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hank you for purchasing Dynamics R4 program,
developed by our Alfa-Tranzit Co., Ltd for solution
of many practical problems you can meet in
rotordynamics research

Alfa-Tranzit Co., Ltd and its engineers do their best
that Dynamics R4 would be the best among other
programs for rotordynamics turbomachinery and

meet your requirements.

We are ready to respond any proposals and consider
them in further versions of the system.

We are always ready to help you!

Web-site: www.alfatran.com
support@alfatran.com
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1 INTRODUCTION

DYNAMICS R4 is a new generation of software package for
turbomachinery rotordynamics problems.

This program was developed by people employed at the Moscow Aviation
Institute (MAI) rotordynamics laboratory for a long time — since 1963 till
present time.

The first version of program software was developed in 1969 for axial
symmetric models of gas-turbine engines and rotor-bearing structures
(Chronin D.V, professor of MAI, Ivanov A.V., PhD, lecturer of MAI). The
programming language is a machine-language code.

The second version of program to solve complete rotordynamics problems
was developed in 1974 for anisotropic systems of gas-turbine engines
(Chronin D.V, Ivanov A.V., Leontiev M.K., PhD, professor of MAI,
member of SAE, academician). Programming language is ALGOL.
Operating system is OS (IBM 360). Later this program was developed for
transient response of nonlinear rotor-bearing structures (Chronin D.V,
Leontiev M.K.) The program was provided for the design, development,
fabrication and application of rotating systems and during subsequent 20
years it was the basic code in practice of the most design offices in USSR.
The programming language is Fortran-4.

In the early 90’s the second version of program (linear statement) was
reprogrammed  for new generation of computers (PC) and called
DYNAMICS (Leontiev M.K.). The programming language is DOS-
Fortran. The operating system is DOS.

2-8
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The coding of DYNAMICS R3.0® software package was sponsored by
Samsung® Aerospace (Republic of Korea) and developed by Alfa-Tranzit®
Co., Ltd (Russia) - Leontiev M.K., lvanov A.V and Degtiarev A.A, PhD,
engineer. The programming language is C++ for operating systems
Windows 95/98/2000/NT.

The widely known in Russia DYNAMICS R3.1. ® was programmed in
2001 and it has been used by many Russian companies.

DYNAMICS R4 ® is a new software product from Alfa-Tranzit Co., Ltd.
The software(its various versions) may be applied to solution of a wide
range of linear and non-linear multi-shaft rotordynamics problems. Its
objective is to predict accurately the vibration characteristics and dynamic
response of rotor structures in high speed rotating machinery. This analysis
can be conducted during both the design phase and the machine operating
when the causes of a particular failure or the reasons for poor performance
are met.

ROTORDYNAMICS OF TURBOMACHINERY

Rotor-Bearing Technology

Alfa-Tranzit Co., Ltd offers the
new DYNAMICS R4.2

DYNAMICS R3.1
Softwase Fackaas

program package for analysis
and design of rotor systems of
I high complexity

N Kofor-Pearing Dynarvics 7 echnology

| INATICD K7/

© Copyright
Alfa-Tranzit Co., Ltd ®” 2000-2007
e-mail support@alfatran.com
www.alfatran.com

f% Dynamics R4

The objects of research in DYNAMICS R4® are gas-turbine engines, power
plants, air compressors, starters, turbo-expanders, turbo-driven pump
assemblies, any kinds of gear systems, etc. The software may be used at
different stages of design, development and operating.

DYNAMICS R4 is the software package specifically developed for design,
analysis and troubleshooting of many kinds of rotating machinery. It can be
also used for development of model based diagnostic algorithms.

2-9
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General Properties

Variety of practical rotor dynamic problems of rotating machinery that
can be solved in Dynamics R4

Analysis of linear and non-linear rotating structures

High accuracy and speed of computations

Adaptive methods of numerical integration in transient analysis

Modular architecture of program system that allows leading its
development and improvement

Possibility of user’s algorithms and elements development and their
integration into software

Advanced system of information including help functions, warnings and
error messages

49 examples of models and solutions that show program functionalities
including results of calculations, exercises and instructions on program
work

Possibility to use the software for deep study of linear and non-linear
rotor systems dynamics

A user-friendly Russian- and English - s language interface

Functional Capacity

Modeling of multi-shaft and multi-level rotor structures including cases,
mountings and foundation

3-dimensional location of subsystems (free orientation of spin axes) -
coaxial, or nonaligned, or crossing

One-dimensional and two-dimensional parametric analysis — time
variation of speed, geometry, location, stiffness and damping
coefficients, loads, etc.

