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| nstallation
DyRoBeSO runs on Windows 95, 98, 2000, XP and NT systems.
To install the program:

1. Insert CD into CD driver. Theinstallation should start automatically. If not, run
SETUP.EXE from CD, InstallShield will guide you through the installation process.

2. Plug the HASP key into your LPT1 or USB port.
Run HDD32.EXE from DyRoBeS directory to install the device driver.
For NT users, you need to have the administrative privilege to install the device
driver. If you have problems, ask your IT department.

3. Thisfollowing step isfor Network users only.
The HASP key must be on the network server or terminal with NT system.
Run License Manager (nhsrvw32.exe) to facilitate communication between DyRoBeS
program and security device.

If you have any questions regarding the installation of security device and license
manager, feel free to contact Aladdin Knowledge Systems at (800) 223-4277 for
technical support. You can aso download the latest verson of device driver
HDD32.EXE from www.hasp.com.

A number of examples installed under DyRoBeS\Example directory are included in the
software package to demonstrate the program’s features and capabilities. Users are
encouraged to go through the examples and verify the results.

The complete User's Manuals are stored in the Help Books, DyRoBeS Rotor Help and
DyRoBeS BePerf Help. You can aso press <F1> at any time while you are in the
DyRoBEeS program to get help.



Getting Started

DyRoBeS is a Windows-Based program. Its operation is entirely consistent with the
industrial standard operation in the Windows environment. There are many ways to
invoke a Windows-Based program. Four commonly used methods to start DyRoBeS-
Rotor are described below:

1. Click DyRoBeS-Rotor from the Start Menu - Program - DyRoBeSfolder, as shown in
Figure 1.1.

2. Double click the Rotor.exe file from Windows Explorer, as shown in Figure 1.2,

3. Double click the DyRoBeS-Rotor icon if you have created the short-cuts, as shown in
Figure 1.3.

4. Double click the datafile (*.ROT) created by DyRoBeS-Rotor. Thiswill open thefile
with DyRoBeS-Rotor, as shown in Figure 1.4. Thismethod is useful if you want to
open an existing datafile.

When you start DyRoBeS-Rotor by using methods 1, 2, and 3, the mainframe window, as
shown in Figure 1.5, appears on the screen. The default file name “Untitled” is shown in
the filename header and the document window is empty. Now, you are ready to open an
existing file or create anew file.

When you start DyRoBeS-Rotor by double clicking the data file (method 4), the
document window shows the rotor model and the filename is shown in the filename
header, as shown in Figure 1.6. Now, you can make changes, perform analysis, or review
the results.

Y ou can resize the mainframe window as you wish. To resize the window, simply drag
the window boundaries or click on the resize button.
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Proj ect

A Project isalso called a“File’ or a*“Document” which contains the rotor bearing system
data and run time parameters. All the options under the Project, as shown in the
following figure, are self-explanatory. You can start with a New file, Open an existing
file, Close the current file, Save the file As a separate filename. Four most recently
opened files are listed in the recent-file-list for quick selection. The filename and
pathname follow the standard convention for the Windows environment (white space is
alowed). The datafile hasthe extension. “.rot”.

Once an exigting file is opened/selected or a new file is created, the associated rotor
bearing system model will be graphically displayed in the document window. You can
Print the document window to the printer or to abmp file.

Graphic Settings allows you to set the default settings for many graphic features. You
can save these settings into a preference file, such as one for screen and one for printer.
To change color for a specific setting, simply click the RGB color value to open the
Color Dialog Box for selection, asillustrated in the following figure.

The File Converter option allows you to convert the old DOS DyRoBeS files into the
new Windows version format. The data file for the DOS version does not have file
extension, but the new Windows version data files have the file extension “.rot”. Thisfile
extension will be added automatically for you. If you have other data format, contact
DyRoBeS developer to add a converter for you.
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Description of File Name Extension

After the analysisis performed, additional fileswill be created for the post processing.
The description of the file extension is listed below for reference.

Analysis Name ASCII TEXT Binary
Input File ROT

Lateral Analysis

Model Summary Ou0 None
Static Deflection & Bearing Loads | OU1 ST
Critical Speed Analysis ou2 CS, CSE
Critical Speed Map ou3 CSM
Whirl Speed/Stability Analysis ou4 WS, WSM
Steady Synchronous Response Ous5 UR, URF
Linear Systems

Steady Synchronous Response ou6 UR, URF
Non-Linear Systems

Time Transient Analysis ou7 TR, TRF
Torsional Analysis

Model Summary oT0 None
Natural Frequency Analysis oT1 OTA
Steady Forced Response OoT2 OoTB
Short Circuit Transient OT3 oTC
Startup Transient oT4 OTD
Axial Analysis

Model Summary OAO

Natural Frequency Analysis OA1l OAA
Steady Forced Response OA2 OAB




M oddl

Under the Model menu, you can build a new rotor bearing system model or modify/edit
your existing model by clicking the Data Editor. The usage of the Data Editor will be
explained in Modeling/Data Editor session. Y ou can also create and modify your
Material Library. Zoom in/out allows you to visualize the model in detail. The Model
Summary summarizes the system parameters and tabulates the related input datain a
very organized ASCII format (text) that allows you to verify your model.

| Model
Doata Editar

taterial Library
£ oo indout »
kodel Summan  #

Material Library

Use this option to add and modify your materials. Usethe List to select a material, then
enter the material data. Click Update to save the material datainto the materia library.

Matenal Library |

Lizt: ISteeI j

M aterial: IStEE|

[ itz IEninsh j
Diensity: |n.283 Lbin™3
Elastic Madulus [E]: |2.EIE+IZIIIIF" psi
Shear Modulus [G: |1.1154E+UD? pi

G=E/A2[1+nu]] where nu = Poizzon's ratio

Model Summary

The Model Summary summarizes the system parameters and tabul ates the related input

datain avery organized ASCII format (text) that allows you to verify your model. This
file may be used in areport and reformatted for formal reports. The model summary is

useful for details of the rotor weight, inertia, length, and center of gravity location. Itis
also important to review if the analysis does not run correctly.



Modeling/Data Editor

A number of folders, as shown below, with different tabs are provided in the Data Editor
and you can enter your data accordingly. The description for each folder will be
explained in the following sessions.

Rotor Bearing System Data E3

Ilzer's Elements | Axial Forces I Static: Loads I Caonstraints I Misalignmentsl Shaft anl Time Farcing I Tarzional Axial I

Units/D ezcription | b aterial I Shaft Elements I Disks I Unbalance I Bearings I SLpparts I Foundation
System Units: |(2] - Engineering English (s, in, Lbf, Lbm] =]
D ezcription Contest -

1 |DyRoBeS Example - Lateral YWibration |
2 | Thiz example is used as a tutonial for DEMO version
3 | Typical Overhung Rator Configuration
17
18 -
[nzert Flow Delete Row

Save | Save bz | LCloze | Help |

Since the same data file can be used in the lateral, torsional, and/or axia vibrations, data
in the irrelevant folder will not be used in a particular analysis. The usage of the data
folder islisted below for reference.

Since saving datais just a click on the Save or/and Save As buttons, it is a good practice
to save your data from time to time to prevent any data loss.

Typical Rotor Configurations

Followings are some typical rotor configurations:
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Data Utilization for Lateral, Torsional, and Axial Analysis

Folder Lateral | Torsiona | Axia
Units/Description Yes Yes Yes
Material Yes Yes Yes
Shaft Elements Yes Yes Yes
Disks Yes Yes Yes
Unbalance Yes No No
Bearings Yes No No
Supports Yes No No
Foundation Yes No No
User’s Elements Yes No No
Axia Forces Yes No No
Static Loads Yes No No
Constraints Yes No No
Misalignments Yes No No
Shaft Bow Yes No No
Time Forcing Functions Yes No No
Torsional/Axia Data

Connectivity No Yes Yes
Moda Damping No Yes Yes
Steady State Excitation No Yes Yes
Short Circuit Torque No Yes No
Driving Torque No Yes No
Load Torque No Yes No

It should be noted that the same model will be used in lateral, torsional, and axial
analyses, even though some of the inputs are not required for certain analyses and these
entries will beignored.
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Description

The descriptions are used to describe the system to be modeled or the analysis to be
performed. The purpose of using the description headers is to provide explanation for
you or another person who might need to see or modify this data file. It is highly
recommended, as a good engineering practice, to have adequate descriptions to document
the model. These descriptions can also be displayed on the graphical output. Number of
description lines shown in the model display is specified in the Graphics Settings under
Model menu. The unit system is also selected in this tab.

Hotor Beaning System D ata E3

lzer's Elements | Auial Forces I Static Loads I Constraints I Mizalignments I Shaft Bow | Time Forcing I Tarzional /Axial I
Urits/Dezcription | b aterial I Shaft Elements I Dizks I Unbalance I Bearings I Supportz | Foundation

Syztemn Units: |[1] - Congistent English [z, in, Lbf, Lbf-s"2¢in) j

Description Context -
DyRoBeS Example - Lateral Yibration Taken from MASA Bepart
Dual Shaft System, Unit; English System
Speed Ratio = 1.5, i.e., Second shaft speed = 1.5 « First shaft speed
Critical Speed &nalyziz
Whirl Speed and Stability Analysis
Unbalance Analysis with non-linear bearings

Len B B N ey 8 S Y S

Lin}

10
11
12
13
14
15
16
17
18 ~

Ingzert Fow Delete Row

Save Save bs Cloze Help
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Unit Systems

The datainput is not restricted to a specific system of units. In addition to the consistent
units of user’s choice, four sets of system of units have been introduced in this version:

Unit = 0 => Consistent Units of User’s Choice

Unit = 1 => Consistent English Units (sec, in, Lbf, Lbf-s%/in)
Unit = 2 => Engineering English Units (sec, in, Lbf, Lbm)
Unit = 3 => Consistent SI Units (sec, m, N, kQ)

Unit = 4 => Engineering Metric Units (sec, mm, N, kg)

For Unit=0, consistent units, it is essential that all of the input parameters be expressesin
aconsistent set of units of the user’s choice. For Unit=1 and 3, these are two sets of
consistent units, however, their units will be displayed on the input screen and in the
output text files. For Unit=2 and 4, these are two sets of units that are commonly used in
the engineering field. Since they are not consistent units, their input units are explicitly
specified on the input screen. Users must pay attention to their units.

