing Edge:; |170 Offset: |0

Advanced Fetaures

X

Hew ‘ Open | Save ‘ LClose |
Advanced Settings

Circumferential Boundary Conditions

1+ Reynolds [Swift-Stieher) The Reynolds BC is the most realiztic 4 dvancedFeatureﬁ oK

" Gumbel [half Sommerfeld]  Gumbel and 5ommerfeld BCs are anly v Turbulence Effect

. . Lancel
" Sommerfeld (2 pi] uzed for educational purposes [ 0l Flooded
Englizh Units: Angle - degree. Length - inches Mumber of Axial Elements: |3
|ohe| Thetal | Theta 2 | Preload | Offset | Pocketiuc | PocketDepth | Pocketfsl | Relighisl | Elements

1 10 170 I a 125 0015 B 0 25
2 1490 350 I i] i] 0 0 0 25

M Fixed Lobe Bearing Dimensional Data
Options  Profile

Step Bearing modelled with Type 8 - Pressure Dam Bearing without side dams
L=6 in, D= 6 in, Ch= 0.005 in, 2Ch/D=0.00167, m= 0, tilt=0

Speed = 7000 rpm
Load = 3000 Lbf

W/LD = 83.3333 psi
Vis. = 2E06 Reyns

Sh = 1.008

E/Ch = 0.1850

Att. = 97.07 deg

hmin = 4.113 mils
Pmax = 240.526 psi
Hp = 32.5517 hp

Qside = 25.482 gpm
Stiffness (Lbf/in)
1.433E+06 1.250E+06
5.026E+06 1.3T1E+06
Damping (Lbfs/in}
4.535E+03 -1.831E+03
1.832E+03  1.262E+04
Critical Journal Mass (Lh}
3280.8
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It can also be modeled with Type 9 — Taper Land Bearing as illustrated below. The results are identical in two cases.

%4 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg_Step_Brg Type_9.LDI =3
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D= %[N

Step Bearing modelled with Type 9 - Taper Land Bearing without side dams

Bearing Data
L=6in
Ds=
Ch=0.005in
2Ch/D = 0.00167
Cp=0.005in
Preload =0 \ 9
Offset=10 o

Thetal= 10

Theta2= 170 ¥
Taper Arc = 125
Taper Ra=3.02
UnderCut = 0,01500 \'J
Taper AXL =6 W
Load Angle = 270
Viscosity = 2E-06 (Reyns)

Density = 0.03 {(Lbm/in*3}

Faor Help, press F1

Fixed Pad Bearing - Dimensional Analysis

Cormment; |Step Bearing modelled with Type 9 - Taper Land Bearing without side dams

Coordinates: |Standard Coordinates [%-Y] ﬂ Load &ngle: IT degres
Bearing Type: [EENE K. and C Coordinate Angle: IU— degree
Analysis Dption: |Constant Viscosty | Bearing Load = w0 + w1 x RPM + W2 s RFM"2—{LE
Conwert | Urits: [Engish | Wk |3000 Wwi1: |0 w2 |0
el B = Rotor Speeds (RPM) | Addiional Speeds
Jouml Dia. D: | finch) Start: [7000 End [7000 Inc.:. [1000
Erg Radial CI Ch: |0.005 (irzh)
Lubricant Dynarnic Yiscosity: | 2e-008 [Reyns]
Murnber of Pads: ’2— Density: |0.03 [Lbrndin™3]
Bearing Data for Pad # 1

Advanced Fetaures

Leading Edge; |10 Preload: |0
Trailing Edge; |170 Offset: |0

Hew ‘ Open | Save ‘ Save As | Bun ‘ LCloge |

Circumberential Boundary Conditions

Advanced Settings 5__(

" Reynolds (Swift-Stieber]  The Repnolds BC is the most realistic " —
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect
; . Lancel
" Sommerteld 2 pi) uzed for educational purpozes [ il Flooded
English Units: Angle - degree, Length - inches Murnber of Awial Elements: |8 Loak
|ohe| Thetal | Theta 2 | Preload | Offzet | Land-Aic | Land-Hadius| Center-r | Theta | Arcdul | Elements

1 10 170 1] a 125 anz2 a 1] E 25
2 190 350 0 a a a a a 0 25

Again, with the general inputs of pressure dam bearing and taper land bearing, more other types bearing can be modeled using these two types bearings.
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Example 6: S-Pads Tilting Pad Bearing

A 5-pads tilting pad bearing taken from Jones & Martin, ASLE Trans., 1979, is used in this example as shown below. For comparison purposes, Lund’s
coordinate systemis used, that is, the load vector is aligned with the X-axis. Lubricant viscosity is assumed to be constant and pivot/pad flexibility is ignored.

The input parameters are shown for reference. The first case considered is Load On Pivot.

| DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examplesi\Ch_6_Example_3_ TPJ LOP_coor1.TDI

Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant-Flow  Tools  Wiew  Help

D= 2K

CEX

Example from Shapiro & Colsher (1977) and Jones & Martin (1979) - Load on Pad

Bearing Data

Offset=05

5 e
L=5in
D=5in
Ch=0.005in
2ChiD =0.002 \
Preload=10 ” £
&

Arc Length =60
Pivot Angle = 36
Load On Pivot
Neglect Pivot Effect

For Help, press F1

Tilt Pad Bearing - Dimensional Analysis

Coordinates: |Lun-:| Coordinates [+ =] j

Analyzis Dption: |Constant Viscosity
Conwert | Upits: |English -

LengthL: |5 [inch)

Diameter O: |5 [inch)

Birg Radial Cir Che |0.005 [inch)
Eearing Preload: |0 Single
Preload
Mumber of Pads: 5
Pad Arc Length: |ED degree
Pad Pivot Offset 0.5

Load ector: |Load On Pivat -]

Comment: |Example from Shapiro & Colzsher [1977] and Jones & Martin [13739] - Load on Pad

k. and C Coordinate Angle: |270 degree

Bearing Load = w0 + w1 x BPM + w32 » (LB ™2

wi: [3433 wi: |0 w2 [0

Ratar Speeds [FPM] [ Additional Speeds

Start; [1000 End: |25000 Inc: {1000

Lubricant Dynarnic Yiscosity: |2e-006 [Reyn]

Pad/Fivat D ata...

Mew | Open ‘ Save | Save Az

Llick here for Pivat Type: | Meqlect Pad/Pivat Effect

Cloze

The results are presented below. Note that the bearing attitude angles are zero for the tilting pad bearings and the bearing cross-coupled stiffness coefficients
are also zero. It indicates the inherently stable characteristics for the tilting pad bearings.
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M Tilting Pad Bearing Dimensional Data

Oplions

Example from Shapiro & Colsher (1977) and Jones & Martin (1979) - Load on Pad
LID=1, Cb=0.005, 2Ch/D=0.002, m= 0, Offset= 0.5, Arc= 60, PivAng = 36

0.4 Journal Equilibrium Locus
w.r.t. Bearing Clearance (Ch)
0.2 w
A 4

0.0
0.2

# 25000

# 20000
_0 4 & 15000

& 10000
06 4 5000
0.8 & 1000
1.0

M Tilting Pad Bearing Dimensional Data

Options  Profile

Example from Shapiro & Colsher (1977) and Jones & Martin (1979) - Load on Pad
L/ID= 1, Cb=0.005, 2Cb/D=0.002, m= 0, Offset= 0.5, Arc= 60, PivAng = 36

Speed =5000 rpm
Load = 3433 Lbf

WILD = 137.32 psi
Vis.=2E-06 Reyns

Sb =0.30343

E/Cb = 0.6000
Att.=0.00 deg

hmin = 1.744 mils
Pmax = 541.948 psi

Hp = 8.60247 hp

Qside =0.624 gpm
Stiffness (Lbffin)
2.264E+05 0.000E+00
0.000E+00 3.008E+06
Damping (Lbf-slin)
1.867E+03 0.000E+00
0.000E+00 6.173E+03
Critical Journal Mass (Lb)
Stable

The second case considered is Load Between Pivots. The inputs and results are presented below.
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D= 2K

Example from Shapiro & Colsher (1977) and Jones & Martin (1979) - Load Between Pad

95:'%
Bearing Data P

L=5in
D=5in
Cb =0.005 in '\
2ChiD =0.002 0
Preload=0 Y
Offset=0.5 U r
Arc Length =60
Pivot Angle=0 V
Load Between Pivots
Neglect Pivot Effect