Numerous stationary and non-stationary external loads

Large quantity of various types of rotor nodes

Any bar-and-pic charts of operating modes of rotating machines
Modeling and analysis of any kinds of gears used in rotating machinery

General Problems of Linear Dynamics

Calculation of natural frequencies and mode shapes of non-rotating and
undamped systems

Damped natural frequencies and mode shapes of rotating systems
Natural frequency maps

2-10
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Stability maps

Kinetic and potential energy distribution on a rotor model element for
every mode shape

Critical speeds calculation

Critical speed maps

Unbalance response

Computation of rotor systems with time depended stiffness and damping
matrixes

Static deformations and reactions in supports

General Problems of Non-linear Dynamics

Transient response due to acceleration and deceleration of rotor system
Transient response of rotating structures due to various non-stationary
loads

Modeling of rotor structures with nonlinear supports and seals of general
kind

Calculation of systems with clearances and rubbings

Computation of rotor systems with journal bearings

Modeling and analysis of rotor systems supported by rolling bearings
Computation of rotor systems with squeeze-film dampers

Stability thresholds computation

User interface

Text and graphic preprocessor for multi-level rotor structures creation
Standard elements library for rotor system modeling

Material database support

2D and 3D visualization of rotor models

Exchangeable or removed groups of modeling elements or data for
alternative calculations within a single dynamic model

2D and 3D results output

Numerous types of output data — displacements, rotations, velocities,
accelerations, reactions, forces and moments

Continuous animation

Graphical post-processor for output data after the transient analysis
User-defined forms of protocols and reports based on the model data and
calculation results

2-11
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NOTE: The program is being constantly developed. New functions,
elements and algorithms are being designed. In this connection this version
of User’s Guide may slightly differ from the program details

NOTE: Some algorithms described in this Guide may be absent in the
supplied code

2-12
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2 DEVELOPMENT OF SOFTWARE VERSIONS

With releasing new versions, users are sent notifications about possibility to
download a new version. Notifications give the complete list of new
functionality and corrected problems. Also, a user can look through changes
list on our web-site: http://www.alfatran.com/dynamics4_new.shtml.

9 Crpasouna cuctems Dynamics Ré [ B e
g L & 3

Cpoims Haim Hasan Mevams  MapaveTphi

Cosepaanve | Yicasarens | Movex |

B Dynamics R4.8.8.3870

. . oBonouex Npu yCTaNoBKE TouEHHEX

o snemenTos w sanarnn [os]
R HHINEIUD LD TUANHUMICH G . nepexoga s oxra i 06 ownbrax K snemenTan

Em

@ Dynamics R4 OGuwe ceenenna * B KOHTEKCTHOR MEHiO AEPE3a MOREW AOGAB/EHT KONAHOa Ha JAMYCK B3MAALM
| | & @ Wnrepdeiic Dynamics R4 WEXOAMBIX AAHHEDX HOAENM
@ 3nemenTul n Anropumiel . dyri 3HadeHMil
@ Mpnepsl $YHKUMA M APryMeHTa 5 AMANOr DeAaKTMDOSaHMA NEPEMEHHO
o [ofaenen NeDex0n & cenzarHen 0BLeKTaM N0 ABGHHONY KIMKY HA HAZEaHHH
napametpa(1-ii cronbew, nepexoa . TouKam cesam, wra)
® fofaenen amanorc EbLIBOAOM MATDULILI KECTKOCTH U

o Asolinomy KKy Ha nazeanue napanetpa (([stiff_matrix] un [damp_matrix]) nn o
KOHTEKCTHOM MEHIO SnevewTa

DTS S —— snemerTs o ceuerms
N0 ABaiiHOMY KAMKY MEILKOR.

o Jobasnena onuns o [Chopxal ¢ HacTpoiixoii pEnacTH suauMOCTH Crucka
noaknioqenna ceazed (local - ne ymonyaHuio, CTaHAapTHOE NoBedeHNe, parent BMaHs!
TouKu cazeli us cBopkn Ha yposens Bbiwe, global - suarsl ace TouKkn cosseil)

« [JoBasneHkl KoMaHAs KoHEepTauWM Banok e cbonouxy u obpatko

o [lobasnena posmoxHocTs 3ananis UseTa anewerTos Tna [Macea]

« [lobaanena B03MOXHOCTS NEDEX0AE N0 UCTODUM BKTMSHEIX SnenerTos (ctrl+shift+Z -
Hazan, ctrl+shift+Y - snepen)