Consistent Engineering | Consistent Engineering
Units Systems English English Sl Metric
Unit=1 Unit=2 Unit=3 Unit=4
Basic Quantities
Time Second (9) Second () Second () Second (9)
Length in in m mm
Force L bf L bf Newton (N) | Newton (N)
Mass Lbf-s7in Lbm kg=N-s/m |kg
Inputs
Material Properties
Density Lbf-s7in” Lbm/in® kg/m’ kg/m’
Modulus Lbf/in“ (psi) | Lbf/in® (psi) | N/m® (Pa) N/mm? (MPa)
Shaft Elements
Length, Diameter in in m mm
Disks
Mass Lbf-s7in Lbm kg kg
Inertia Lbf-s™-in Lbm-in® kg-m* kg-m*
Skew Angle degree degree degree degree
Unbalance
Imbal ance (me) Lbf-s° 0z-in kg-m kg-mm
Angle degree degree degree degree
Flexible Supports
Mass Lbf-s7in Lbm kg kg
Damping Lbf-g/in Lbf-g/in N-s/m N-s/mm
Stiffness Lbf/in Lbf/in N/m N/mm
ForcesMoments
Forces L bf L bf N N

12




Moments/Torque Lbf-in Lbf-in N-m N-mm

Misalignment/Bow

Deflection: x, y in in m mm

Theta: X, y degree degree degree degree

Time Forcing

Force or L bf Lbf N N

Moment Lbf-in Lbf-in N-m N-mm

Time Constant s s s 1s

Excitation Freq. rpm rpm rpm rpm

@ - Phase degree degree degree degree

Bearings

Stiffness — Kt Lbf/in Lbf/in N/m N/mm

Damping — Ct Lbf-s/in Lbf-s/in N-g/m N-mm

Stiffness— Kr Lbf-in/rad Lbf-in/rad N-m/rad N-mm/rad

Damping — Cr Lbf-in-s/rad Lbf-in-s/rad | N-m-S/rad N-mm-s/rad

Length in in m mm

Lubricant Viscosity | Reyn Reyn Pal-second CentiPoise
(Lbf-s/in?) (Lbf-¢/in®) | (N-gm?) =1.0E03* Pa-s

L ubricant Density Lbf-s7/in’ Lbm/in® kg/m® kg/m®

Pressure Drop ps ps Pa Bar

Across sedl =1.0E-05* Pa

Linear PID + Low

Pass Filter Active

Magnetic Bearings

Proportional Gain Lbf/in Lbf/in N/m N/mm

Integral Gain Lbf/(in-s) Lbf/(in-s) N/(m-s) N/(mm-s)

Derivative Gain Lbf-g/in Lbf-g/in N-s/m N-s/mm

Cut-Off Freq. Hz Hz Hz Hz

NonLinear Active

Magnetic Bearings

Proportional Gain Alin Alin A/m A/mm

Integral Gain Al(in-s) Al(in-s) Al/(m-s) A/(mm-s)

Derivative Gain A-gin A-gin A-gm A-gmm

Force Constant Lbf-in/A° Lbf-in7A° | N-m‘/A” N-mm“/A°

Air Nominal Gap in in m mm

Current A A A A

Torsional

Stiffness— K Lbf-in/rad Lbf-in/rad N-m/rad N-mm/rad

Damping—C Lbf-in-s/rad Lbf-in-g/rad | N-m-g/rad N-mm-s/rad

Axial

Stiffness— K Lbf/in Lbf/in N/m N/mm

Damping—C Lbf-s/in Lbf-s/in N-gm N-gmm
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Gravity - go 386.088in/s” | 386.088in/s” | 9.8066 m/ s~ | 9806.6 mm/s°
Outputs

Displacements in in m mm
Velocity in/s in/s m/s mm/s
Acceleration in/s® in/s® m/s® mm/s”
Rotations rad rad rad rad

Force L bf L bf N N
Moments/Torque Lbf-in Lbf-in N-m N-mm

The conversions between English and Metric units are list below for quick reference.

Unit English Metric (SI) Conversions (* = multiply)
Time second () second (S)
Length in Meter (m) m = 0.025400 *in
Force L bf Newton (N) N = 4448222 * Lbf
Mass Lbf-s7in kg = N-s/m kg= 0.4535924 * Lbm

= 1751266 * Lbf-s%in
Density Lbf-s7in* kg/m’ kg/m® = 2.767990E+04 * Lbm/in’

= 1.068688E+07 * Lbf-s%/in’

Inertia Lbf-s™in kg-m? kg-m” = 0.1129846 * Lbf-s*-in
Moduli Lbf/in” (psi) | N/m? (Pa) Pa = 6.894757E+03 * psi
Gravity - g | 386.088in/s” | 9.8066 m/s®
Lateral Kt | Lbf/in N/m N/m =175.1266 * Lbf/in
Lateral Ct | Lbf-g/in N-s/m N-¢m =175.1266 * Lbf-g/in
Torsiond Lbf-in/rad N-m/rad N-m/rad = 0.1129846 * Lbf-in/rad
K
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Material Properties

The various shaft element materials used in the model are entered in this data entry form.
Different colors are used to represent different materials in the system configuration plot.
The colors are defined in the Graphic Settings under the Project menu. The material
property number is used in the Shaft Elements data entry. Failure to specify a materia
will result in an error message. The material properties of steel are listed for reference:

Mass Density (p) = 7.329E-04 Lbf-s%/in* = 7832 kg/m® = 0.283 Lbm/in®
Elastic Modulus (E) = 29.0E+06 Lbf/in® = 20.0E+10 N/m? (Pascal)
Shear Modulus (G) = E/ 2.6

You can type in the material properties for each material number or you can utilize the
materia library to fill in the material properties. If you want to use the library, specify
the material number first, pick the material, then click Select to select the materia. Inthe
right bottom of the tab, the proper units for the specified unit system are displayed for
reference.

Uszer's Elements | Aunial Forces | Static Loads | Conztraints | Mizalignments | Shaft Bow | Time Forcing | Torzional/&xial |
nits/Drescription Material | Shaft Elements | Digks | Unbalance | Bearings | Supports | Foundation
b atenal Mo.: |2 vI b aterial: ITitanium j Select |
Mazz Density | E laztic Moduluz | Shear Modulus | Comrments | -
1 0283 2.9E+007 1.1154E +007 Steel |
2 0161 1.55E+007 F.5E +006 TitaniLm
3
4
5
B
7
g
g
10
11
12
13
14
15
16
17
18 i
e — Delete Faw Unit:[2] - Dengity: Lbmdin™3, Modulus: LbfAR™2 [psi]
Save Save s Cloze Help
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Shaft Elements

The shafts of the system are numbered consecutively from 1 to Ns and the finite element
stations of the model are numbered consecutively starting with 1 at the left end of shaft 1
and continuing to the last station at the right end of shaft Ns. The shafts are made up of
Elements with the numbering for each shaft starts at the left end. Stations are located at
the ends of the Elements. The term Station is commonly used in the rotordynamics
instead of the term Node which is generally used in finite element literature because of
the alternate meaning that Node has in the vibration mode shapes. Three types of
elements are included in DyRoBeS and they are: Cylindrical Element, Conical (Tapered)
Element, and User’s Supplied Element.

Element i is located immediately to the right of station i. Each element may possess
several subelements (starting with 1 at the left of the element) thereby alowing for
reasonable flexibility in modeling systems with severa geometric discontinuities. Each
subelement may possess several levels or layers. The use of subelement is strongly
encouraged in the modeling. This will save tremendous computational time with little
loss of accuracy in the result. However, when using subelements, it should be kept in
mind that Disks and Bearings can only be placed at the ends of the elements (stations).
Note that an element does not exist for the last station of each shaft. For multi-shaft
systems, the station numbers are consecutive and the element numbers are not
continuous.

The Shaft Elements page is shown below. The control buttons <Add Shaft>, <Del
Shaft>, <Previous>, and <Next> alow you to add a new shaft data, delete an existing
shaft, and switch the shaft data for multi-shaft systems. The <Import> and <Export>
buttons allow you to import and export the shaft data to MS Excel file. You can
manipulate the shaft data in MS Excel and then Import into DyRoBeS. The <Insert
Row> and <Delete Row> alow you to insert a new row or delete arow. <ReNumber>
allows you to re-number the element and subelement numbers. A new element number is
always started with a subelement number 1. <Copy & Paste> alows you to copy and
paste row data. Standard Windows commands <Ctrl+C> and <Ctrl+V> can be used to
copy and paste a single data field. In the right bottom of the tab, the proper units for the
specified unit system are displayed for reference.

The following data fields are explained:

1. Starting Station # The starting station (also element) number of the current shaft.
Starting Station = 1 for shaft 1. This number is updated automatically and is used to
remind the users of the starting element number of that particular shaft.

2. Speed Ratio: This field is used to calculate the speeds of the multi-shaft systems.

Speed Ratio = 1 for shaft 1. Or you can simply input the shaft rotational speed, the
program will calculate the ratios for you. Use zero (0) for non-rotating structure.
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Rotor Bearing System D ata E3

Ilzer's Elements | Axial Forces | Static Loads | Canstraints I Misalignmentsl Shaft Baw | Time Forcing I T arzional Adusial I
Unitz/D ezcription | Material ~ Shaft Elements | Disks | Unbalance | Bearings | Supports | Foundation
Shaft: 1of 1 Starting Station ﬂ: AddShaft | DelShaft | Previous | New |
Speed Hatiu:|1— Axial Diztance: ID— Y Distance: IU— Impaort | Export |
Commert: IFh:nh:nr Azzembly, unit English system|
Ele |Sub|Mat]Lev] Length | MassiD | MassoD | ShffID | SHffOD | Comments
1 1 1 3.0 025 1] 175 ] 1] Bolt Head
2 1 23 0 1 1] 0375 0 1] Bolt
3 1 2 1 1 1 0.375 1.125 0 1] Shaft
4 1 2 4 2 1 1.125 4 0 1] Thruzt Collar
5 1 330 1 1] 0375 0 1] Balt
E 1 311 1 0375 2 ] 1] Shaft
7 1 4 1 0 (IRS] 1] 2 0 1] Shaft
2 2 1 1 0 25 1] 2 0 1] Shaft
9 2 2 1 0 1.7 1] 3 0 2 Gear
10 3 1 1 0 1.7 1] 3 0 2 Gear
11 3 201 I} 275 1] 2 I} 2 Shaft
12 4 1 1 0 2 1] 2 0 1] Shaft - brg
13 5 1 3.0 1.8 1] (IR3] 0 0s Balt
14 ] 1 21 1.8 0Aa 1.25 0 1] Irnpeller
15 5 1 1 2 1.8 1.25 2 (IR3] 1] Shaft
16 5 230 1 1] 045 1] 05 Balt -
Insert Fow | Delete Row | ReMumber | Copy & F'aslel Unit:(2] - Length, Diameter. in
Save | Save bz | Cloze | Help |

3. Axial Distance: The distance measured from the station 1 of shaft 1 to the starting
station of the current shaft. It is used for geometric configuration plot only and it
does not affect the numerical results. Distance = O for shaft 1.

4. Y Distance: Again, this value is used for geometric plot only. Zeros indicate that
the shafts are concentric, non-zeros are used in the Torsional and Axial multi-branch
systems to represent vertical offset caused by gears, etc.

5. Comment: Comments on the shaft.

6. Ele: Element number. The Element number in the first row must be equal to the
Starting Station #.

7. Sub: Subelement number. Each element can contain a max of 20 subelements.
Positive value represents a cylindrical element and negative value indicates that this
subelement is aconical (tapered) element.

8. Lev: Levd for the subelement. Each subelement can have a max of 5 levels
(layers). Level zero (0) isthe core data.

17



10.

11.

12.

13.

14.

15.

Mat: Materia number. Mat = 0 for User Supplied Subelement.

Length: Subelement length. For the same subelement number with different levels,
the subelement length should be the same.

MassID: Massinner diameter (For conical element: left end inner diameter).
Mass OD: Mass outer diameter (For conical element: left end outer diameter).
Stiff 1D: Stiffnessinner diameter (For conical element: right end inner diameter).
Stiff OD: Stiffness outer diameter (For conical element: right end outer diameter).

Comments. Subelement description.