For Help, press F1

Tilt Pad Bearing - Dimensional Analysis

Comment: |E:-:arn|:-le fram Shapiro & Colsher [1977] and Jones & Martin [1979] - Load Between Pad
Coordinates: |Lund Coordinates [ =W ﬂ

Analyzis Dption: |Constant Viscosity K and C Coordinate Angle: |270 degree

Corvvert | Urits: |Englizh - Bearing Load ='W0 + %1 = BPM + W2 » [Lbf) "2

LengthL: |5 finch] il |3433 Wi |D i |U
Diameter D: |5 [inch] Rotor Speeds (APM] [ Additional Speeds
Bitg Fradial i Ch: |0.005 finch) Start: 1000 End: |25000 Inc: {1000

Bearing Freload: |0 Single Lubricant Dynamic Wiscosiy: W [Reyn)
Murmber of Pads: ’57 Feinad

Pad Arc Length: ’807 degree

PadFivot Offcet [05

Load Vector: | e

Click here far : ) ;
Pad/Pivet Diats. Piseat Type: | MHeglect Pad/Pivat Effect
New Open ‘ Save Save bz Bun Cloze
BePerf
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M Tilting Pad Bearing Dimensional Data

Options  Profile

Example from Shapiro & Colsher (1977) and Jones & Martin (1979) - Load Between Pad

LID= 1, Cb= 0.005, 2Ch/D=0.002, m= 0, Offset= 0.5, Arc= 60, PivAng = 0

Speed =5000 rpm
Load = 3433 Lbf

WILD = 137.32 psi
Vis.=2E06 Reyns

Sb =0.30343

E/Cb =0.6540
Att.=0.00 deg

hmin = 2.074 mils
Pmax =353.22 psi

Hp =8.89708 hp

Qside =0.488 gpm
Stiffness (Lbffin)
1.149E+06 0.000E+00
0.000E+00 2.176E+06
Damping (Lbf-slin)
2.765E+03 0.000E+00
0.000E+00 5.23TE+03

Critical Journal Mass (Lb)

Stable

Example 7: 4-Pads Tilting Pad Bearing — compressor application

A 4-pads tilting pad bearing used in a gear driven centrifugal compressor is utilized in this example. The bearing load is mainly due to the gear force, which
increases as the speed increases. For centrifigal compressor application, the gear load is a finction of square of the rotor speed. Also, to lower the bearing
maximum temperature, an pivot offset of 0.6 is used. The bearing is oriented such that the bearing load is directed between pivots. Note that the load vector is

between pivots, not pads.

% | DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg TPJ_Heat Balance 5.TDI
Project  Fixed-Lobe Tilting-Pad Floating-Ring Gas-Brg Thrust  Lubricant-Flow  Tools  Wiew Help

Di=| 282

CEX

Bearing Data

L =1.9685 in
D=21654in
Ch=0.0029in
2ChbiD =0.003
Preload=0.3
Offset=0.6

Arc Length =72
Pivot Angle = 27
Load Between Pivots
Load Angle = 252
Qsup =5 gpm

Q factor=0.25
MNeglect Pivot Effect

For Help, press F1

4 Pads TPJ Compressor Applicatin

Y
—

I

|

\]

| S

2

a
X
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Tilt Pad Bearing - Dimensional Analysis

Comment: |4 Padz TRJ Comprezsor Applicatin
Coordinates: |5tandard Coordinates [ ﬂ Load Angle: ’2527 degree

Analysis Option: |Heat Balance - K and C Coordinate Angle: |0 degree

Conwert | Units: |English - Bearing Load ='W0 + W1 = RPM + W2 » [Lbf) "2
LengthL: [1.9585 finch) wi: |0 wi: |0 wiz: [1.26-006

Diameter D: |2.1654 linch] Fotor Speeds (APM) [ Additional Speeds
Big Radial Cir Ch: [0.0029 finch] Start; |30000 End: |40000 Inc: {1000

Bearing Preload: ’037 E Lutricant: |Mc-bi| DTE Light [+¥G 32) j
Mumber of Pads: ’47 Preload

Pad Arc Length: "_"‘27 degree Heat caried away: |20 -

PsdPivot Offset [06 Supplied Flow: [5 -

Inlet Temperature: {110 [deq.F)

025 i
Load Vector: |Load Between Pivots | B Integration Factor
Click here far : . -
Fad/Ehvat Data, Pivot Type: | Weglect Fad/Pivat Effect
Mew | Open ‘ Save | Save fz ‘ Cloze |

Some results are shown below:

M Tilting Pad Bearing Dimensional Data

Options

4 Pads TPJ Compressor Applicatin
L/D=0.9091, Ch= 0.0029, 2Ch/D=0.00268, m= 0.3, Offset= 0.6, Arc= 72, PivAng = 27

200 --T Inlet, o- T operating, x- T maximum
180 1
w
L
2 1860 1
il
L1+
o /
E 140 1
@
|_
120 1
100
30000 32500 35000 37500 40000
Rotor Speed (rpm)
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M Tilting Pad Bearing Dimensional Data E| |E|E|

Options  Profile

4 Pads TPJ Compressor Applicatin
L/'D= 0.9091, Cb= 0.0029, 2Ch/D=0.00268, m= 0.3, Offset= 0.6, Arc= 72, PivAng = 27
Speed = 35000 rpm
Load = 1470 Lbf

W/LD = 344.861 psi
Vis. = 1.606E-06 Reyns

et L T
sb = 0.37864 Gt Lo
E/Ch = 0.4555 ¢ R
Att. = 0.00 deg o

""u'.m".l}}\‘}\

hmin =1.272 mils
Pmax = 1278.35 psi
Hp =17.1661 hp
Qside = 4.221 gpm
Qsup =5 gpm

T=110, 144, 176 degF
Stiffhess (Lbfin)
1.546E+06 0.000E+00
0.000E+00 1.5456EH0E6
Damping (Lbf-s/in)
4.253E+02 0.000E+H0
0.000E+00 4.253E+H02
Critical Journal Mass (Lb)
Stable

My
\\

For 4-pads and load between pivots, the bearing stiffhess and damping are identical in both X and Y directions. This implies that the bearing properties are
isotropic.

Example 8: 4-Pads Tilting Pad Bearing with Pivot Flexibility

In this example, the pad/pivot flexibility is studied. For big bearings with larger pads, the pad effect may need to be included in the analysis. A tilting pad

bearing used in the generator application is employed in this example. The bearing under study has spherical pivots. In this example, several different pad/pivot
configurations are studied.

" DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg_TPJ42_SphericalPivot. TDI =13
Project  Eixed-Lobe Tilting-Pad Floating-Ring  Gas-Brg Thrust  Lubricant-Flow  Tools  Wiew Help

Dj=| %2

Tilting Pad Bearing with Spherical Pivot

Y

Bearing Data
L=3.751In
D=4.92in
Ch=0.0033 in

2Cb/D = 0.001 '\ 0

Preload =0.5 L8]
Offset=05 " X
Arc Length =72 =T

<

-
-
Pivot Angle = 45
Load Between Pivots
Load Angle = 270
Spherical Pivot w

For Help, press F1

BePerf 95/131



Tilt Pad Bearing - Dimensional Analysis

Comment: |Ti|ting Fad Bearing with Spherical Pivot

Coordinates: |5tandard Coordinates -] ﬂ

Analyzis Dption: |Constant Viscosity
Conwert | Units: |English -

Load Angle: | 270 degree
k. and C Coordinate Angle: |0 degree

Bearing Load ='W0 + W1 = RPM + W2 » [Lbf) "2

LengthL: [375 finch) w2850 wi: |0 wz [0

Diameter D: |4.92 [inch) Rotor Speeds (APM] [ Additional Speeds

Big Rladial Clr Cb: |0.0033 finch] Start; [3600 End: |3600

Mumber of Pads: |4
Pad Arc Length: |72 dearee
Pad Pivot Offset: [0.5

Load Vector: |Lc-a-:| Between Pivats j

Click here far

/Pt Data, Piseat Type: | Spherical Pivot - Point Contact

Mew | Open ‘ Save | Save fz ‘ Bun ‘

Inc: |'IDD

Eearing Preload: (0.5 Single Lubricant Dynamic Yiscosity: | 2.07e-008 [Reyn]
Preload

Pad/Pivot Data

Pivot Flesibility: |5 pherical Pivat - Paint Cantact ~||

Distarce from Pad Center of Curvature to Pad C.G.: |2.685 [in]
Pad D ata Housing D ata
Poisson's Ratio: |D- EE |D-29
Elastic Modulus: | 16000000 (23000000 (Lb#/in"2)
Radius: |5.12 [5.125 fin]

Pad Mass: [1.1351 [Lbrm) Inertia: |1.08877 [Lbm-in"2) Claze

To select the pad/pivot configuration and enter the pad/pivot data, click the Pad/Pivot Data button as shown in the main input screen. They are several pivot

configurations available in DyRoBeS.