* KOHTEKCTHOE Metio SNEHEHTOR CABNAHO AMHANMYECKAM, NOREAIACE HOBKIE KOMaHAE!
£11R ONEPALIMI HAA TERYILUNMA SNENEHTEMI

B KOHTEKCTHOE MEHIO HCTROSK BM3ya/M3aUni aneneHTa aofasneHa Konanaa
HA3HAUEHWA LBETa SneMeHTa [Custom] nonssosatensm

s B Menio canzei 6; KOMaHAb! M ECTEBEKN HACTRoRK
NOAKNHEHNS U PAsNEPOD

B KOWTEKCTHOE MEMI0 SKTHBHOrQ S/1eMEHTa A0B2ENEHE! KOMEHAE KONMDOBSHAA 1
NOOKNOUEHNA TOUEK CBA3H K CBA3AM.

o) nero Komanas [obasnTs & rpvnnyl.
[10BABNEHNE TOUEUHBIX SAEMEHTOE B NOCAEOHIOK UCNONLIOBABLIYIOCR FPYNNY.
Tpebyerca HaxaTs F5 no

d . G s B HeHo KoMaHaa [[J ceuetual ans

Figure 2.1
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A user can study the history of changes in Help System (Figure 2.1). It
worth noticing that a user can find additional information on the changes
following hyperlink. "Help system change log" is link to the list of new
materials in Help (Figure 2.2).

E2 Dynamics R4 help system = &
|
| Cl =] -
Crperms Haim Hasan Mesars  MapameTpel
Conepxarve | Nonck
Iroes| i L .
{ Dynamios R4 Help Index =" Changes and additions in the help system

2] Introduction and historical brisf

?] Product history

| ] Help system change log Changes in Dynamics R4.9.0

b Dynamics R4 Overview coineel omae ik

@ Dynamics R4 Interface LSauirrel cage Ink]

@ Semerts and Agorihms reference Forced osallations mode
FFT spectrum

.
.
@ Eamples
b Bl o 30 window preferences
o Basis
® Locus chart

One-dimensional parametric study
Import bearing from table
Reactions calculatien in Dynamics Re
Dynamic Response toolbar
New materials were added in Simulation in Dynamics R4 (HewTo...) - [Help\ How To...]
© 11. Modeling of the "squirrel cage” spring
© 12. Simulation of bevel gear set
© 13, Simulation of shell shaft with a section of lacal flexibility
* Inmenu [Help\ Examples] new files were added
© 50. POINT ROTOR - ROTOR'S MOTION IN CLEARANCE WITHOUT CONTACT (ex50 Backward precession
whithout contact.rdm)
© 51. POINT ROTOR - FLEXIBILITY INFLUENCE IN CONTACT ON ROTOR MOTION (ex51 Flexibility influence in
contact on rotor motion.rdm)

Changes in Dynamics R4.8.8
Warnings and errors, model validation system
Note2 was added inVariables
Transition to linked objects
Add section
Assembly] - link_scope
Beam to shell and backward conversion
|ements context menu
How to connect links in the complex models
Additions in Group of elements [Group]
Get global coordinates’
* Additiens in Natural frequency map

Changes in Dynamics R4.8.4
® [Annular Seal v

e [Toraue Loadl

Figure 2.2
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3 DYNAMICS R4 INSTALLATION NOTES

The program can be installed in the following way:
Insert the installation CD into a drive.

Run the file setup_x86.exe for 32-bit Windows and setup_x64.exe for 64-
bit ones. You should not start the file Dynamics4.msi on the computer
where Dynamics R4 was not installed before.

After that follow the instructions appearing on the screen while installing.
When installation is finished in the directory chosen by a user, a new group
Dynamics R4 will be created with an icon on the Desktop

The program can work on your computer only if there is electronic
protection dongle on your computer.

To continue connect the security device (a dongle) to your computer
through USB port. Windows will automatically install new hardware after
you connect it.

After installing the program, the user can observe some installation
information by [About Dynamics R4] command, that is, Figure 3.1:

e program version number (please, send this number when sending
messages to the Licenser)

e software packages which were used in Dynamics R4

e license data

e license text

3-15



Va4
TRANZIT
L 4 4

User Guide

e technical support information

e information about disabled options of Dynamics R4 version for
Licensee

To uninstall Dynamics R4, use the Windows [Add or Remove...] applet.