For a standard cylindrical element, the Mass ID and OD are used for kinetic energy
(mass, gyroscopic matrices) calculation and the Stiffness ID and OD are used for
potential energy (stiffness matrix) calculation. If Stiffness OD = 0, then the Stiffness ID
and OD will be reassigned to be equal to the Mass ID and OD. This option can save data
entry time if you decide to use the same model for the kinetic energy and potential energy
calculation. In the configuration plot, the upper half represents the Mass model and the
lower half represents the Stiffness model.

However, for a conical element, the Mass ID and OD are the LEFT end inner and outer
diameters and the Stiffness ID and OD are the RIGHT end inner and outer diameters.
The mass model and stiffness model are using the same geometry.

Example 1. Single shaft system

A single shaft model and the associated shaft data are shown below:

Bolt

Impeller
Collar
Gear

Shaft

Bolt
O—

Ele: 1 Ele: 3 Ele: 5 Ele: 6
Sub: 2 Sub: 1 Sub: 1 Sub: 1

18



| Ele [Sub|Mat]Lev] Length Mazz 1D Mazz OD SHFF 1D Stiff O Comments | =
_1 11 1 3 10 0.25 0 1.75 1 0 Bolt Head [
e |1 2 3.0 1 0 0.375 1 0 Balt
L3 |1 2 1 1 1 0375 1125 0 0 Shaft
- 2 4 2 1 1125 4 0 0 Thruszt Callar
A |1 3 30 1 0 0.375 1 0 Balt
_E |1 i 11 1 0.375 2 0 0 Shaft
_7 |1 4 1 10 05 0 2 0 0 Shaft
g 2 1 1 10 25 0 2 0 0 Shaft
"9l z 2z 1 0 17 0 3 0 2 Gear
Jng) 3 1 o110 1.7 0 3 0 2 Gear
1y 2 1.0 275 0 2 0 2 Shaft
2l 4 1 1 10 2 0 2 1 0 Shaft - brg
J13|l 5 1.3 10 1.8 0 05 0 05 Bualt
_lal s o121 1.8 05 1.25 0 0 Irpeller
515 1.1 2 1.8 1.25 2 05 0 Shaft
_e |5 2 3 0 1 0 05 0 05 Balt
JlFl s 20201 1 05 7 05 4 Irpeller
gl 6 1 3 10 05 0 1.25 0 0 Bolt Head
Jal 6 1 21 05 1.25 4 1.25 3 Impeller
2|6 2 2. 10 0.25 1.25 3 1.25 25 Irpeller
21 =

The model shown above has six (6) elements (7 stations). The substations between the
major stations are not numbered. The different colors in the shaft elements represent the
different material properties. A thrust collar in the left hand side and an impeller in the
right hand side are attached to the shaft through bolts. Element 1, Subelement 2, and
Element 5, Subelement 1, have three levels. Element 1, Subelement 3, Element 5,
Subelement 2, and Element 6, Subelement 1, have two levels. As can be seen from the
figure, the bearings are located at the major stations 2 and 4. A bearing cannot be applied
at asubstation. It isalso observed that the rotor (gear portion) is not symmetric about the
shaft centerline. The profile above the shaft centerline represents the rotor mass
distribution, whereas the distribution below the centerline represents the rotor stiffness
distribution.

Example 2: Dual shafts system

A dual shafts model and the associated shaft data are shown below:

ﬁ Shaft 2 H
Shaft 1
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Rotor Bearing System D ata E3

lzer's Elements | Auial Forces | Static Loads | Constraints I Misalignmentsl Shaft Bow | Time Forcing I T argional dsial
Unitz/D ezcription I b aterial Shaft Elerents | Digks I Unbalance I Bearings I Suppaorts I Foundation

Shaft: 1of 2 Starting Station #: [ Add Shaft | Del Shaft | Previous | [1

Speed Hatiu:u:|1 Axial Distance: IEI Y Distance: IEI Impaort | Export |

Brarmmiet: |5han 1 - Low Speed Shaft

Ele |sublMat{Lev] Length | MassiD | Massob | sifip | swion | Comments [«
1 1 1 1 0 3 0 1.2 0 12 [
2|12 1 1 0 35 0 1.2 0 12
3|2 2 1 0 35 0 1.2 0 12
4 | 2 1 1 0 3 0 1.2 0 12
E |2 2 1 0 3 0 12 i 12
E| 4 1 1 0 2 0 1.2 0 12
7|15 1 1 0 2 0 1.2 0 12
o

IJzer's Elements I Axial Forces I Static Loads | Constraints | MiSaIignmentSI ShaftEu:uwI Time Forcing | T arzional xial
Units/Description | b aterial Shaft Elements | Digks= I Unbalance I Bearings I Supports I Foundation

Shaft, 2of 2 Starting Station #: [7] AddShaft | DelShaft | Frevious [}
Speed Hatin:lﬁ Axial Distance: IE ' Distance: I':' Impuort | Export |

Cmmiei IShaft 2 - High Speed Shaft

Ele |5ub|Mat{Lev] Length | MassiD | Massop | s | sioD | Comments [«
1 711 2 @ 2 15 2 0 0 [
2 |8 1 2 0 3 15 2 i 0
3| s 2 2 @ 3 15 2 0 0
4 |9 1 2 10 2 15 2 0 0
5

The shaft 1 starts from station 1 to station 6 and shaft 2 is from station 7 to station 10.
Note that an element does not exist for the last station of each shaft. The shaft 2 speed is
1.5 times the shaft 1 speed.
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Rigid/Flexible Disks

Impeller, fan, turbine blades, collar, coupling hub, etc, can all be modeled as disks. A
concentrated disk can be located at any finite element station. Disks cannot be placed at
a substation. Multiple disks are allowed at the same station. For arigid disk, there are
four-degrees-of-freedom (dof), 2 trandational and 2 rotational displacements. These dofs
are the same as the dofs of the finite element station which the disk is attached to.
However, for aflexible disk, two additional rotational dofs are introduced, that is, thereis
atotal of 6 dofs for each flexible disk. The diametral and polar moment of inertias for
the inner and outer disks are typically carefully adjusted to match the first disk diametral
resonant frequency. Since the outer disk has only 2 rotational dofs and no trandational
dofs, it only possess the moments of inertias. All the mass is lumped into the inner disk.
The flexible disk option can be important for large overhung rotors, such as large gas
turbines where the disk flexibility must be taken into consideration. Depending on the
attachment method, the disk can also be offset from the attached station. The symbols
used to represent the disk are shown below:

Rigid Disk Flexible Dis=k
# DOF 6 DOF
2 | & Ip2
DoF ||
s =
4 DOF F gpoF m, 141, Ip1
. !

%;’r‘rﬁ::: Rigid Flexible Offset’/Flexible  Offset/Rigid
)

Geometry 9

is not

specified L | || L | ||

Geometry is specified
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Rotor Bearing System D ata E3

Ilzer's Elements | Axial Forces | Static Loads I Canstraints | Misalignmentsl Shaft Baw | Time Forcing I T arzional Adusial
[Jnite/Dezcription | b atenial | Shaft Elements Dicks Unbalance | Bearingz | Supparts | Foundation
Tupe | Stn| Mass | Dia Inertia| Polar Inertia | Skew s Skewy| Lenath [ 10 | 0D [ Disk Density
1 Figid 4 1.26 516 7o i 1] 1 G 10.25 0283
2 Rigid i 16.24 57 95 748 1] 1] 1] 1] 1] 1]
3 | Flexible & 182 ] i i 1] i 1] i i
4 | Flexible 7 13.47 85 B8.55 i 1] i 1] i i
] Rigid 9 1] 1] 1] ] 1] ns 27 83 0283
E | Flesible 10 @ 37.06 120,44 193,23 05 1] i 1] i i
7
a
9 | Hotational K. I |t [outer] | Ip [outer] I Offzet | Comments
10 1] i ] a Rigid
11 1] i ] 057  Rigid - Offset
12 1.8E+00F G3.4 39,58 1] Flexible
13 1.5E +006 283 iz a Flexible
14 1] i ] a Rigid
15 7.9E+006 2105 393.2 .05 Flexible - Offzet
16
17
18
19
B s
1| Scroll Bar [»
Inzert Row | Delete Row Lrnit:[2] - M: Lbm, I: Lbro-in™2, Skew: deg, L: in, Denzsiby: Lbmdin™3, Kr: Lbf-indrad
_. .......... 5 aVE.\, Save gs ElDSE | HEID |

The input data are explained below:

1.

2.

Type: Rigid or Flexible
Stn: Station number where the disk islocated.
Mass: Disk mass.

Dia. Inertia: Diametral (transverse) moment of inertia. For flexible disk, it is the
inner disk diametral inertia.

Polar Inertia: Polar moment of inertia. For flexible disk, it is the inner disk polar
inertia.

Skew x: Disk skew angle about x axisin degree.
Skew y: Disk skew angle about y axisin degree.

Length, ID, OD: These values are used to graphically display the disk and may be
used for the additional mass propertiesif the Disk Density is not zero. If Length and
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10.

11.

12.

13.

14.

OD are zero, then the disk is represented by a circle and a straight line connected to
the station. If the Length and OD are not zero, the disk is plotted based on the given
length, ID and OD.

Density: Disk density. For a non-zero density, additional mass properties
calculated based on the disk geometry (length, 1D, and OD) will be added into the
specified mass properties (data fields, 3,4, and 5). Note: for flexible disks, these
additional mass properties will be added into the inner disk properties.

Rotational K: Rotationa stiffness used to connect the inner and outer disks. Used
only when the disk isflexible.

Id (outer): Diametral (transverse) moment of inertia of the outer disk. Used only
when the disk isflexible.

Ip (outer): Polar moment of inertia of the outer disk. Used only when the disk is
flexible.

Offset: Non-zero value for the offset disk. Positive value if the disk is offset to the
right and negative valueif the disk is offset to the | eft.

Comment: Disk description.

The disk skew angles due to assembly are entered in this folder. However, the total disk
skew angles are the combination of the skew caused by assembly and the skew caused by
Shaft Bow. For flexible disks, the skew angles are applied on both inner and outer disks.
A convenient tool for the calculation of mass properties of a homogeneous solid is
provided under Tools menu. You can use this tool to calculate the mass properties of a
cylindrical or tapered disk.

The scroll bar allows you to scroll the data. In the right bottom of the screen, the proper
units for the specified unit system are displayed for reference.
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Unbalance

The unbalances of a rotating assembly are usually determined by using the multi-plane
balancing machines. These unbalances are discrete and located at different planes with a
magnitude of (mass * eccentricity). The unbalance planes may be located at the ends of
each subelement in this program. These unbalance forces are assumed to be discrete and
independent. Multiple unbalances are allowed at the same location.

For an unbalanced disk at station "i" with an unbalance "me", this unbalance can be
placed at the left end of element "i" with a magnitude of "me". However, precautions
must be taken for the unbalanced disk located at the right end (last station) of each shaft.
Since there is no element number corresponding to the last station number on a shaft
(explained in the Shaft Elements), this unbalance can be placed at the right end of the last
subelement. In the right bottom of the screen, the proper units for the specified unit
system are displayed for reference.