1. Neglect Pad/Pivot Effect. This is a conventional configuration, which neglects the pad/pivot effect. The pad is fiee to tilt without any restrictions.

2. Rigid Pivot which is free to tilt with inertia effect. In this configuration, the pad inertia is included in the pad rotational equation of motion.

3. Spherical Pivot, it implies the point contact.
4. Cylindrical Pivot, it implies the line contact.
5. General curvatures, it has curvatures in both directions.

6. Constant stiffness, this is used for flexural pad bearings.

Case 1 — Neglect Pad/Pivot Effect
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Pad/Pivot Data 9

R A Y (1 eale et Pad/Pivat Effect ] 4
PadMass[11351  [Lbm) Inettia: [1.08877  [Lbmin"2) Close
Diztance from Pad Center of Curvature ta Pad CG; |2.685 [in]
Pad Data Housing D ata
Poizson's R atio: |D- Ex |D-29
Elastic Modulus: | 16000000 (23000000 (Lb#/in"2) :il:::? i:':' ;;;i;mt
Fiadius: |5-1 2 |5-'I 25 {in] PadPivot effect 1s
Effective Length: a [ir] ne-gle-cte-d
Asial Fadius: [0 o fin]
Radial Stiffress: [0 [Lbf i)
Tangential Stfness: [0 (Lbfn)
Raotational Stiffness: |0 [Lbf-indrad)

M Tilting Pad Bearing Dimensional Data
COptions  Profile

Tilting Pad Bearing - Neglect Flexible Pivot Effect

L/'D=0.7622, Ch= 0.0033, 2Cbh/D=0.00134, m= 0.5, Offset= 0.5, Ar¢=T72, PivAng = 45
Speed = 3600 rpm
Load = 2850 Lbf
W/LD = 154.472 psi
Vis. = 2.01E-06 Reyns

Sb = 0.43385
E/Cb = 0.5539
Att. = 0.00 deg

hmin = 1.635 mils
Pmax = 511.502 psi

Hp = 4.43236 hp

Qside = 1.293 gpm
Stiffness (Lbfiin)
2.114E+0&6 0.000E+H00
0.000E+00 2.114EH0E
Damping (Lbf-s/in)
4.7T33E+03 0.000EHOO
0.000E+00 4.733E+H03
Critical Journal Mass (Lb)
Stable

Case 2 — Rigid Pivot with inertia effect

Pad/Pivot Data

ISR Ficid Fivot - Free to Tit with Inertia Effect ﬁ
|hertia; |1.08877 [me-in"2] Cloze

Diztarce from Pad Center of Curvature to Pad TG |2.685 (in]
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M Tilting Pad Bearing Dimensional Data

Options  Profile

Tilting Pad Bearing with Rigid Pivot, but free to tilt with Inertia Effect

L/'D= 0.7622, Cb= 0.0033, 2Ch/D=0.00134, m= 0.5, Offset= 0.5, Arc= T2, PivAng = 45
Speed = 3600 rpm
Load = 2850 Lbf
WILD = 154.472 psi
Vis. = 2.01E-06 Reyns

Sh = 0.43385
E/Cb = 0.5539
Att. = 0.00 deg

hmin = 1.635 mils
Pmax = 511.502 psi

Hp = 4.43236 hp

Qside = 1.293 gpm
Stiffness (Lbfin)
2.113E+06 -5.43TEH02
5.437E+02 2.113EH06
Damping (Lbf-s/in)
4.7T32E+03 1.035E+00
-1.035EH00 4.T32EH03
Critical Journal Mass (Lb)
6.1811E+10

Case 3 — Spherical Pivot, this is the true configuration.

Pad/Pivot Data

Pivat Flexibility: |Spherical Fivot - Point Contact ﬂ
Pad Mazs: ’W [Lbrm) Inertia: |1.08877 [Lbrm-in"2) Clase
Distarce from Pad Center of Curvature to Pad G |2.685 [in]
Fad Data Houzing Data
Paoizson's R atio: |D- e |D-2S
Elastic Modulus: |1 000000 |29E'U'I“JEI [LbfAin™2]
Radius: [5.12 [5.125 fin]
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B Tilting Pad Bearing Dimensional Data

Options  Profile

Tilting Pad Bearing with Spherical Pivot
L/'D= 0.7622, Cb= 0.0033, 2Ch/D=0.00134, m= 0.5, Offset= 0.5, Arc= T2, PivAng = 45

Speed = 3600 rpm
Load = 2850 Lbf
WILD = 154.472 psi
Vis. = 2.01E-06 Reyns

Sh = 0.43385
E/Cb = 0.5539
Att. = 0.00 deg

hmin = 1.635 mils
Pmax = 511.502 psi

Hp = 4.43236 hp

Qside = 1.293 gpm
Stiffness (Lbfin)
2.028E+06 -5.076E+D2
5.076E+02 2.028E+H06
Damping (Lbf-s/in)
4.015E+03 1.053E+00
-1.053E+H00 4.015E+H03
Critical Journal Mass (Lb)
4.898TE+10

Case 4 — General Curvatures, The spherical pivot can be modeled using this more general input.

Pad/Pivot Data

X]

Pivot Flexibility: |EXa=nE IRNTERNE

Pad Mass: |1.1351 [Lbrm] Inertia;

= x|
1.08877 [Lbrm-in"™2] M

Distarce from Pad Center of Curvature to Pad G |2.685 [in]
Fad Data Houzing Data
Paoizson's R atio: |D- e |D-2S
Elastic Modulus: |1 000000 |29E'U'I“JEI [LbfAin™2]
Radius: |5.12 5.125 fin]

Asial Fadius: [5.12 512 | )
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M Tilting Pad Bearing Dimensional Data
Options  Profile

Tilting Pad Bearing with Spherical Pivot modelled as general curvatures

L/'D= 0.7622, Cb= 0.0033, 2Ch/D=0.00134, m= 0.5, Offset= 0.5, Arc= T2, PivAng = 45
Speed = 3600 rpm
Load = 2850 Lbf
WILD = 154.472 psi
Vis. = 2.01E-06 Reyns

Sb = 0.43385
E/Cb = 0.5539
Att. = 0.00 deg

hmin = 1.635 mils
Pmax = 511.502 psi

Hp = 4.43236 hp

Qside = 1.293 gpm
Stiffness (Lbfin)
2.028E+06 -5.076E+D2
5.076E+02 2.028E+H06
Damping (Lbf-s/in)
4.015E+03 1.053E+00
-1.053EH0 4.015E+03
Critical Journal Mass (Lb)
4.898TE+10

These results are identical to case 3. For Spherical Pivot and Cylindrical Pivot, the radii are always positive. For General Curvatures, the radii are
positive if the center of curvature lies within the given body, i.e., the surface is convex, otherwise, the radii are negative.

Example 9: Floating Ring Bearing

Floating ring bearing is commonly used in the automotive turbocharger application. There are two oil films separated by a floating ring. It is like two bearings in
series. For a conventional floating ring bearing, the ring is free to rotate. Then, two bearings are conventional plain cylindrical journal bearings. Sometimes,
anti-rotational pin is used to prevent the ring from rotating, then, the outer oil film becomes a squeeze film damper. The bearing type of outer film, either plain
journal bearing or squeeze film damper, depends on the speed ratio specified in the input. In this example, the ring is fiee to rotate.

% | DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg Turbocharger?.FRB |Z||E|rz|
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant-Flow  Tools  Wiew  Help

Di=| 282

Turbocharger - Floating Ring Example, page 279

Y

Bearing Data
Li=0.41in
Le=0.51In
Ds=0.4332 in
Di=0.434in
Do=0.751n

Db =0.7525 in
Mr = 0.037 Lbm
Mui = 1E-068 Reyns
Mue = 2E-06 Reyns
Speed Ratio=0.2
Ci=0.0004 in
Co=0.001251n
Co/Ci=3.125
Load Angle =270

Far Help, press F1
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Floating Ring Bearing

X

Camment: |Turb0charger - Floating Ring Example, page 273

Coordinates: |Standard Coordinates (<) | Load Angle: IT degres
Conwert | Units: |English bk K and C Coordinate Angle: IU— degres
Shaft Diameter Ds: |0.4332 finch) Bearing Load = w0 + W1 x APM + 42 x APM"2—[Lbf]
Bearing Diameter Db: ]W finch) Wi |05 wi: [0 w |0
Flaating Ring Data
Vs e ’W (L] Rator Speads [RPM) [~ Additional Speeds

Start; |1uunun End: |‘IEDDDU Inc.: |1DUDU

Inner Length Li; |0-4 [inch)

Outer Length La; |05 finch) Inner Film Yizcozity: [1e-006 [Fieyns)

Inher Diameter D (0434 [iveh) Outer Film Yiscosity: |2e-006 [Reyns)
.75

Outer Diameter Do; |0 [irch] Rirg/Shaft Speed Fatic: nz

Ci=0.0004, Co= 000125, Co/Ci= 3.125, Max. Estimated Speed Ratio= 0194117

Hew | Open | Save Save Az ‘ Bun ‘ Close ‘

The temperature for the inner oil film is normally higher than that of the outer oil film, therefore, it has a smaller viscosity than that of outer film.

M Floating Ring Bearing Data |Z E| E|
Options  Profile  Eilm

Bearing Data Turbocharger - Floating Ring Example, page 279

LiLe=0.4,05 in
Ds.Di= 0.4332,0.434 in
Do,Db = 0.75, 0.7525 in Y
Ci,Co =0.0004, 0.00125 in
Co/Ci=3.125

Mr = 0.037 Lbm

Mui = 1E-06 Reyns

Mue = 2E-06 Reyns
Speed Ratio=0.2

Load =0.5Lb

Rotor RPM = 120000 rpm
ej/(CiHCo) =0.0032

hmin = 0.40, 1.24 mils
Pmax = 5.34, 2.50 psi
Loss =1.7198 hp
Kixx,xy = 1.12E+)5, 1.32E+06 Lbf/in
Kiyx,yy = -1.99E+06, 1.10E+05 Lbf/in
Cixx,xy = 1.84E+02, -1.48E+01 Lbf-s/in
Ciyx,yy = -1 48E+01, 2.64E+02 Lbf-5/in
Koxx,xy = 3.62E+03, 6.04E+04 Lbf/in
Koyx.,yy = -8.19E+04, 2.31E+)3 Lbf/in
Coxx,xy = 4.80E+01, -2.56E+00 Lbf-s/in
Coyx,yy = -2.56E+00, 6, 52E+01 Lbf-5/in
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Floating Ring Bearing Output K, C for, DyRoBeS_Rotor,

Current Unitz: K. = Lbf/in, C= Lbf-2/in ok
[K.C) output = [K.C) current = Corwersion Factor
. Catricel
Output units for K. and C: s Fasian

i Lbfin o~ Ném ¢~ Némm € Dther

Lbf-z/in M-z/m M-z/mm

QOutput filename: Click left buttons to Enter the file name for K. and C data

Imp:r_naoclt::'lce |l:: WyFolderDyF oB eS4E samplehExample’Turbocharger2 brg

Irner Film |l:: ‘WyFalder\DyF oB eSE sampleExample’ Turbocharger2lnner. brg

Duter Film |l:: WpFalder\DyF oB eSE sample!E=ample’ Turbocharger20uter. brg

When outputs the bearing stiffness and damping coeflicients, three files will be created. One is for the total impedance which synchronous excitation is
assumed. The other two are the bearing stiffhess and damping coefficients for the inner and outer filins. It depends on how the rotor system is modeled. The
users can make their decision on how to use these files.

Example 10: A 3-Lobe Gas Bearing

A 3-lobe gas bearing is used in this example. The input parameters are shown below.

"1 DyRoBeS_BePerf - C:\MyFolder\DyRoBeS\Examples\Brg GasBearing3.GDI
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant-Flow  Tools  Wiew  Help

Di=| 282

A 3-Lobe Gas Bearing

Bearing Data
L=1in
Ds=1in
Ch = 0.0006 in

2Cb/D = 0.0012 ;\ lﬁ 0
Cp=0.0012in . X
Preload =0.5 >
Offset=0.5
Thetal= 90
Theta2= 210 A
Load Angle = 270 W
Viscosity = 2.TE-09 (Reyns)
Ambient P = 14.7 (psia)
Side P = 14.7, 14.7 (psia)

Far Help, press F1
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Fixed Pad Gas Bearing - Compressible Flow

Camment: |.6. 3-Lobe Gas Bearing

Coordinates: |5tandard Coordinates )

j Load &ngle; |270 degree

Bearing Type: |Three Lobe

Correert | Unitz |Endlizh -

ﬂ K. and C Coordinate &ngle: |0 degree

Bearing Load ='W0 + W1 # RPM + W2 x RPM™2—{LES

X

Length L. |1 (inch] wi. [128 wi: [0 w2z |0
. al .
Diameter D: (inch] Fiotor Speeds (RPM] [ Additional Speeds
Brg Fiadial Cr Cb: |0.0005 L= Start: (82800 End [0 ine.: 10000
&mbient Pressure; |[14.7 [psi]
Gas Dynamic Viscosity: |2 7e-003 [Fieyns]
™ Pressurized Feed
Prezsure; |0 [psia) Side Pressure; z=00 |14..'-" z=L: |14.?
Mumber of Pads: |3 MNumber of Aial Elements: |4
Pad Theta 1 | Theta 2 | Preload | Offzet | Elements
1 a0 210 05 05 20
2 210 330 05 05 25
3 330 4500 05 05 25
Mew Open Save Save Az Cloze ‘

Some results are shown below.

B Gas Journal Bearing Data
COptions  Profile

CEX

A 3-Lobe Gas Bearing

L=1in, D=1 in, Ch=0.0006 in, 2Ch/D=0.0012, m= 0.5, tilt= 0.5

Speed = 82800 rpm
Load =12.9 Lbf

W/LD = 12.9 psi

Vis. = 2.TE-09 Reyns
Lamda = 6.6358

Sb = 0.20058

E/Cb = 0.6275

Att. = 29.05 deg

hmin = 0.253 mils
Pamb = 14.7 psi

Pmax = 27.868 psi(g)
Hp = 0.0439035 hp
Stiffness (Lbfin)
3.222E+04 -T.632EHI3
-1.932EH03 6.554E+04
Damping (Lbf-s/in)
1.068E+00 -3.080E-01
4.583E-01 1.205E+H00
Critical Journal Mass (Lb)
Stable
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B Gas Journal Bearing Data

Options  Profile

A 3-Lobe Gas Bearing
L=11in, D=1 in, Cb=0.0006 in, 2Ch/D=0.0012, m= 0.5, tilt= 0.5

Zz

rpm = 82800
E/Cb =0.6275

Amb. Pressure = 14.7

Max. Pressure (g) = 27.868
3D - Pressure Profile Thata

M Gas Journal Bearing Data

Options  Profile

A 3-Lobe Gas Bearing
L=1in, D=1 in, Cb= 0.0006 in, 2Cb/D=0.0012, m= 0.5, tilt= 0.5

P
A e,
Theata
rpm = 82800
E/Cb =0.6275

Amb. Pressure = 14.7
Max. Praessure (g) = 27.868
3D - Pressure Profile
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Nomenclature Table of Contents
Nomenclature

Symbol | Description

(3] Bearing center

] Journal center

o Pad (lohe) center of curvature

Rh Bearing assembled radius at minimum clearance

Ry Journal shaft radius

Rp Fad machined radius

e Journal eccentricity, distance fram hearing center to journal center
Attitude angle, angle fram X axis (load wector) to the line

¢ connecting bearing center and journal center

a Angle from the negative load vector (negative X axis) to leading
edge of the first lohe

& Angle from the negative load wector (negative X axis) to trailing
edge of the first lohe

g Angle from the negative load vector (negative X axis) to the line

i connecting the bearing center and the pad center of curvature

MNpad MNumber of pads (lobes)

L Bearing (habhitt) axial length

] Bearing diameter

Ch Bearing minimum assemhled radial clearance, Ch=Rbo- Rj

Cr Pad machined radial clearance, Ca = Rp - R

m Preload, m= 1-(CHICpg)