About DYNAMICS R4 () X

Dynamics R" "4" "14" "6525 E
&"Affa-Tranzit Co., Lid " "2003-2021

3D viewing - Coin 30 library ©1998-2005 Systems in
| Motion AS.. Some 2D charts - ProEssentials packet
version 3.0 ®1994-1598 Gigasoft, Inc; Sundials
CVODE Copyright {c) 2002, The Regents of the
£ University of Calfomia; Intel{R) Math Kemel
Library®2006 Intel Corporation

Product is licensed to:

Turkey TEI (EXPERT)

[ View the End-User-License Agreement |

‘Waming: This computer program is protected by

copyright law and intemational treaties. Unautharized [
reproduction or distribution of this program, or any portion

of #. may result in severe civi and crminal penalies, and | Tech. Support.. |
will be prosecuted to the maximum extent possible under

the law. | Disabled Options. |

OK |

Figure 3.1

3.1 Dynamics R4 (floating license)

Server - computer with installed Guardant Net and Guardant Net Server
software.

Client — workstation with installed Dynamics R4. (server can be started on
the client also)

1. Settings on the server side

1.1 Setup drivers for Guardant dongles. (Can be downloaded also from -
http://www.guardant.ru/support/download/drivers/)

1.2 Copy in any folder (specified by system administrator) Guardant Net
Server software. (grdsrv.exe and grdsrv.ini)

1.3 Guardant Net Server includes next files:

e GrdSrv.exe — server Guardant Net (server side);
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e GrdSrv.ini— file with Guardant Net Server settings. Should be
placed in the same directory with GrdSrv.exe (server side);
e GnClient.ini — file with Guardant Net client settings. Should be
placed in the same directory with Dynamics.exe (client side);
e GrdMon.exe — utility for monitoring of the current Guardant Net
server state. Can be used for checking of availability of the Guardant
Net Server and number of available licenses of Dynamics R4 (can be
used only for monitoring of the server launched in the same LAN,
client side);
1.4 Server should be accessible from client by TCP/IP protocol (on
default TCP 3182, UDP 3183, UDP 3184; for http access 3185)
1.5 Run Guardant server software (GrdSrv.exe)

For working of GrdSrv.exe as service it should be launched in console
(cmd.exe) with options GrdSrv.exe /s [q]
2. Client side settings

2.1 Setup Dynamics R4 (run setup_x86.exe or setup_x64.exe)
2) Edit in gnclient.ini (in any text editor) in the installation folder

For example: " c:\Program Files \Alfatran\DynamicsR4\Bin\ gnclient.ini

BC_ADDR=255.255.255.0
IP_NAME=192.168.0.144

In IP_NAME server IP address should be specified.

3) Give write permissions to Bin folder in order to run Dynamics R4.

3-17



User Guide

4  STARTING DYNAMICS R4

4.1  Runingraphical mode

The startup DYNAMICS R4 window is shown in Figure 4.1.

WA - (TS3rened)

o Eie fin wew Tooh Window

[ B =

P frort. support

P1 latine sol beanng.

Froni BF suppee (souine cage]
Engne nurving
Flear GP supporl

PT hstine bal baing
Vasiables

Duten case. BRG]

TRrwo X O= ¥k +w

JLICTLIL] PRI —

Figure 4.1

UM SCAL

The startup window consists of several input and output data areas:
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e The constant  central E— e
window prowdes_ the modeling 5 7 System cloments
process, model displacement and +1-[] InemenThI noACHC TN
outputs the calculation results. +-[X] Ceman
e The right window includes ) [ Harpyara
+| @ HenHHeHHEIE 3NEMEHTEI
tabs [Elements] and [Log] and & roynna
may be opened or closed by the [ variables
user. These tabs may be placed in A % EHFDWW
+ OHEEPTERE!
any part of the screen. 5 [#] Avianv crrvana
+] @ MaTeprans
The [Elements] tab includes Figure 4.2

libraries of elements, links,

algorithms for model analysis and

materials. The tab bottom field displays current information about the
element, or algorithm choice, Figure 4.2.

The [Log] tab may be opened instead of the [Elements]. [Log] displays
current reports of the code in text format. The reports consist of calculation
proceeding, error warnings, fulfilling of the orthogonality conditions, etc.

e The left top window includes the model data, set of subsystems and
elements, materials and the calculation algorithm menu.

e The left bottom window provides input, editing and imaging of
subsystem parameters and algorithm tuning.

NOTE: A user may change the areas sizes or their location with the cursor
using the “Drag & Drop” technology. Text or graphic information may be
changed in a standard way.

The code displays the standard Windows command line and the code status
line shown in Figure 4.3 .

File Edit View Tools Window Help

NEMlsiE ealES 08

Figure 4.3

To open or close the command line, click the command [View]/ [Toolbar].
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The command [File] includes standard commands and the [Reload
subsystems]. This command refreshes the total system model after the
submodels editing.

The [Tools] opens [Options] or [Edit Materials DB] commands.

The [Options] command (Figure 4.4) does preliminary setup the procedure
options.