1. Ele Element number.
2. Sub: Subelement number.
3. Left Unb: Left end unbalance amplitude (me).
4. Left Ang: Left end unbalance phase angle measured from X axis (degree).
5. Right Unb: Right end unbalance amplitude.
6. Right Ang: Right end unbalance phase angle.
7.  Comment: Description.
Unbsalance
Mata that
mhaants
at stalice 7
ri apelad o
a— nighl end of
Ela b Sk 2
Rotor Bearing Syztem Data | X
|Jzer's Elements | Auial Forces I Static Loads | Constraints | Mizalignments | Shaft Bow I Time Forcing I T arzionalsdsial I
Unitz/Dezcription I bd aterial I Shaft Elements | Digks Unbalarce | Bearingz I Supportz I Foundation
Ele | Sub |  Lettinh | Letang | RightUnb. | Righténg | Comments
1 a 2 0.1 0 1] 1] Impeller backface
2 = 2 0 0 01 180 Impeller noze
3
20 -
Ihzert Fow Dielete Fiow Unitz[2] - Amplitude: oz-in, Phaze: degree
Save | Save bz LCloze Help
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Bearings

All the bearing/damper/seal s/support forces acting on, or interacting between, the rotating
assemblies and non-rotating structures fall into this category. The "bearing" can be of
any type, such as linear/nonlinear, real/pseudo, fluid film, rolling elements, or active
magnetic bearings, and aerodynamic forces, seals, rubbing, etc. Nonlinear bearings can
only be used in the time transient analysis, with the exception of squeeze film dampers
and generalized non-linear isotropic bearing. Squeeze film dampers and non-linear
isotropic bearings can be analyzed in both the steady state synchronous response analysis
and time transient analysis. Different types of bearings or even same type bearing can be
at the same finite element station depending upon the modeling technique. Numerous
predefined bearing types are provided in the program. If you like to define your own
bearing type, please contact the program author for implementation.

Bearing is an interconnection component, which connects two finite element stations
(station | and station J). Several configurations are shown below:

=EE= EE=haE—r ==
-3 =3
415 €8 =15 5 Shaft 1
d=0 3. -
g skl Shaft 2
Shaft - Ground T Bewings
whafl - Supgod Intershat Bearing

Suppar - Gmound

Bearmy : o [

. Baaing e E 3
q
T wll Foundation uff
Baanng from support 1o support yi HF dof yi

Some common input data are explained:

Station | and Station J: A bearing connects two stations. Station | cannot be zero.
Station J = O if it is the rigid ground. J can aso be a connecting station number of an
intershaft bearing in a multi-shaft system or the flexible bearing support station number
for aflexible support system.
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Hotor Beaning System D ata B3

lzer's Elements I Auial Forces I Static Loads I Constraints I Mizalignments I Shaft Bow | Time Forcing I Tarzional /Axial I
IUrits/ D ezcription | b aterial I Shatt Elements I Dizk= I lUnbalance Bearings | Supports | Foundation

Bearing: 1of 3 &dd Brg I DelBrg | Previous | Mext |

Station 1: |15 I~ Foundation  &ngle: IEI

Comment; iz

2-Bearing Coefficients From Data File
3-Pzeudn Bearing [&ero, Seal, Interference. .
4-Squeeze Film Damper

5-Plain Journal Bearing [Pi film] =
Exx: |B-General Mondinear |zotiopic Bearing [Rolling Elements. .| Ty I':'
F-4MB - Linear PID & Filker L
. [8-AME - Monlinear Tranzient . ||:|
Ky 9-Flaating Ring Bearing/D amper Cowr
10-General HonLinear Beanng/D amper
11-Liquid Annular Seal

R L= L= == i =) = )

Kaa |n K.ab: |n Caa |u Cab: |n

Kba: |0 Kbk |0 Cha |0 Chi: |0

nit:[2) - Kt Lbtdin, Ck: Lbf-zdin; K Lbf-in, Cr: Lbf-in-z

Save | Save s | Cloze | Help |

Foundation: If the foundation box is checked, this bearing is connected to the
foundation. The foundation data is provided under Foundation tab. See Foundation for
more detail. If Foundation is checked, additional boxes appear in the screen. Then, J
becomes the X degree-of-freedom in the foundation and Y isthe Y degree-of-freedom in
the foundation. The bearing connects x, y coordinates in the station | to J (X) and Y in
the foundation, as shown below:

Station |; IE J: IE'I Y. |22 |Iv Foundation

Thse boxes appear only
when Foundation is checked
J iz the ® dof

Y oig the Y dof

in the foundation

Angle: Degree measured from the global fixed coordinate system to the local coordinate
system where the bearing coefficients are defined. The angle is measured in the
counterclockwise direction. The dynamic characteristics of the bearings are usualy
defined (specified) in the local coordinate system, therefore, a coordinate transformation
is performed by the program to convert the bearing stiffnesses and dampings in the local
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coordinate system to the stiffnesses and dampings in the global coordinate system. In
DyRoBeS, it is recommended that this transformation be performed in BePerf for
computational efficiency.

Comment: Description of this bearing.

Types. Currently, the following types of bearings are supported in the program and they
are explained in the following sessions.

Linear constant bearing

Speed dependent bearing

Bearing from externa datafile

Pseudo bearing

Squeeze film damper

Plain journal bearing

Generalized non-linear isotropic bearing
Active magnetic bearing

Floating ring bearing

General non-linear polynomial bearing
Liquid annular seal

Again, in the right bottom of the screen, the proper units for the specified unit system are
displayed for reference.
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Linear Bearing

This option is used to specify linear, speed independent bearing coefficients. The linear
bearing forces are of the form:

F, Ke Ky 0 07(x] [C, C, 0O 07 [x
Fol_ [Ke Ky O 0 |y[ |Gy Cy O O]y
Mx 0 0 Kaa Kaﬁ ex O 0 Caa Ca,B ex
M, 0 0 Ky Kgill8] |0 0 Cu Cul (b

or in matrix form:
Q=-Kg-Cq

For bearings connecting station | and J, the bearing model becomes:
Q

__{K _K} q; _{C _C} of

Rotor Bearing System Data |

Uszer's Elements | Auial Forces | Static Loads I Constraints | Mizalignments | Shaft Bow | Time Forcing I Torzional/ézial
[Unitz/D ezcnption I bd aterial I Shaft Elementz I Digkz I Unbalance Bearings | Supportz I Foundation

#&dd Brg I

[T Foundation  &ngle: ID
[

Bearing: 1aof 3 DelBrg | Previous | Mext |

Station |: |2_ J: IU_

Type: IEI-Linear Caonstant Bearing

Comment; IBearing fromm rotor station 2 to rigid ground [J=0)

Tranzlational Eearing Properties

[ I'“:'E'E'Ijlj Ko IEI Lo |1D':' Ly I':'

Ky [0 Kyy: 100000 tye [0 e [100
Fiatational Bearing Properties

Kaa: |u K.ab: |u Caa |u Cab: |u

Kba: |0 Kbk |0 Cha |0 Chk: |0

Unit:[2] - Kt: Lbffin, Ck Lef-z/in; K Lbf-in, Cr: Lbf-in-z

Save |

Save bz

Cloze Help
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Speed Dependent Bearing

This option allows you to specify speed dependent linearized bearing coefficients. These
coefficients are usually obtained from bearing performance programs or experiments.
Sixteen bearing dynamic coefficients must be provided for each shaft rotational speed.
The rotational speed of shaft 1 is used for the case of multi-shaft systems. If the number
of data (speed) points is greater than or equal to 3, a spline function is used in the
program to interpolate the coefficients for the shaft speeds requested in the analysis that
are not given in the data points. If the number of data (speed) pointsis equal to 2, alinear
function is used to obtain the coefficients for the shaft speeds that are not given in the
data points. If there is only one point in the data, then it will be treated as a linear
constant bearing. The use of spline function alows a small number of needed data
points. Since the spline function is used in the interpolation, the data must be entered in
the increasing order according to the speed value.

Rotor Bearing Syztem Data

Uzer's Elements | Ayial Forces | Static Loads | Constraints | Misalignmenlsl Shaft Bow | Time Forcing | Torzionalddxial |
[Jnite/Dezcription | b aterial | Shaft Elements | Drizkz | Unbalance Bearings Supparts | Foundation

Bearing: 2of 3 Add Brg I Del Brg | Previous | et |

Station |: |4 J: |25 I~ Foundation  Angle: IEI Impart | Expart |
Type: I'I-Speed Dependent Bearing j
Camment: ITiIting pad bearing connects rotor station 4 to support station 25
1o | Ko | K:-cl,ll KI.J:-:I Ko | L |EHI,I|EI,I:-:| Cyy |Kaa| Kal:ll KI:laI KI::I::I I:aal Eal:ll Cha ||:I:||: -

1 | 20000 427630 0 0O 3985B0 %2 0 0O 22 0O 0 0O 0 0 0O i n__

2 | 26000 BEEAOD - O 0O B1M440 270 0D 2/ 00 0O 0 00 ] 1]

3 | 30000 FR4490 0 00O B3IXEE0D 280 0 O 29 0 O 0O 0 0 0 i 1]

4 | 3m0O00 903820 0 0O VB3O 2¢O 0O 24 0O 0 0O 0O 0 0O i 1]

5 |40000 11E+005° 0O 0O 0 S906RS0 3020 0O 289 0O 0 0O 0O 0O 0 0 1]

F |45000 1.3E+006 0O 0O 11E+006 36 0 0O &% 0O 0 0O 0O 0O 0 1] 1]

7

g

g

10

11

17 Scroll Bar /,
4 | 1
Iriger Blge Delete Baw ik [2] - Kt LbEAin, Ck Lbf-sdin

Save Save bz Cloze | Help |
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Bearing from External Data File

This option allows the analysis program to import bearing coefficients from an external
datafile. The datafilename must include the full path. It isrecommended to use Browse
button to select the file. The external bearing data file must be in the following ASCII
format:

number of speed points, N
repeat N times with the following data

Speed (rpm) Kxx, Kxy, Kyx, Kyy, Cxx, Cxy, Cyx, Cyy

The rotational speed of shaft 1 isused for the case of multi-shaft systems. Again, aspline
function is used in the program to interpolate the bearing coefficients for the shaft speeds
requested in the analysis that are not given in the input data. The data must be entered in
the increasing order according to the speed value. Example:

9

5000 .1832E+06 .1552E+06 -.1603E+06 .1885E+06 672 3 3 689
10000 .3628E+06 .3035E+06 -.3301E+06 .3920E+06 665 3 3 703
15000 .5316E+06 .4536E+06 -.4974E+06 .5726E+06 660 6 6 706
20000 .6935E+06 .6038E+06 -.6649E+06 .7387E+06 657 8 8 707
25000 .8557E+06 .7483E+06 -.8416E+06 .9170E+06 654 8 8 712
30000 .1021E+07 .8852E+06 -.1030E+07 .1117E+07 652 4 4 721

35000 .1190E+07 .1013E+07 -.1233E+07 .1342E+07 650 -5 -5 732
40000 .1364E+07 .1132E+07 -.1450E+07 .1596E+07 647 -10 -10 745
45000 . 1544E+07 .1242E+07 -.1682E+07 .1879E+07 645 -15 -15 759

Rotor Bearning Syztem Data

Idzer's Elements | Axial Forces | Static Loads | Canstraints | Misalignmenlsl Shaft Baw | Time Forcing | T arzionalfdsial |

[Jnite/Dezcription | b atenial | Shaft Elements | Dizkz | Unbalance Bearings | Supparts | Foundation
Bearing: 2of 3 Add Brg | Del Brg | Previous | et |
Station |: |4 J: |25 I~ Foundation Angle: IEI

Type: |2-Bearing Coefficients From Data File j

Camment: IEearing Coefficients from an external data file

FileM arne: IE:\D}IH oBeS\AotorE Rample\Comprbad. brg

rit:[2] - Kk Lbfdin, Ck Lbf-sdin

Save Save bz Cloze Help
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Pseudo Bearing

This option alows you to input the bearing like forces in the form of stiffnesses and
dampings. The bearing coefficients are entered in the same format as linear bearing
option and are treated in the same way as the linear bearings. However, these
coefficients are ignored in the Critical Speed Map Analysis.