P Lobe orPad arclength, y=6,-§

7 Angle from leading edge to the minimum clearance point for a
centered shaft for fixed lobe bearings, ar, Angle from leading edge
to pad pivot point for tilting pad bearings, 7, = 6, — §

e Offset, or Pivot Ratio, o= 7, /7

W Eearing load vectar

! Shaft rotational speed (radisec)

Nz Shaft rotational speed (rps)

rpm Shaft rotational speed (rpm)

A Lubricant dynamic viscosity
The following parameters are used in the output

5 Sammerfeld Number

i Damping coefficients (Cxx, Cxy, Cyx, Cyy)

Hif Stiffness coefficients (Mo, Kxy, Bvx, Kvy)

himin Minimum film thickness

hpiw Film thickness at pivot point

Prax Maximum film pressure

Hp Frictional power loss

Qs Side leakage

in Tatal inlet circumferential flow

T Temperature

Tin Inlet (supply) oil temperature

Top Operating film temperature

Trax Maximum film temperature

dT Temperature rise in loaded pad

Mcr Critical jaurnal mass

Whirl Whirl'Spin ratio

See also Non-Dimensional Parameters.
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Non-Dimensional Parameters

Table of Contents

Non-Dimensional Parameters

Description Expression
2
Sommerfeld Number g= M (Ej
W i
) . ~- kK
Film Thickness h=—
C'
€
Eccentricity Ratio g=—
o
o =
Preload P =1_&
CP CP
|8 — &8 |
Offset ( or Pivot Ratio) = & _Ar
|§2 - q | ¥
) - — L
Damping Coefficients e C’u
W
[y
Stiffness Coefficients K, = E K,
_ 7 1 P
Film Pressure g W)’LD
Frictional P L I35 ( < j Hr
rictional Power Loss =
P ﬂ_3;“-,\“:2 I i
_— ¢
Flovw &= 1
?ﬂ'NJ CLD
_ oged
Critical Journal Mass R = | Mo

where C can bethe padradial clearance or hearing radial clearance.

See also Nomenclature.
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Units Table of Contents

Units

Two systems of units are provided in this program. The unit conversion is listed below for reference.

Unit English Metric (SI) Conversions (" = multiply)
Time zecond (=) second (=)
Length in Meter (m) m = 0.025400 *in
in mm mm=254 "in
Force Lhf MNewton (M) Moo= 4448227 7 Lbf
M =1k * 1m/s? | W = S BOBE " kgf
Moment Lhf-in I-m M- = 01129846 * Lhf-in
Mass Lhf-=2fin kg = M-g%m kg = 045358924 * Lhm
kg = 1751266 * Lbf-s%in
Lhrn = 386.088 7 Lkf-s%in
Density Lhf-=2fin® ko kofm® = 2 TETI50E+04 * Lhm/fin®
kofr® = 1.068688E+07 * Lbf-=%/in?
gicm® = 1% g oo
gicr® = 2 7RT990E+01 * Lhrmfin®
Lbrniind = 0.0361273 * gicm®
Inertia Lhf-52-in kg-rm? ko-rm? = 01129846 * Lbf-s%-in
Modulus Lhffin? {psi) M2 (Pa) Pa = BBB47HVE+03 ™ psi
kM/ m2 (kPa) kPa = BBB4757 " psi
Lateral Kt Lhffin MNim Mim  =1751266 7 Lbffin
Mimm = 017512668 * Lbffin
Lateral Ct Lbf-=fin MN-=fm M-zfm = 1751266 ™ Lbf-sfin
M-sfmm = 01751266 * Lbf-siin
Torsional K Lbf-infrad MN-mirad M-mfrad = 0.1129846 * Lbf-infrad
M-rmimifrad = 112.8346 * Lbf-infrad
Gravity - g 386 088 infs® | 9.B0BE mis®
Temperature | °F °C T =(*F-32)* o/8
Wiscosity Reyn centiFoise cF = 6.894757E0NG* Reyn
(Lhf-s/inZ) cP = 1.0E03 * Pa-s
cP = gicc * oSt (mm3fs)
Flow rate gprm (galfmin) | mffhour redhour = 0.2271 * gpm
FPower hp katt KWatt = 0.7457 * hp
Unbalance oz-in = 0.03527 " g-in
gin = 2835 T 0z-in
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DyRoBeS©_Rotor

DyRoBeS© Rotor is a powerful rotor dynamics program based on Finite Element Analysis (FEA). This program has been developed for the analysis of fiee
and forced vibrations (Lateral, Torsional, and Axial) of multi-shaft and muilti-branch flexible rotor-bearing-support systemns.

The lateral vibration of the discretized rotor systemis described by two translational (x, y) and two rotational (6 qu” ) coordinates at each finite element
station, i.e. 4 degrees-of-freedom at each shaft station. The motion of a flexible support is described by two additional translational displacements (x, y). For
flexible disks, two additional rotational displacements are introduced. That is, for a flexible disk, a total of six (6) degrees-of-freedom is required to describe
the motion of the disk. The analyses for lateral vibration contain:

Static Deflection & Bearing/Constraint Reactions
Critical Speed Analysis

Critical Speed Map Analysis

Whirl Speed & Stability Analysis

Steady State Synchronous Response Analysis
Steady State Harmonic Excitations

Time Transient Analysis

Steady Maneuver Load Analysis

For torsional vibration, the motion of each finite element station is described by a rotational displacement (&)

the combination of continuous and discrete model. The analyses for the torsional vibration are:

. The systens can be continuous, discrete, or

Undamped and Damped Natural Frequencies Calculation
Steady State Forced Response Analysis

Transient Startup Analysis with speed dependent excitation
Transient Analysis with time dependent excitation

For axial vibration, the motion of each finite element station is described by a translational displacement (z). The systens can be continuous, discrete, or the
combination of continuous and discrete model. The analyses for the axial vibrations are:

Undamped and Damped Natural Frequencies Calculation
Steady State Forced Response Analysis

The Lateral, Torsional, and Axial motions can be coupled through a gear mesh and thrust collar for a geared system

DyRoBeS - Rolor  Copyright ©1981-1897
Wer 1 Eigen Technolodies, Inc.
Wen Jeng Chen, PhD. PE.
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Coefficients Coordinate Angle

A Cartesian coordinate system (X, ¥,Z) is used to describe the bearing geometry and load vector. However, the bearing dynamic coeflicients (stiffness and
damping coeflicients) can be calculated in any coordinate system (x,),z) by specifying a Coefficient Coordinate Angle in the bearing input data. The
Coordinate Angle is measured from the X-axis (used to describe the bearing geometry) to x-axis (used to describe the bearing coefficients).

Ifthe Lund’s convention is used to be the coordinate system, two most commonly used Coefficient Coordinate Angle are:
1. ¥ =0, ie. xaxis is the loading direction

2. ¥ =90 , i.e., negative y axis is the loading direction
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Plain Cylindrical Journal Bearing
Typical data for Lund Coordinate System: & | =0, ¢ ,=360, m=0, & =0

See also_Coordinate Systens, Fixed Lobe Bearing Geometry.
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Partial Arc Journal Bearing
Typical data for Lund Coordinate System: & | = 120, € 5 =240 for 120 degree arc, and € [ =105, &, =255 for 150 degree arc, m=0, & =0

See also Coordinate Systens, Fixed Lobe Bearing Geometry.
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Two Axial Grooves Bearing Table of Contents

Two Axial Grooves Journal Bearing
Typical data for Lund Coordinate System: & | =100, € ,=260,m=0, & =0

See also Coordinate Systens, Fixed Lobe Bearing Geometry.
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Elliptical (Lemon Bore) Journal Bearing
Typical data for Lund Coordinate System: & | =100, € ,=260,m=0.5, & =0.5

See also Coordinate Systens, Fixed Lobe Bearing Geometry.
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Offset Halves Journal Bearing
Typical data for Lund Coordinate System: & | =105, ¢ ,=255,m=0.5, & =1.1

See also Coordinate Systens, Fixed Lobe Bearing Geometry.
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Three Lobes Journal Bearing
Typical data for Lund Coordinate System: & | =10, € ,=110,m=0.5, & =0.5or 1.0

See also Coordinate Systens, Fixed Lobe Bearing Geometry.

b.
K N\ wop
Of
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Four Lobes Journal Bearing
Typical data for Lund Coordinate System: & | =52.5, € ,=127.5,m=0.5, & =0.50r 1.0

See also Coordinate Systens, Fixed Lobe Bearing Geometry.
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Pressure Dam Bearing / Multi-Pocket Bearing / Step Bearing
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Pressure Dam Bearing, Multi-Pocket Bearing, or Step Bearings

In addition to the standard lobed bearings with preload and offset, pressure dam (pocket) and relief track are introduced in these types of bearings. The
following figures are shown for a typical 2 lobes pressure dam bearing. However, this option allows you to have as many lobes as you like and each lobe can

have preload, offset, pressure pocket or relief track. The following design rules for the pressure dam bearings have been suggested by Dr. John Nicholas, a
leading researcher in pressure dam bearings.