Rotor Bearing System Data x|

Ilzer's Elements I Auial Forces I Static Loads I Constraints I Mizalignments I Shaft Bow | Time Forcing I Tarzional/Axial
Units/Dezcription I I aterial I Shaft Elements I Disks | Unbalance Bearings | Supports I Foundation

Bearing: 1of 2 AddBrg | DelB | Nest |
Statior |: |5 J: ID [~ Fourdation  Angle: IEI
Type: |3-F'seuu:||:| Bearing [&ero, Seal, Interference..] j

Comment: I.-'-‘«erud_l,lnamic: Crozz-Coupling 0

Tranzlational Bearing Properties

o I':I Ky Im':”:' Cux: ID Cuy: I':I

Ky I-'IEIEIEI Ea: ID Cys: IIj Coy IEI

Ratational Bearing Properties

Kaa: |n K.ab: |n Caa: |n Cab: |n

Kba: |0 Kbb: |0 Cba |0 Cht: |0

nit:[2] - Kt Lbtfin, Ct: Lbf-z/in; Kr: Lbf-in, Cr: Lbf-in-z

Save Save bs Cloze Help
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Squeeze Film Damper

Squeeze film dampers can be modeled with or without centering springs. The centering
spring is assumed to be isotropic. For the nonlinear centering spring, a generalized non-
linear isotropic bearing can be used in parallel or in series with the squeeze film damper.
In the steady state synchronous response analysis, centered circular orbits are assumed.
The general motion of a plain fluid film journal bearing or a squeeze film damper is
governed by the Reynolds equation which is derived from the Navier-Stokes equation.
The fluid film forces acting on the journal are determined by application of boundary
conditions and integration of pressure distribution. The general incompressible laminar
Reynolds equation is given by:

1 08 (h®0P d(h®oP) _ -\dh oh
S —|—=t=|—= —6(a)b +w, —2¢)—+12—
R°08\ x060) 0Z\ u oz 06 ot

where
w; =journal rotational speed

w, = bearing rotational speed
@ =precession of thelineof centers(whirl speed)

For a squeeze film damper, the damper is free to precess, but not rotate. I.e., the journd
and bearing speeds are zero. Furthermore, the last term (0h/0dt) vanishes at steady state
condition. For the transient analysis, short bearing and 1t film assumptions are utilized.
For the steady state response, the following table summarizes the equivalent stiffness and
damping for the cases of circular synchronous motion about the origin and pure radial
motion with no precession for the conditions of cavitation (1t film) and no cavitation (21t
film).

Bearing | Film Motion Stiffness Damping
Short Circular 2URLsw URL T
Bearing | mtfilm | Synchronous | 7 L\ o\
Precession Cs(l_‘gz) 2C3(1“92)A
_ URL T
2rtfilm 0 C3(1—£2)%
Pure Radial 4R (262 +1)
ntfilm | Squeeze 0 5
Motion 2C’ (1_ 52)4
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| uRL (262 +1)
2mtfilm 0 Cifi-e? )
Eong _ Ci rcurl]ar 28uR° Lew 12uR® L
earing | rtfilm algé?ggus Cc2+efi-€2) | 2 (2+£2)a- 52)}/2
_ 24uR° LT
2rtfilm 0 Clo+e2fa-e2)"

Where R = damper radius
L = damper axia length
C =radia clearance
w = whirl speed
U = oil viscosity
€ = eccentricity ratio

Note that for the circular synchronous motion, the equivalent stiffness term is a highly
nonlinear function of eccentricity and may lead to a nonlinear jump phenomenon under
high rotor unbalance. Caution must be taken while designing the damper, since it can
significantly either improve or degrade the dynamic characteristics of the rotor system.

The data fields are self-explanatory. In the right bottom of the screen, the proper units for
the specified unit system are displayed for reference.

Shaort Bearnng - C
Short Bearing -
Short Bearing - Pure Radial Squeeze Maotion - pi film
Shart Bearing - Pure Radial Squeeze Mation - 2pi film
Long Bearing - Circular Synchronous Precession - pi film
Long Eearing - Circular Synchronous Precession - 2pi film
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Rotor Bearing System D ata

——

okt | _Delbg | _Preious | Mew |

[Foufp r P
4-Squeeze Film D amper

Squeeze Film Damper. D=2", L=1", C=0.004",%=1.9e-07 reynz, K.c=0, Cc=0

0.004 1.9e-007
Short Bearing - Circular Synchronous Precession - pi film




Plain Journal Bearing

A plain journa bearing model based on Tt film short bearing theory is provided. The
incompressible laminar Reynolds equation for the short bearing theory is:

—|——|=6w +12—
0Z\ u oz

9 (hdoP oh . oh
Y ot

The data fields are self-explanatory. In the right bottom of the screen, the proper units for
the specified unit system are displayed for reference.

lzer's Elements | Auial Forces | Static Loads I Constraints I Misalignmentsl Shaft Bow | Time Forcing I T argional dsial I
Unitz/D ezcription I b aterial I Shatt Elements I Digks I Unbalance Bearings | Suppaorts I Foundation
Bearing: Z2of 2 4dd Brg | Del Brg | Previous |
Station |: IE_ J: IU_ I~ Foundation Angle: Iﬂi
Type: | 5-Plain Journal Bearing [P film) =l

Camment; INu:unIinear analvsis, D= 4", L=1", Cb= 0.002", Yizcaosity=1.0E-06 Reyns

Journal/Damper Diameter: |4 Aial Length: I'I
Radial Clearance: ID-DE|2 Qil Yizcosiby: I'IE'E":IE

Urit:[2] - Geametry: in, Yiscosity: Revn [Lbf-sdn"2]

Save Save bz Cloze Help
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Generalized Non-Linear |sotropic Bearings

Two types of the generalized non-linear isotropic bearing are provided in this bearing
option. This option replaces the previous rolling element bearing with clearance.

¥

(x, y) are shaft displacements and r = 4/x* + y® . The tangential velocity of the shaft at
the contact point

v, =RQ+(-xsind + ycosd) = RQ +(Mj
r

(- F,) isthe radial restoring force acting on the shaft due to radial displacement, (- F,)
isthe tangential force due to Coulomb Friction:

—F, = u(-F,) sign(v,)

The total forces action on the shaft due to displacement (r), friction (), and linear
damping (C) are:

F. =(-F, )cosé-(-F,)sing-Cx
F, =(-F )sn@+(-F,)cos-Cy

Two types of equations are provided for the radial force and they are:

Case 1: Continuous For ce-Displacement Curve

Force (Fr)

Tangent
i Stiffness

D - T T T 1

Displacement (r)
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When r <r, (deadband or gap)

F. =0, F =0, F, =0, F, =0 Noforcesare action on the shaft

When r,<r
Fo= ko(r _ro)ao + kl(r _ro)a1 +k2(l’ _ro)a2 + k3(l’ _ro)as + k4(l’ _ro)a4

F. = uF, sign(v,)
Note that r,can be zero if no gap or deadband exists.

Case 2: Piecewiselinear curves

7/

k3

Force (Fr)

k2

k1
o

;3 o rlr2 r3 4
Displacement (r)

where k. isthedopefrom r, tor,,,

When r <r, (deadband or gap)

F. =0, F =0, F, =0, F, =0 Noforcesare action on the shaft

Whenr,<r<r,

I:r :kO (r _rO)
Ft :luO l:r

Whenr, <r<r,

F = ko (rl _ro)+k1 (r _rl)
Fo=uF
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Whenr, <r <r,

F =k (rl _r0)+k1 (rz _r1)+k2 (r _rz)
Ft ::uz I:r

When r,<r<r,

F =k (rl _ro)"' ky (rz _r1)+ K, (r3 _rz)"'k3(r _r3)
Ft :/'13 I:r

Whenr, <r

F = ko (rl _ro)+k1 (I’2 _r1)+k2 (I’3 _r2)+k3(r4 —I’3)+k4(l’ —I’4)
Fo=uF

A linear rolling element bearing with clearance (deadband) can be modeled in this case.

Rotor Bearing Syztem Data

Uzer's Elements | Ayial Forces | Static Loads | Constraints | Misalignmenlsl Shaft Bow | Time Forcing | Torzionalddxial |
[Jnite/Dezcription | b atenial | Shaft Elements | Dizkz | Unbalance Bearings | Supparts | Foundation

Bearing: 1of 2 AddBrg | Delbig | Mest |
Station |: |5 J: ID I~ Foundation Angle: IEI
Type: IE-G eneral Mon-inear lsatropic Bearing [Rolling Elements...) j

Camment: IFh:utu:ur drop simulation

hdadel: |F'ieu:ewise Curve - 2 [bi-linear] j Shaft Diameter: I2

o IW ko IW Co; IEI— fi: IEIIZ—
r: IEI.IZI1 k1: IEEDEIIZIEIEIEI cl: IIZI f: IIZI.25

Linear Viscous Friction Coefficient
Damping

nik:[2] - r: in, Force: Lbf, K: LbfAin, C: Lbf-/in

Save Save bz Cloze Help




Active Magnetic Bearing

Two options are used to model the active magnetic bearing. The linear Proportional-
Integral-Derivative controller with low pass filter is used in the steady state analysis
(Stability and Forced Response Analyses). The nonlinear active magnetic bearing
requires more input data and is used in the non-linear transient analysis. For both
options, the sensor stations may be different from the bearing stations (sensor non-
collocation) and the model may be different for the two bearing axes.

Active Magnetic Bearing 1 - Linear PID controller with low passfilter

This bearing is modeled as a PID controller in series with a unity gain, first order low
pass filter (generally used to model the amplifier). Two additional degrees of freedom
will be added to each of the x and y equations to model the controller states for each

bearing. However, these two additional degrees of freedom will not be available for
displaying in the post-processor. The output of the PID controller at each axisis:

C,X, +C [ x.dt +Cyx,

Where X, is the displacement at sensor location. The control force at each direction in
the S-domainis:

F :(cp +C, 5+cdsj _ate |y
S s+2rrf,

Active Magnetic Bearing 2 - Non-Linear Transient Analysis
This bearing is a standard PID controlled active magnetic bearing with sensor non-

collocation, gap non-linearity and current saturation effects for the transient analysis
only. The control current is determined from the following expression:

i, =Cpx, +C, [ x,dt+Cyx,
The currents supplied to the magnetic bearing are determined from the following:
i1:ib,p_ic i2 :ib,n+ic

it i<0, i=0; ifi>i,,, i

- IIimit

Theforce in the magnetic bearing is:

. 2 . 2
F=F, ['—1J —['—ZJ where h =gap-x, and h, =gap+x,
h, h,
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Floating Ring Bearing

Floating Ring Bearing can be treated as two fluid film bearings in series. The inner film
has two rotating surface (shaft and ring). The outer film bearing has only one rotating
surface (ring). Additional two degrees of freedom are introduced for each floating ring
bearing due to its ring mass. The ring mass station is a support station which is
automatically created when floating ring bearing is selected. The ring mass cannot be
zero to ensure the mass matrix being positive definite. The Station | is the station at the
rotor, Station J is the ring station, and Station K is the support station. If K=0, the
floating ring bearing is connected to the ground. If K is not zero, then a support must be
created by using the Support tab.