1. The optimum Sommerfeld number range for designing a pressure dam bearing to increase stability is S >= 2.0

2. The optimum Clearance Ratio is around 3.0. A slightly larger clearance ratio (3.0-6.0) is recommended to avoid the sudden drop in load capacity for

clearance ratios below 3.0.

Steps should be located at about 75% of the total arc length of the pad. The optimum step location for stability is between 125 and 160 degrees for 2
lobes bearings depending upon the Sommerfeld number. A reasonable compromise value is 140 degrees.

4. Relieftrack in the loaded pad should be avoided due to the high operating eccentricity ratio.
5. Pocket axial length should be 65% to 70% of the total axial bearing length.

To use these types of bearings, the Advanced Features must be checked in the input. The positive relief track axial length indicates that the relieftrack is in the
center and the negative relief track axial length indicates that the relief track is on both sides as shown below.

Pressure

Pocket
Pocket ;L"—---‘_“‘
w_| Depth
5

U

LY

hY
A
Relief kT -
Track

Pocket

Step

—
Pocketd: L
Bearing Length

Pocket &rc Length  ———1

Relief Track

Relief Track
Lxial Length

Case 1 - Relief Trackin center

Case 2 - Relief Track on both side

172 Relief Track

152 Relief Track
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Fixed Pad Bearing - Dimensional Analysis

Camment: |Ehapter B Example 1: Prezzure D'am Eearing with centered Relief Track

Coordinates: |Standard Coordinates [-Y) ﬂ Load Angle: 270 degres
Bearing Type: |F'ressure Damdhdulti-Focket j k. and C Coordinate Angle; |70 degree
Analpsiz Optior: |[Constant Viscosity Bearing Load =W + W1 2 BPM + W2 x RPM ™2 {58

Urits: |E nglish - Wi |1DEID Wi |D W |D
Length L: |6 linch) Rotor Speed (RPM]

Diameter D:| finchi Stark: |1nuu End: |?nun Inc.: |1unu

Brg Radial CIr Ch: |0.005 [inch) ) e
Lubricant Dynarnic Yiscosity: |2e-008 [Rewns)

2
Murnber of Pads: Density: |7.8¢-005  (Lbm/in"3]

Bearing Data for Pad # 1

Leading Edge: |10 Preload: |0
Click here for
Trailing Edge: 170 Offset [0 ' Advanced Features On

Hew ‘

Save ‘ Sawve As ‘ Bun | LCancel |

Advanced Settings E

Circurnferential Boundary Conditions

P [v ad d Feat
{* Repnolds [Swift-Stisber) The Reynolds BC is the most realiztic HANCe Feallres Ok
(™ Gumbel (half Sommerfeld)  Gumbel and Sammerfeld BCs are only ¥ Turbulence Effect ol
LCance

" Sommerfeld [2 pi) used for educational purposes ™ [l Flooded
Wurnber of Axial Elements: |8 English Units: Angle - degree, Length - inches
|ohe| Thetal | Theta 2 | Freload | Offzet | Focketirc |F'DcketDe|3th| Focketdxl | Relieféxl | Elements
1 10 170 0 i} 125 0.ma 45 a A0
2 190 350 0 a a 0 0 2] 50

Fositive - Central Relief
Megative - Side Relief

M Fixed Lobe Bearing Dimensional Data E||E|E|
Options  Profile

Chapter B Example 1: Pressure Darm Bearing with centered Relief Track
L= in, D=FE in, Cb= 0.005 in, preload= 0, offzet=0

Speed = BO00 rpm

Load = 1000 Lbf

WHLD = 27 7778 psi

Yis. = 2E-06 Reyns
Sh=2592
E/Ch=06172

Att. = 56.03 deg

hrnin = 1.914 mils

Prnax = 366.165 psi

Hp = 18.0709 hp
Stiffness (Lbffin)
2176E+IE 2 918E+HIG
3.2889E+04  1.670E+HIG
Darnping (Lbf-sfin)
B.S0SE+HIS 2713E+H13
2715E+03 2979E+03
Critical Journal Mass
16.39
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B Fixed Lobe Bearing Dimensional Data

Options  Profile

Chapter & Example 1: Pressure Dam Bearing with centered Relief Track
l=6in, D=6 in, Cb= 0005 in, preload= 0, offset=0
z

rpm = 6000
EfCbh = 06172

Max. Pressure = 366,16
30 - Pressure Profile Thata

M Fixed Lobe Bearing Dimensional Data

Options  Profile

Chapter B Example 1: Pressure Dam Bearing with Relief Track on both sides
L= in, D=FE in, Cb= 0.005 in, preload= 0, offzet=0

Speed = BO00 rpm
Load = 1000 Lbf
WHLD = 27 7778 psi

/ T .

Vis. = 2E-0B Reyns S .
Sh =2 592 < 2\
EfCh=0.4125 Q.

Att. = 69.70 deg
hrnin = 2.937 mils
Prmax = 34357 psi
Hp = 158343 hp
Stiffness (Lbffin) N
1.763E+05 3.0B4E+15 ”‘,/%J""

-4 795EHIS  1.655EHIG ////
Darnping (Lbf-sfin) //
G.14BE+HI3 Z.634E+HI3

2B38EHI3 3.743E+HI3

Critical Journal Mass
14.27
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Bl Fixed Lobe Bearing Dimensional Data

Options  Profile

Chapter 6 Example 1. Pressure Dam Bearing with Relief Track an both sides
l=6in, D=6 in, Cb= 0005 in, preload= 0, offset=0

z

rpm = 6000

EfCh=0.4125
Max. Pressure = 343.57
30 - Pressure Profile Thata

Note that this bearing type can be de-generated into a standard muilti-lobe bearing, if PocketArc, PocketDepth, PocketAxL, and ReliefAXL are zero, as
shown below:

Advanced Settings E|
Circumferential Boundary Conditions
T ak.
' Reynolds [Swift-Stieber) The Reynolds BC is the most realiztic v —
" Gumbel [half Sommerfeld]  Gumbel and 5ommerfeld BCs are anly [v Turbulence Effect
. . Lancel
" Sommerfeld (2 pi] uzed for educational purposes [ 0l Flooded

Englizh Unitz: Angle - degree, Length - inches Murnber of Axial Elements: |B

|ohe| Thetal | Theta 2 | Preload | Offzet | Pocketirc |PocketDeDth| Pocketfsl | Religfisl | Elements
1 a0 190 0E 035 a 0 0 0 25
2 210 o 0E 095 a I} 0 0 25
3 330 430 0E 0.95 a 0 0 1] 25

%A DyRoBeS_BePerf - C:\222\3-Lobe_Type_8.LDI =13
Project  Fixed-Lobe Tiking-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow

Wiew Help

Di=| 282

3 Lobe Bearing, Modelled with Type & - Pressure dam

Bearing Data Y
L=12%in
D==1.375in
Ch=0.00175 in
ZChiD=0.00255
Cp=0004375 in
Freload =06 o
Offzet =0.95 - W
Thetat= 00 N X
Thetaz= 190

Lead Angle = 260
Wiscosity = 1 5E-06

s

%/
—

[

Faor Help, press F1

Also, if PocketAxL = Bearing Axial Length, then, the pocket has open ends and it becomes a step bearing as shown below:
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Advanced Settings

Circumferential Boundary Conditions

*" Repnolds (Swift-Stieber]  The Feynolds B it the most realistic v _
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect

. . LCancel
" Sommesteld [2 pi] uzed for educational purposes [ Oil Flooded

Englizh Unitz: Angle - degree, Length - inches Murnber of &xial Elements: |8

X

|ohe| Thetal | Theta 2 | Freload | Offzet | FPocketiic |F'DcketDe|3th FPocketdsl Relieffsl | Elements

1 10 170 0 ] 125 0.0 E il 25
2 130 350 0 0 0 a 0 0 25

Step Bearing: PocketAxL = Bearing Axial Length

%A DyRoBeS_BePerf - C:\222\Step_Brg_Type_8.LDI (=13
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Yiew Help

Di=| 282

Pressure Dam Bearing without relieftrack

Bearing Data
L=Ein

Dz==Hin
Ch=0.005in
2ChiD = 0.00167
Cp=0.005in
Preload=10
Offset=10
Thetal=10 > X
Thetaz= 170
Pocket Arc =125
Depth=0.01
Width =6

Load Angle = 270
Viscosity = 2E-06
Density=0.03

22

g
-

For Help, press F1

See also Coordinate Systens, Fixed Lobe Bearing Geometry, and Exanples.
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Taper Land Bearing

Table of Contents

Taper Land Bearings

To use the Taper Land Bearing, the Advanced Features nmust be checked in the input. The taper land journal bearing is commonly used in locomotive
turbocharger application. The leading convergent area of the lobe is cut by a taper arc to increase the convergent area. Normally, there are damns at both sides
of the taper. There are some redundant inputs in the data sheet, however, these are entered as reference. For undercut, arc length, arc radius, and arc center

offset, there are only two variables are needed. Click TOOLS to get other variables when only two variables are known.