Floating Ring Bearing Used by FloatingRing Example
b

Bearing Data Bearing
L=1in Housj
Os=4in
Di=4.004in
Do=423in

Dh=4.3050n \\QE

Shaft
Mr=0.2 Lbm a1 § X
M1 = 1E-006 Reyns
Mz = 2E-006 Reyns
Speed Ratin=0.3
C1=0.002in w

C2=0002510n Outer Film
Load Andle =270 C2=(Db-Do)2

Ring

Inner Film
C1=(Di-Ds)/2
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General Non-Linear Polynomial Bearing

This is a general non-linear bearing. The bearing characteristics is modeled as a
polynomial as shown below:

Rotor Bearing System D ata E3

Uzer's Elements | Ayial Forces | Static Loads | Constraints | Misalignmenlsl Shaft Bow | Time Forcing | Torzionalddxial |

[Jnite/Dezcription | b aterial | Shaft Elements | Drizkz | Unbalance Bearings | Supparts | Foundation
Bearing: 1of 1 Del Brg | Previous | et |
Statian |; I'I J: IU [™ Foundation  Angle: IEI

Type: I'lEI-General MonLinear Bearing/D amper j
Camment: IHardening Spring, F = 0.4 sdaot + 1% + 05273 [Thomson, pp. 391)
i K. | kmi | Cimi | cwi | ki | Fapyi | Cwi | Chwi -
1 1 0 n4 0 1] 1 1] 04 |
2 1l 1l 0 0 1] 1] 1] 1]
3 (IR4] 0 0 i 1] (IRS] 1] 1]
4 1] 1] 0 0 1] 1] 1] 1]
5 I I I} I} 1] 1] 1] 1]
A 1] 1] 0 0 1] 1] 1] 1] -

Forces acting on the ratar; & =X - =] [relative displacement], W = ¥ dot (Relative Velocity] . eto.
Fro= - [Erwl o+ K2 572 + K3 573+ o+ Ksn = n+ Kanl Y + K2 %72 # Kay3 73+ + Kxpn v n

+ Ol W+ D2 W72 + T3 W73 4+ o+ Cann W h+ ol Wy + T2 W2 + Cap3 W™ 3+ 4+ Cron Vu™n |
Fuo=-[ Kyl ¥+ Kys2 572 + Kpe3 573 + o+ Kpsn = n o+ Kl Y+ K272 + Kyw3 73 .+ Eywn Y n

+ Oyl W+ Cos2 W72 + O3 a3 + o+ Cysn e "no+ Cowl Wy + G2 W2 + Cun3 ™3+ + Coon Wy'™n

Unit:[0] - Conziztent Unitz

Save Save bz Cloze Help




Liquid Annular Seal

The liquid annular seals used in the pumps are known to raise the “dry” critical speeds by
a considerable amount. The mathematical model of the liquid annular seal is similar to
the bearing model. The dynamic coefficients are calculated from the given seal data and
pressure drop. Two models are available: one is based on Black & Jenssen and the other

is based on Childs (1983).

Rotor Bearing System D ata E3

lzer's Elements | Auial Forces | Static Loads I Constraints I Misalignmentsl Shaft Bow | Time Forcing I T argional dsial I
Unitz/D ezcription I b aterial I Shatt Elements I Digks I Unbalance Bearings | Suppaorts I Foundation

Bearing: 1of 1 &dd Brg | Del Brg | Previous |
Statian |; |3 J: IU [ Foundation  Angle: IEI
Type: [11 Liuid Annular Seal =l

Comment; ISeaI E wample

Method: |Black & Jenssen = Inlst Swil Ratio: [0

Seal Length: |12— Fluid Density: Im
Shaft Diameter: [E Dynamic Yiscosiy: [1.8782007
Radial Clearance: IW Inlet Loss Factar: IU"—

Pressure Drop = dPo + dP1 * ipm + dF2 * ipm ™2
dPa: |5E|u dP1: |EI drz: |u

Marminal Operating Speed [rprm): |35|:":|

Urit:[1] - Geometry: in, Viscosity: Beyn, Density: Lbfs"240"4, Pressure: psi

Save Save bz Cloze Help




Flexible Supports

Two trandlational displacements are used to describe the motion of a flexible support, i.e.
two degrees-of-freedom at each support station. A support is connected to arigid ground
through the support stiffness and damping. Note that the support stiffness and damping
can be zero if the support is not connected to the rigid ground; however, the support mass
cannot be zero. The flexible supports are considered to be non-rotating components with

the exception of floating ring bushing. The rotational displacements (slopes) are
constrained automatically in the modeling process.

Station |I: Support station number. Note that this station has to connected to the rotor
station or another support by a bearing.

Comment: Description of this support.

Coefficients: Mass (M), Damping (C), and Stiffness (K) Coefficients.

Bearing

Bearing Support

Support

Support K& C
(Can be Bearing)

Bearing

Support

Support K& C
(Can be Bearing)

Rotor Bearing System D ata E3

Ilzer's Elements | Axial Forces | Static Loads I Constraints I Mixalignmentxl Shaft Bow | Time Forcing I T arzionalfduxial I
Unitz/D ezcription I b aterial I Shatt Elements I Digks I Unbalance I Bearings Supports | Foundation

Suppork: 1 af 1 Add |

Station I: IB

Comment: IWeight =10 Lbf, D'amping = 5 Lbf-s/in. Stiffness = 10000 Lbf/in

Delete | F'reviu:uusl et |

o [ my I 1] by
i 10 1] n 10
C ] n n il
K 10000 n 0 10000

Unit:(2] - M: Lbrn. C: Lbf-zin. K: LbEdin

Save | Save bz Cloze Help

45



Foundation

In contrast to a two (2) degrees-of-freedom flexible support, a foundation can possess
NDOFF degrees-of-freedom and NDOFF >= 2. If not specified, foundation is considered
to be rigid. The foundation matrices can be created by using general Finite Element
Programs, such as NASTRAN or ANSYS. The foundation is connected to the rotor
assembly by bearings. The foundation box needs to be checked in the bearing connected
to the foundation. The J and Y are the coordinate entries in the foundation matrices.
When foundation is included, one should always check the ASCII output from Lateral
Vibration Model Summary, which includes the modal analysis for the foundation alone.
This can be used to verify the foundation data. However, for static deflection and critical
speed analysis, foundation is assumed to berigid.

R S S S O R O O FOUndatIOﬂ [)ata R S R O R I O O R

C:. \ DyRoBeS\ Exanpl e\ Foundati on. f dn
Foundati on DOF = 15
EE R I I S S I S S I I S Sk I I S S I O FOUndathﬂ '\/bdal Anal ySIS

EE R O S O O o O

Mbde Danmpi ng Fact or Danpi ng Coef . Danped Freq. (R S) Hz
1 . 15534E-01 -96. 522 6212. 8 988. 81
2 . 69470E- 02 -96. 522 13894. 2211.2
15 ..... 21968E 01 ........ 965 AL 43926 ............. 6991 1

R I O o O O S O O kI o R I O O I O

Rotor Bearnng System Data |

Uzer's Elements | Auial Farces I Static Loads | Canstraints | Mizalignments I Shaft Bav | Time Farcing I T arzionald/Asial |
Unitz/D escrption | F aterial I Shaft Elements I Dizk= I Unbalance I Bearngs I Supports Foundation

Caomment: IFnundatiDn b atrices are created by uzing Guyan reduction from NASTRAN

FileM ame: IE:'\D_I,IH oBeShExampletLargeTurbineFoundation.fdn Browsze... |

Format: (% 4 = Binany

Thiz option allows pou ta include the fexible foundation effect,
D1 ata farmat it the FileM anme:
MOOFF, IDamping [ 2 integerd]
b ratriz (ki [real*8]
K. mnatriv (i) [real®d)
C matrix [C]. or other data depend on the value of IDamping [real*g]
MOOFF: Mumber of Degrees-0f-Freedam for the Foundation
IDamping: O - Mo Damping
1 - Diamping matrix, C iz required
2 - Proportiohal Damping, C=ak + b K, a and b are required
Megative Mr - Mr Modal Damping factors are required

Unit:[2] - M: Lbm, C: Lbf-2/in, K Lbffin

Save | Save Az Cloze Help
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LD L

15  Foundation 1011

Ctation |: I'l? J: |4 Y. 15 W Foundation Angle: IEI

Type: IEI-Linear Congtant Bearing

omment; IBearing cohnects suppot station 17 to Foundation DOF 4 (<] and 5 (7]

Station [: IE_ J: IT

Y. |11 ¥ Foundation Angle: ID

Type: IEI-Linear Constant Bearing

Zomment; IBearing cohnects roto station & to Foundation DOF 10 (<] and 171 [7]

MoHM OO OM M OM oM oM OM O OM M OM M M

MoMooHOM oM oMo oM oM oM oM oM oM M M

¥ X ¥ X X X X = = ¥ O®E X
¥ X ¥ X X X X = = ¥ O®E X
¥ X ¥ X X X X = = ¥ O®E X
z |44 45 = oz oz = = x X OE X
z |54 55| x oz oz o= = = ¥ X X
¥ X ¥ X X X X = = ¥ O®E X
¥ X ¥ X X X X = = ¥ O®E X
¥ X ¥ X X X X = = ¥ O®E X
¥ X ¥ X X X X = = ¥ O®E X
XX = o0ox oz x oz [1010 1011 = = =
XX x oz oz x x |1110 1111 = = =
¥ X ¥ X X X X = = ¥ O®E X
= =
Foundation Matrices
= =
¥ X ¥ X X X X = = ¥ O®E X

a7
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User’s Elements

This option allows you to specify your own subelement matrices. An element is assumed
to be isotropic, with the (X-Z) and (Y-Z) planes having identical dynamic properties.
The rotor shaft centerline is located along the Z-axis. Since the element isisotropic, only
the stiffness matrix in the X-Z plane is required. The coordinates for a typical element
are shown in the following figure.

The element total mass and diametral moment of inertia are used to establish the mass
matrix. The mass matrix in the (X-Z) plane will be:

m, 0 0 0| 5
o 'ey 0 o o b
0 0 M o0 ;2

0o o o 'y v2

The user supplied (4x4) stiffness matrix in the (X-2Z) plane will be:

Ki Kp Kig Ky Xy
Ky Kyp Kyu Ky for 6y1
Ki Ki Ky Ky X
Ko Kp Kig Ky 6y2

The stiffness matrix is symmetric, only the upper half is used in the formulation of the
element stiffness matrix. The Material Number in the Shaft Elements data page should
be set to O for User Supplied Elements.



Rotor Bearing System D ata E3

Unitz/D ezcription I b aterial I Shatt Elements I Digks I Unbalance I Bearings I Suppaorts I Foundation I
User's Elements |.-’-‘~:-<ia| Forces | Static Loads I Constraints I Misalignmentsl ShaftBu:uwl Time Fu:un:ingl Tarzional Adsial

Jzer's Element: 1 of 1 Add | Delete | Presvious |

Element: |3 Sub-Element: I1

Comment: IStiffness atd Mazs Model, Mase=2 Lbrmn, Inertia = 4 Lbfin™2

b azs: I2 Diametral Inertia: |4

Stiffness Matrix [ Plane)

K11 [ K1z [ K13 [ K14
K11 1.2E+007 BE +005 .2E+007 BE +005
K21 BE+006 4E +006 EE+006 2E +006
K31 1. 2E+007 BE+006 1.2E+007 EE+006
k.41 BE+006 2 +006 EE+006 4E +006

Unit:[2] - M: Lbm, 1d: Lbm-in™2, K171: Lbfdin, K12 Lbf, K22: Lbf-in, et

Save | Save bz | Cloze | Help |

Rotor Bearning Syztem Data

Uzer's Elements | Ayial Forces | Static Loads | Constraints | Misalignmenlsl Shaft Bow | Time Forcing | Torzionalddxial |
Unitz/D ezcription | Material ~ Shaft Elements | Disks | Unbalance | Bearings | Supports | Foundation

Shatt: 1of 1 Starting Station # [1 AddShaft | DelShaft | Previous | New |

Speed Hatiu:n:|1 Aaial Digtance: IEI ' Distance: ID Import | Expart |

Coarmrment: IEIement 3. Subelement 1 iz an User's Supplied Element, Mat=0

Ele [Sub]Mat]Lev] Length | MasslD | Mas=0D | seifip | siifoD | Commerts  [=
111 1 1 0 1.25 i 1 0 0 [
2|12 1 1 0 0s i 1.5 0 0
3|3 1[0]o 1 0 0.75 0 0
4|4 1 1 0 0s 1] 1.25 0 0
5| 5 1 1 0 1 i 1 0 0
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Axial Forceand Torque

This option alows you to include the axial forces and torques effects in the model. Note
that this option is used for the lateral vibration only. For axia force, tension is defined to
be positive in magnitude and compression is defined to be negative. For axia torque,
Right Hand Rule is used for the sign convention. A positive axial torque vector pointsin
the positive outward normal direction at the boundary element.

1. Stn From: Left starting station number.
2. Stn To: Right ending station number.
3. Force Axial forcevalue.
4. Torque: Axial torquevalue.
5. Comment: Description.
Rotor Bearing Syztem Data
[Jnite/Dezcription | b atenial Shaft Elements | Dizkz | Unbalance | Bearingz | Supparts | Foundation |
zer's Elements  Awial Forces | Static Loads | Constraints | Misalignmenlsl Shaft Bow | Time Forcing | T orziohalfésial
Sth:From | Sth:To | Force | Torgue | Comments |A
1 1 7 1000 1] Auial force [tension] |
2
3
*‘ =
5 1
&
19
20 x
Izt B Delete Faw rit:[2] - Forces: Lbf, Moments/Torque: Lbl-in

Save Save bz Cloze Help
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Static Loads

The static loads are used in the Static Deflection Analysis and Transient Analysis. The
static loads are externally applied loads, such as gear loads. The gravity loads are
specified in the run time data folder.

1. Stn: Station number where the static loads are applied.
2. Fx: Forceinthe X direction.
3. Fy: Forceinthe direction.
4. Mx: Moment about the X direction.
5. My: Moment about the Y direction.
6. Comments. Description.
Rotor Bearing System D ata E3
Unitz/D ezcription I b aterial I Shatt Elements I Digks I Unbalance I Bearings I Suppaorts I Foundation I
Ilzer's Elements | Auial Forpes  Static Loads | Constraints I Misalignmentsl Shaft Bow | Time Forcing I Tarzional Adsial
Stn | Fx | Fu | i I 1] | Cormments |A
1 3 560 375 n n Gear Load |
2
3
4
5
E
7
g
19
20 il
T Delete Bow Irit:[2] - Forces: Lbf, Moments:/Tarque: Lb-in
Save Save Az Cloze Help
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Constraints

This option allows you to model the geometric and natural boundary conditions. Note
that this option is used for the lateral vibration only. For the axia and torsiona
vibrations, the constraints are entered under the Connectivity of Torsion/Axial folder. In
the practice of rotordynamics, the geometric constraints are seldom used. They are
provided in the program for the theoretical verification with many close form solutions.
The natural boundary conditions (Shear/Moment Release) are used mainly for the
simulation of a spline or aflexible coupling with moment release.

Stn: Station number where the constraint is imposed.

x: Trandational displacement in the X axis (Fixed/O-None).

y. Trandational displacement inthe Y axis (Fixed/O-None).
Theta x: Rotational displacement about X axis (Fixed/0O-None).
Thetay: Rotational displacement about Y axis (Fixed/0-None).
Shear: Shear force release (Release/0-None).

Moment: Moment release (Release/O-None).

Comment: Description.

NGO~ WDNE

If both geometric and natural constraints are applied at the same finite element station,
the natural boundary conditions are ignored.

Rotor Bearing System D ata E3
Unitz/D ezcription I b aterial I Shatt Elements I Dizgks I Unbalance I Bearings I Suppaorts I Foundation I
lzer's Elements | Auial Forces | Static Loads  Constraints | Misalignmentsl Shaft Bow | Time Forcing I T argional dsial
Sth | % | Y | Theta » | Theta y | Shear | b crmetit | Cornrnetts |“
1 1 Fired Fixed Fixed Fired 1] 1] Fized End |
2 7 1] ] ] ] ] Releasze Coupling
3 10 Fixed Fixed 0 0 0 0 Simply Supported
4 16 Fined Fined 0 0 0 0 Simply Supported
5
Geometric Matural Geometric Geametric
B.C B.C. B.C B.C
== s |
st Blgn | Irit:(4] - Hone
Save Save Az Cloze Help

52



Misalignments
At the present time, the misalignments are used only in the Static Deflection and

Constraint Force Calculation.

Rotor Bearing System D ata E3
[Jnite/Dezcription | b atenial | Shaft Elements | Dizkz | Unbalance | Bearingz | Supparts | Foundation |

zer's Elements | Aial Forces | Static Loads | Constraintz ~ Mizalignments |ShaftEu:uw | Time Forcing | T orziohalAésial

Stn | M | y | Theta = | Theta y | Comments =
1 = 0 -0.0M 1] 1] Eearing misalignment
2
19
20 il
Izt Bl Delete Bow Unit:[4] - Dizplacement: mm, Slope: deqree
Save Save bz Cloze Help
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Shaft Bow

This option allows you to model the shaft residual bow effect. The shaft bow generates
synchronous excitation with speed independent magnitude. Since it is not feasible and
not practical to input the residual shaft bow (displacements and slopes) for all the finite
element stations, two curve fitting options are provided in the program. By selecting
None, the unspecified displacements and slopes are set to be zero. By selecting Spline or
Polynomial, the unspecified displacements are interpolated or extrapolated from the
given displacements and the slopes are derived from the displacements. The disk skew
caused by the shaft bow is added to the total disk skew angle.

Rotor Bearing System D ata E3
Unitz/D ezcription I b aterial I Shatt Elements I Digks I Unbalance | Bearings I Suppaorts I Foundation I
Ilzer's Elements | Auial Forces | Static Loads I Constraints I Mizalignments ~ Shaft Bow | Time Farcing I Tarzional Adsial
Curve Fitting tethod
{r‘ Mome ¥ Splme " Polynominal
Stn_| % | i | Comments -
1 1 0 a Bearing Station |
2 g 1] -0.001 Dizk.
3 9 0 il Bearing Station
4 16 I} -0.0015 Owerthung Digk
3
15 hd|
Inzert Fow Delete Bow Unit:[4] - Deflection: mm
Save Save bz Cloze Help




Time Forcing Functions

This option allows you to model almost any type of excitation forcessmoments, such as
synchronous (unbalance, blade loss, etc.), non-synchronous (gear mesh, etc.), any

harmonics, step, constant, impulse, etc. The excitation is applied when t, <t<t,.
Multiple excitations can be applied at the same station. The combination of various types
of excitation alows you to model almost any forms of excitation.

=

Stn: Station number where the excitation is applied.

Dir: Coordinate at which the excitation is applied. 1 —forcein x direction, 2- force
iny direction, 3—moment about x axis, 4 — moment about y axis.

Type: Excitation type. Varioustypes are defined below.

Start (t1): Starting time at which the excitation is applied.

Stop (t2): Stop time at which the excitation is ended.

Par 1, 2, 3, 4: Parameters used to define the excitation. They are defined below.
Comment: Description.

N

N U kW

Various types of excitations are defined below. Note that the excitation is applied when
t, <t<t,.

Type = 0 Exponentially Decay Force

F=F, e coslw, (t-t,) + @)
where, F =Pal A =Par 2, w, =Pa 3 (rpm),¢ =Par4 (degree) are the input
parameters. By properly adjusting these parameters, the excitation can be in many other

forms. For example:

0 the forceis apurely harmonic force.
0, =0 ¢=0 the forceis a step constant

Type=1Purely Harmonics
F=F, cosw,(t-t,)) + F. sin(w,.(t-t,)
where, F, = Parl, F, =Par2, w,, =Par3(rpm).
Type =2 Step Constant
F=F
where, F,=Parl. If t2 = t1, or the time interval is very small, then the excitation

becomes impulse force. Caution must be taken in the case of the impulse excitation, that
is, t1 must be in the discrete time point.
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Type=3Linear function

F=F at

where, F, = Parl ,and F, = Par2

Type =4 Polynomial function

,and F=F, a t,

F=F +F(t-t)+F(t-t)" +Ft-t)°

where, F, =Parl, F, =Pa2, F, =Par3, F, = Par4

Rotor Bearing Syztem Data

[Jnite/Dezcription | b atenial | Shaft Elements | Dizkz | Unbalance | Bearingz | Supparts | Foundation |
zer's Elements | Aial Forces | Static Loads | Constraints | Misalignmentsl Shaft Bow  Time Forcing | Torsionalfésial

The excitation iz applied when t1 <=t < t2. Prezs <F1> for more detail

Sth I [ir |Tvpe| Start [t1] | Stop [t | Par 1 | Par 2 | Far 3 | Par 4 I Comments |A
1 1 1 3 1] nz 1] 100 ] 1] |
2 1 1 3 nz n4 100 1] i 1]
3
4 1 1 2 1] 01 100 1] i 1]
5 1 1 3 01 nz 100 1] i 1]
B
7 b 1 1 1] 01 Q.01 1] 3600 1] Cozine
17
18 hd
st Blgn Dielete Bow nit:[0] - Congigtent Units
Save Save bz Cloze Help
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Torsional/Axial Data

This folder allows you to input the additional data required for Torsional and/or Axial
vibrations. The buttons for Connectivity, Modal Damping, and Steady State Excitation
are for torsional or axial vibration. The buttons for Short Circuit Torque, Driving
Torque, and Load Torque are only for torsional transient analysis.