%1 DyRoBeS_BePerf - €:12221000.1DI

Project  Fixed-Lobe  Tilting-Pad

D= 2K

Floating-Ring Gas-Brg Thrust  Lubricant  Flow  Wew Help

B(=1[ES

Bearing Data
L=0.782in
D==1127T6in
Ch=0005in
2CkD = 000266
Cp=00015in
Prefoad =0

Offset =0
Thetat=100
Thetaz= 200

Taper Arc =9015
Taper Fia = 0.565306
UnderCut = 0.00151
Taper AxL = 0.E58
Load Angle = 270
“iscosity =1 62E-06
Density = 0.03

For Help, press F1

Taper Land Bearing

arc center iz specified by

1. Arc center offset (r)

2. Arc center angle from X
Commonly, Arc Center Angle is
the same az the pad leading
edge angle, or iz located at the
mid of the oil groove.

Taper At

Fixed Pad Bearing - Dimensional Analysis

Comment: |Taper Land Bearing

Coordinates: |Standard Coordinates [+-7) j

Laad Angle; | 270 degree

Bearing Type: |S - Taper Land

Aial Length L: |0.782
Joumal Dia. D: 11278
Erg R adial CIr Ch: |0.0015

Humber of Pads: |3

Trailing Edge: {200

Analpsiz Optior: |[Constant Viscosity Bearing Load =W + W1 2 BPM + W2 x RPM ™2 {58

Urits: |E nglish - Wi |E.2E Wi |D W |D

Bearing Data for Pad # 1

Leading Edge: (100 Preload: |0 Click here for mare ’T

Adwanced Features

ﬂ K and C Coordinate Angle: |0 degree

finch] Rotor Speed (RPM)
[inch) Start: |?EDDD End: |?EDDD Inc.: |1unu
[inch) . o .

Lubricant Dynarnic Yiscosity: |1.62e-008 (Reyrs)

Density; |0.03 [Lbrmdin™3]

Offzet; |0

Save ‘ Save As ‘ Bun | LCancel
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Advanced Settings

Circumferential Boundary Conditions

X

f* Reynalds [Swift-Stieber] The Reynolds BC is the mast realistic I tdvanced Features Ok
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect
. . LCancel
" Sommesteld [2 pi] uzed for educational purposes [ il Flooded
Englizh Unitz: Angle - degree, Length - inches Murnber of Axial Elements: |6 Lok
|ohe| Thetal | Theta 2 | Preload | Offzet | Land-Aic | Land-Hadius| Center-r | Theta | Arcdul | Elements
1 100 200 1] a 9015 0.565306 noos 100 0.ER3 2
2 220 320 1] a 015 0.565306 0.00m5 220 0.658 25
3 340 440 I i] 015 .565306 0.0015 340 0653 25

Taper Land Bearing Parameters

Fnown Parameters
~ &icLength ~ & Radius ~ fuc Length LCancel
Undercut Undercut Arc Radius
& Arc Length ~ Arc Radiug ~ Center Dffzet
Center Offzet Center Offzet Undercut
Known D ata Weeds to know 2 data

Arc Center Angle: (100 Undercut; ’W
FPad Leading Angle; (100 Arc Length: ’W
Pad Trailing Angle; 200 Arc Radius: ’W
Bearing Fadius [Rbl: [0.5653 Criter Offset: W

i

M Fixed Lobe Bearing Dimensional Data

Qpkions

Taper Land Bearing
L=0.782in, D=1.1276 in, Cb= 0.0015 in, 2Ch/D=0.00266, m= 0, tilt=10

z Clearance Distribution

Theta
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M Fixed Lobe Bearing Dimensional Data

Options  Profile

Taper Land Bearing
L=0782in, D=1.1276 in, Ch= 0.0015 in, 2Ck/D=0.00266, m= 0, tilt=10

Pressure Distribution

B Fixed Lobe Bearing Dimensional Data

QOptions  Profile

Taper Land Bearing
L=0.782 in, D=1.1276 in, Cb= 0.0015 in, 2Ch/D=000266, m= 0, tilt=0
Speed = 75000 rpm
Load =B6.26 Lbf

WHLD = 7 09925 pei

“is. = 1.62E-06 Reyns
Sh= 40295

E/Ch = 0.0055

Att. = 3211 deg

hrnin = 1.49 mils

Pmax = 776.178 ps=i

Hp =7.34765 hp
Stiffness (Lbfin)
S.B189EHIS 3.3535E+HIE
-3 405EHI5 5.696EHIA
Damping (Lbfs/in)
8.6595E+01  1.566E+00
-1.529E+10 8.768E+H
Critical Journal Mass
0.03536

See also Coordinate Systens, Fixed Lobe Bearing Geometry, and Exanples.
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Advanced Features

The advanced features allow you to include the turbulence effect, oil flooded, and types of boundary conditions in the circumferential direction. It also allows
for the clearance discontinuity in the individual pad. The Advanced Feature nust be checked (ON) for bearings with clearance discontinuity, such as Pressure
Dam Bearing, Multi-Pocket Bearing, Step Bearing, and Taper Land Bearing. Also, for 3D pressure file plot, the Advanced Feature nust be checked.
Without Advanced Features, the pads are identical and no discontinuity in the bearing clearance for each pad. Therefore, only one (1) degree-of-freedom at
each finite element node, that is, pressure is unknown at each finite element node without the Advanced Feature. However, with Advanced Features, the
clearance can have sudden changes, such as pressure dam bearings and taper land bearings, therefore, three (3) degrees-of-fieedom at each finite element
node are assumed, that is, pressure, and pressure gradients in both axial and circumferential directions at each finite element node are unknown and are to be
solved to accommodate the sudden changes in bearing clearance. With Advanced Features ON, the computational time will be greatly increased due to the
increase of the degrees-of-freedom

Although 3 types boundary conditions are provided, one should always use Reynolds boundary condition for design and practical purposes. Sommerfeld and
half Sommerfeld (Gumbel) boundary conditions are only provided for educational and research purposes.

Pressure Dam Bearing
Advanced Settings E|
Circurnferential Boundary Conditions
I Ok
i Feynolds (Swift-Stisber)  The Regnolds BC is the most realistic v =
" Gumbel [half Sommerfeld)  Gumbel and Sommerfeld BCs are only v Turbulence Effect
. . LCancel
" Sommerteld 2 pi) uzed for educational purposes [ il Flooded

Englizh Units: Angle - degree, Length - inches Murnber of Axial Elements: |8

| ohe| Thetal | Theta 2 | Preload | Offzet | FPaocketire |F'c-cketDeDth| Pocketdsl | Reliefésl | Elements
1 10 170 1] a 125 0.5 45 ] 25
2 130 350 I i] i] 0 0 1 25

Far pressure dam bearing with dam in the top pad and central relief track in the lower pad.
pocket arc

z ocket arc
‘( - Fiooket depth [ | E |
f—- "
L pocket

- - Relief Track

' 2 J
relief‘-‘_ 5 TG
track ™, =

When the PocketAxL = Bearing Axial Length, pressure dam becoes a step as shown below:
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Advanced Settings E

Circumferential Boundary Conditions

o ak
*" Repnolds (Swift-Stieber]  The Feynolds B it the most realistic v —
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect
. . LCancel
" Sommesteld [2 pi] uzed for educational purposes [ Oil Flooded

Englizh Unitz: Angle - degree, Length - inches Murnber of &xial Elements: |8

|ohe| Thetal | Theta 2 | Freload | Offzet | FPocketiic |F'DcketDe|3th FPocketdsl Relieffsl | Elements

1 10 170 0 ] 125 0.0 E il 25
2 130 350 0 0 0 a 0 0 25

X

Step

Theta

Taper Land Journal Bearing, click here for more descriptions on taper land bearings.

| DyRoBeS_BePerf - C:3222Y000.1D1
Project  Fixed-Lobe Tiking-Pad Floating-Ring Gas-Brg  Thrust  Lubticant Flow  Yiew Help

D= %[N

Taper Land Bearing
arc center iz specified by

Bearing Dat_a 1. Arc center offset (r)
L=0732in
. 2. Arc center angle from X
Dz=112761in .
. Commonly, Arc Center Angle is
Ch=00015in ’
the same as the pad leading
2ChD = 000266 :
! edye angle, or iz located at the
Cp = 00015 in mid of the oil groove
Preload =0 9 ’
Offzet =0
Thetat=100
Thetaz= 200

Taper Arc =9015
Taper Fia = 0. 5653068
UncderCut = 0.00151

Taper AxlL = 0655
—.

Load Angle = 270
“iscosity =1 62E-06 -
Density = 0.03 T T—

Taper Arc

Faor Help, press F1
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Fixed Pad Bearing - Dimensional Analysis

Comment: |Taper Land Bearing

Humber of Pads: |3

Bearing Data for Pad # 1

Leading Edge: (100 Preload: |0
Trailing Edge: {200 Offset: |0

Coordinates: |Standard Coordinates [+-7) ﬂ Load Angle: ’T deqree
Eearing Type: |S - Taper Land ﬂ K. and C Coordinate Angle: ’D— degree
Analysis Optior: [Constant Viscosity  ~ | Bearing Load = W0 + W1 » RPM + %2 & P2 L58
Units: [Engish ] wo: [5.26 wi: |0 w2 |0
Azial Length L: |0.732 [inch) Fiotor Speed [RPM)
Joumal Dia. D:[11276 o Statt: [75000  End: [75000 Inc.:. [1000
Erg R adial CIr Ch: |0.0015 [inch)
Lubricant Dynarnic Yiscosity: |1.62e-008 [Rewns)

Density; |0.03 [Lbrmdin™3]

Click. kere for mare On

Adwanced Features

Hew ‘ Save ‘ Save Ag ‘ Bun | Lancel |
Advanced Settings E
Circumferential Boundary Conditions
™ Reynalds [Swift-Stieber) The Repnolds BT i the mast realistic v Advanced Features LI
" Gumbel [half Sommerfeld]  Gumbel and 5ommerfeld BCs are anly v Turbulence Effect
. . Lancel
" Sommerfeld (2 pi] uzed for educational purposes [ 0l Flooded
Englizh Unitz: Angle - degree, Length - inches Murnber of Axial Elements: |B Leal

|ohe| Thetal | Theta 2 | Preload | Offset | Land-Auc | Land-Hadius| Center-r | Theta | Arcabal | Elements
1 100 200 I a 015 0.565306 00015 100 0.658 25
2 220 320 1] a 9015 .5E5308 noms 220 0.658 25
3 340 440 0 a 9015 0.565306 0.0015 340 0.658 25

Taper Land Bearing Parameters

Known Parameters

Arc Center Angle:

Fad Trailing Angle:

Bearing Fadius [Rb]: |0.5653 Center 0

~ &icLength ~ &ic Radius ~ fuc Length Cancel
Urdercut Urdercut Arc Radius
Arc Length Arc Radius Center Offzet
@ Center Offzet . Center Offzet L Undercut
Known D ata Weeds to know 2 data

0o Undercut; |0.001508
FPad Leading Angle: (100 A Length: (3015
200 Arc Radiug: |0.565308

X

fizet: |0.0015

For Taper Land Bearing, the undercut and taper length are normally specified in the design process, however, the arc center and arc radius are typically

specified in the manufacturing drawings. A Tools button is provided for this conversion.
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Advanced Settings

Circumferential Boundary Conditions

f* Reynalds [Swift-Stieber] The Reynolds BC is the mast realistic ¥ Advanced Features
" Gumbel [half Sommerfeld]  Gumbel and Sommerfeld BCs are anly [V Turbulence Effect
" Sommesteld [2 pi] uzed for educational purposes [ il Flooded

X

LCloze

English Units: Angle - degree, Length - inches Murnber of Awial Elements: |8 IDDIS
|ohe| Thetal | Theta 2 | Preload | Offzet | Land-Aic | Land-Hadius| Center-r | Theta | Arcdul | Elements
1 100 200 1] a 90 0.565306 0.0025 100 0.ER3 2
2 220 320 1] a 90 0.565306 0.0025 220 0.658 25
3 340 440 I i] 30 .565306 0.0025 340 0653 25
Taper Land Bearing Parameters rg|

Known Parameters

& &cLength ~ &ic Radius ~ fuc Length Close
Urdercut Urdercut Arc Radius
Az Length ~ A Radius ~ Center Dffzet
Cetter Offzet Cetter Offzet Undercut
Enown D ata Meeds to know 2 data

Arc Center Angle: Undercut, |0.002508

FPad Leading Angle: ]1007 Az Length: ’907
ET #uc Radus: [1565306
Bearing Fadiuz [Rb]: ’W Center Offzet; ’W

Fad Trailing Angle:

See also Coordinate Systens, Fixed Lobe Bearing Geometry, Fixed Lobe Non-Dimensional Analysis, Nomenclature, Examples, Units, Lubricant,

Coeflicients Coordinate Angle .
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4 pads tilting pad bearing Table of Contents
Typical 4 pads tilting pad bearing
See also Tilting Pad Bearing Geometry, Nomenclature.
"1 DyRoBeS_BePerf - C:\DyRoBeS\Example\BrgTpj4_RigidPivot. TDI
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Yiew Help
D= 2[w|
Load Between Pivots
Y
Bearing Data
L=323in
D=492in
Ch=00033in
2CkiD = 0.001 34 \ .
Preload = 0.08 Q
Offzet = 0.5 X
Arc Length = 80
Pivat &ngle = 45
Load Betvween Pivats
Load Angle = 270 V
Meglect Pivat Effect W
For Help, press F1
% | DyRoBeS_BePerf - C:\DyRoBeS\ExamplelBrgpj4_RigidPivot. TDI
Project  Fized-Lobe Tikting-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Wiew Help
D= 78
Load On Pivot
Y
Bearing Data f\
L=325in
0=492in
Ch=00033in
2CkiD = 00011 34 \ .
Preload = 0.08 Q
Offset = 05 X
Arc Length = 80
Pivat Angle =0
Load On Pivat
Load Angle = 270 V
Meglect Pivot Effect W
: /
For Help, press F1
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5 pads tilting pad bearing Table of Contents
Typical 5 pads tilting pad bearing
See also Tilting Pad Bearing Geometry, Nomenclature.
%A DyRoBeS_BePerf - C:\DyRoBeS\Example\Ch_6_Example_3_TPJ_LBP.TDI =13
Project  Fixed-Lobe Titing-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Yiew Help
D= 78
Example from Shapiro & Calsher (1977) and Jones & Martin (1973) - Load Betvween Pad
)
Bearing Data tu-“"_—
L=5in
D=5in
Ch=0.005in
2ChiD = 0,002 \
Preload = 0.5 2
Offzet = 0.5 . Y
Arc Length = 60 F ]
Pivat Angle =0 U U
Load Betvween Pivats
Meglect Pivat Effect V
k ;
For Help, press F1
%A DyRoBeS_BePerf - C:\DyRoBeS\Example\Ch_6_Example_3_TPJ_LOP.TDI =13
Project  Fized-Lobe Tikting-Pad Floating-Ring Gas-Brg  Thrust  Lubricant  Flow  Wiew Help
D= 78
Example from Shapiro & Colsher (18777 and Jones & Martin (1975 - Load on Pad
ﬁ é_—l—l-
Bearing Data
L=5in
O=5in
Ch=0.005in
2ChiD = 0.002 \
Preload =0 Q
Offset =05 ” Y
Arc Length = 60
Pivat &ngle = 36
Load On Pivat
Neglect Pivot Effect V
W
JEX
For Help, press F1
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