The Connectivity alows you to input the linear stiffness and damping or constraints. The
Moda Damping alows you to input the damping factors, if the direct damping is not
available. The Steady State Excitation allows you to input the steady state excitations.
The Short Circuit Torque alows you to input the short circuit torques or any other
excitations with the similar torque expression. The Driving Torque and Load Torque are
the torgques required for the Torsiona Transient Startup Analysis.

Rotor Bearing Syztem Data

[Jnite/Dezcription | b atenial | Shaft Elements | Dizkz | Unbalance | Bearingz | Supparts | Foundation |
zer's Elements | Aial Forces | Static Loads | Constraints | Misalignmentsl ShaftBu:uw' Time Forcing T orsionalAxial

— Tarzional and/or Axial Data———— — Tarzional Transient Analyziz

Connectivity Short Circuit T arque

— Startup Tranzient
plecalbanene Driving Torque
Steady State Excitation Load Torque
Save Save Az Cloze Help
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Torsional/Axial Connectivity Data

This option allows you to input the connectivity and constraints for the torsional and/or
axia vibration data. For torsional and axial vibrations, the system can be continuous by
using the shaft elements and/or discrete by using the external connectivity, or the
combination of continuous and discrete model. The discrete datais entered in this option.
The connectivity links station | and station J.

1. TJ/A: Torsional or Axial vibration.

2. Stn |: Station number .

3. StnJ: Station number J. If J=0, station | is connected to the rigid ground.

4. Connectivity: Rigid or Flexible Link. Rigid link indicates that the displacements at
Station | and Station J are identical (for example, rigid gear meshes). Flexible link
indicates that the stations | and J are connected by the external stiffness and
damping.

5. Stiffness: Used in Flexible Link to connect station | and station J.

6. Damping: Usedin Flexible Link to connect station | and station J.

7. Comment: Description.

Torsonal/Awial Connectviy Data |

T4 | Sth | | Sin.J | Connectivity | Shiffness | [ amping | Comments |*
1 Targional 2 3 Rigid Lirk, n n Gear Mesh |
2 | Tarzional 2 G Rigid Link:, 1] 1] [ear Mesh
3 | Torsional 1 2 Flexible Link, 2. 26E +003 1l Propeller
4 Torzional 3 4 Flexible Link, 2. 14E+009 ] High Preszure Turbir
5 | Torsional 4 h Flesible Link. a.730E+mDn 1]
= Torzional 5 7 Flexible Link, 1.8056E+010 1l Low Preszzure Turbine
7 Torzional 7 a Flexible Link, 4 8925E+010 1]
g8 | Torsional 1 1] Flexible Link, 1] 3.86E +006 Dramping ta ground
9 | Torsional 5 1] Flexible Link, 1] ZE1600 High Pressure Turbiru
10 | Torzional 3 ] Flexible Link, ] 174400 Lows P Tuurbing
11
12
13
14
15 hd
Irsert Bow Delete Fow nit:[1]- T: K: Lbf-indrad, C: Lbf-in-z/rad; &: K LbfAn, C: Lbf-2fin
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Torsional/Axial Modal Damping

This option allows you to input the modal damping factors, if the direct damping is not
avalable. In generd, the torsional damping for a geared train system is not readily
available from the element level. The torsional modal damping factors for systems with
dry type couplings have been reported in the range of 1-5 percent. For systems with
resilient rubber couplings, the modal damping of the coupling modes, where the motions
are dominated by the coupling, can go up to 6-10 percent. For practical purpose, only the
first severa modes are of interest, modal truncation is employed to approximate the
physical damping. The modal damping factor is ratio of the actual modal damping to the
critical modal damping for a given mode. If the modal damping factor is equal to one
(2), the associated mode is said to be critically damped. Typical value is between 0.01 (1
percent) to 0.1 (10 percent). The definition of modal damping factor is:

& =— r = mode of interest

where
C,,J,,w, aemoda damping, modal massinertia, and natural frequency
Modal Dampings
Darnping Factor [ Cornments -

1 0.m5 1at mode-1.5% [

2 no2z 2nd mode - 2.2 %

3

4

5

E

7

8

3

10

11

12

13

14

15 -
Irisert Fow Delete Fow nit:[1] - Mone, Typical: 0.01-0.10
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Torsional/Axial Steady State Excitations

This option alows you to input the torsional and/or axial steady state excitations. For
torsional vibration, the excitation is torque. For axial vibration, the excitation is force.
The excitation frequency can be a second order polynomial function of rotor speed. By
adjusting the frequency coefficients, the excitation frequency can be a constant,
synchronous, or non-synchronous excitation. The torque/force multiplier provides the
flexibility of including the frequency into the torque/force amplitude. By adjusting the
multiplier coefficients, the excitation amplitude can be a constant, first order, or second
order of the frequency (speed).

w,, =(C,+C,Q+C, Q) x (271/60)

T = (Tc Cos(wexct) + Ts Sln( a)exct)) X Trmltiplier
T

multiplier

=M, +MQ +M,Q°

where Q is the rotor speed (rpm), C,,C,,C,: are Frequency coefficients, and
M,, M,, M,: are Torque/force multiplier coefficients.

1. T/A Option: Torsional or Axia vibration.

2. Stn |: Station number where the excitation is applied.

3. CosComponent: Tc, Cosine component of the excitation amplitude.

4. Sin Component: Ts, Sine component of the excitation amplitude.

5. Comment: Description.

Torsional/Axial Steady State Excitation E3
Ewcitation Freq.[rpm]: Co II:I C1: IE CZ: II:I
Torgue/Force Multiplier:  Ma: IU b1 IU P2 |1
Excitation Freq = CO + C1 % rprn + C2 & rpm”™2 TorquedFarce = Compaonent (MO + M1 = ipm + M2 % rpm™2)

1/ | sin | CosComponent | Sin Component | Comments B

1 Torzional 1 307.82 1] Wesc= 5 » rpm |
2
3
4
4]
B
7
a
|
10
11
12 -
Insert Fow Delete Bow rit:[1] - T: Torgue: Lbf-in; A Force: Lbf
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Torsional Short Circuit Torque

This option allows you to input the short circuit torques for torsional transient analysis.
Although it is implemented for “short circuit” transient analysis, it is NOT limited by the
short circuit torques. Any excitations with the following expression can be used in this
transient analysis.

T=T, T e +T e™ sin(ax + gg) +T, e sin(2 a + go)]

where
Taedr Tor 1o T are rated torque, and torque components.
a, &, a, are time constants.
¢ % are phase angles (degree).

The following figure shows the transient torques for a typical 2000 Hp, 4000V, 2 pole, 60
Hz motor. Please note that the 2-phase short circuit and 3-phase short circuit do not
occur at the sametime. They are listed simultaneously here only for reference purposes.
The steady state driving torque and load torques are also entered in this form. The steady
state driving torque and | oad torques have effects on the initial conditions (acceleration).

The torque and horsepower are related by:

T _12x33000x hp _ 63025x% hp
Lor=in 277X rpm rpm

Short Circuit Torque |
Frequency [Hz: IEEI Fated Torque [Trated): ISEEIEIEI

Tomque = Trated = [ TO expl-al £] + T1 expl-al £] gsin(wt+b1] + T2 expl-a2 t] sin[2wt+b2] |

Sn [ 10 | a0 [ 11 [ a1 [ b1 [ 712 | a2 [ b2 [=
1 0 0 £.07 385 a 204 76 0

0 N £ 94 7.3 0 N 0 N

1 0 0

1 0

0 1] 0 0 1]
0 1] 0 0 1] a

This is a typical 2000 HP, 4000% 2 paole moator. The first row is the torque for
2 phase short circuit. The secaond row is the 3 phase short circuit torgque.
They will not occur at the same time. This is just a illustration. The third
rovy is the steady state driving torque and the fourth row is the load torgue.
The steady state driving torgque and load torque are for initial conditions.

1
1
3

L0 |00 =) (O O | [ (P | —

—
=

Insert Faw Delete Bow nit:[1] - Torque: Lbf-in, ao,al.a2: 1/z, b1 b2 degree
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Torsional Driving Torque

The Torsional Driving Torque and Load Torque are used for torsional startup analysis. It
is known that the synchronous motors produce oscillating torques with excitation
frequency equal to twice the dip frequency during startup and they can cause serious
failure if the system is not properly designed. Induction motors also produce the
oscillating torques at start; however, the torque amplitude exponentially decays and the
excitation frequencies are equal to the line frequency and twice the line frequency. The
data fields are self-explanatory. The synchronous speed (rpm) can be automatically
calculated by specifying the number of poles or can be input independently.

_ 120x LineFrequency (Hz)
= rpm
No.of Poles

N

syn

The synchronous motor driving torque at any instant during startup has the form:
T =Toy *+ Too SN[t

where T,,, T, aretheaverage and oscillating torques. They are provided by the motor

manufacturers as a function of motor speed in percentage with respect to the rated torque.
The excitation frequency of the pulsating torque is equal to twice the slip frequency.

Synchronous Speed — Motor Speedj

w,. =2mrx2 xLineFrequency x
e equency ( Synchronous Speed

The induction motor driving torque has the form:
T=T, +T

where the average torgque is given in the same way as the synchronous motor input. The
oscillating torque is given in the following expression:

Te=Tow [T, +T, e sin(ax + q) +T, e sin(2 a + Q)]

where the parameters T,, a,, T,, a,, ¢, T,, a,, ¢, areentered in the Tosc column in the

above sequence. Therefore, for an induction motor, the average torque data (Tavg)
should at least requires 8 points.
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Motor Torque

% speed | & Tavg | % Tosc | -
1 ] 45 an
2 10 43 an
] 20 L an
4 30 U an
] 40 B2 a0 ]
5 a0 B3 Kl
7 B0 s a2
a 70 a5 i3]
| an a3 42
10 a0 95 47
11 100 28 a0
12
13
14
15
16 -
Ingert Row Delete Row

kator 5 tation: |'|
Line Frequency: IEEI Hz "I

IE vI
Synchronaus BPM: |1 200

Rated Torque: |255566

Mo, af Paoles:

Drriveer: i

Fior Syry Induction baotor -
Other Driseer
Torque =T3v i FT T ER

Wieso = twice the slip frequency

For Induction Motor and Other

Prezs <F1> for details

Unit:[1] - Torque: Lbf-in

]|
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Torsional Load Torque

The load torques include compressor stage power, gear power loss, oil pump, etc. Up to
six loads can be input in the analysis. It is common to specify the load torque as a
function of speed in percentage. The torques are input in their actual (true) values, not
the equivalent torques. The program converts the true torques to the equivalent torques
and performs the analysis. The output vibratory torque can be specified either in true or
equivalent values.

Equivalent Torque = Actual Torquexn

where n is the speed ratio.

Load Torque |
Full Tarque: IEEEEEE IIp ta B Load Targues can be applied
Station Mumber; |3 IEI IEI IEI IEI ||:|
% speed | %load-st | % load?nd | % Lload3rd | % Load-dth | % Load5th | % Load6th [«
1 1] 0 1] 1] 1] 1] 1]
2 10 023 1] 1] 1] 1] 1]
3 20 05z 1] 1] 1] 1] 1] —
4 a0 368 1] 1] 1] 1] 1]
5 G0 828 1] 1] 1] 1] 1]
E an 14.72 1] 1] 1] 1] 1]
7 100 23 1] 1] 1] 1] 1]
g
3
10
11
12 -
Irzert Raw Delete Raw Unit:[1] - Torgque: Lbf-in
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