The options are:

The startup opens the last project opened before the previous shutdown
Matching the main window size at startup

Matching the project window size at startup

Number of files saved in the file list

Switching between Russian and English interface language

Sound notifications upon calculation completion. Different

notifications for successful and unsuccessful calculation

Autosave parameters

settings  (on/off, autosave Oplions .

timer - program restart is Statup actions =

needed after parameter ) Relcad lat poject
. /| Maximize main program window -ance

Changlng) . M aximize project window

b Settlngs for runnlng Of Recent file list conating: 4 files

x64 console solver for models — Sound notfcation

With more than 700_800 @ English V] Entar and Warhing

stations (basis calculation) Fuez visueesse

The following buttons are P

used in the log panel: 2 Tumen osaie

01 Autozave timer in minutes
- [Tab Bar] opens right -
\E\épdow t ] [L i:ct)n;alnlng C:\Pragram Files [xBE]\A\latlan\DynamicsF\4\Ein_x84\\D5l:l
ements] or [Log] tabs
E= - creates and outputs the Fiaure 4.4

calculation result protocol

o

- undoes the last action

~ redoes the previously undone action

6. opens a program window with information about default configuration
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4.2 Run in command line mode

Dynamics R4 can be used in command line mode. To this end one has to
execute the DynConsole.exe file in Windows command line, or
x64/DynConsole.exe for the 64-bit version. DynConsole.exe has the
following arguments: [model file name] [-optionl] [-option2] ..., where
[model file name] — a *.rdm project file name. If the program is run with no
options specified, the entire set of the algorithms added previously by the
user to the *.rdm file will be executed (see paragraph 6.1 for detailed
information about the project structure). As the computation has completed,
the dialog box of the output protocol data selection will start. This default
behavior can be altered by the user providing additional options to
DynConsole.exe. There is the list of the available options:

e [-script] — suppresses the protocol dialog box appearance after the
calculation has completed.

o [-script [-result_file output_file_name]] — generates the protocol and
saves it into “output_file name” file (.txt extensions will be automatically
appended) after the calculation has completed.

o [-script [-result_file output_file_name] [-result_file_extension
output_file_extension]] - generates the protocol and saves it into
“output_file name.output file extension” file after the calculation has
completed.

e [-run_script [script file name]] — run a Python script that uses the
simulation command interface (see section 21) to automatically modify the
model, and then start the model calculation.

To view DynConsole.exe help run DynConsole.exe [-? | -help].
To check the program version run DynConsole.exe [-V].

Examples:
DynConsole.exe -V
DynConsole.exe test_cfg.rdm
DynConsole.exe test_cfg.rdm —script
DynConsole.exe test_cfg.rdm -script -result_file test.txt
DynConsole.exe test_cfg.rdm -script -result_file testOutput -
result_file_extension log
DynConsole.exe test_cfg.rdm -run_script test.py
DynConsole.exe test_cfg.rdm -force_save -run_script test.py
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5 LOADING AND THE MODEL DATA SAVING

The first step of a user must be selection of an existing project or creating of
anew one:

1. An old project loading. Any old project is loaded with [File]
[Open] command.

2. A new project creation. A new project is created with [File] [New]
command (the active status of program after starting is the
Dynamics R4 project).

3. New or edited project data are saved by [File] [Save] or [File]
[Save as...] commands at any moment including computation
process.

NOTE: When the [Reload last project] option of the [Options] menu is
active, the code loading automatically opens the latest project opened before
the previous code shutdown

In order to load the model developed in the previous version of Dynamics
3.1 program, it should be converted into Dynamics R4 format. For this
purpose the model should be saved in the corresponding converter, which is
supplied to the Dynamics R3.1 users.
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6 PROJECT

6.1 Project data

A project is defined as a structure that includes
information about the object under investigation. The
project includes two main parts — initial data about the
model and set of algorithms chosen by a user for
investigations conducting. There is also an additional
information — materials database and information for
leading of variant calculations.

A project is presented as a hierarchy, or a tree
consisting of structural elements, links between them,
loads, material tables, variables, etc. An example tree is
shown in Figure 6.1

The project tree opens when the project file *.rdm is
loaded.

General data of the project may be opened by
highlighting of the first line in the project menu. A user
may change the default project name [System] to any
other. When the command is done, the window appears
in the left bottom part and shows general parameters
and location of the project (Figure 6.2). The default

values of the global frame location are 0 (zero).
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Figure 6.1
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There are the project data:
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e [Des] - designation of the project file displayed in the first line of

the project tree

e [def_units] - default units for new model objects and output
can be used for short description of the

e [title] - project title,
dynamical model

e [description] -

project  description,

can be wused for

complete description

of the project

e [name] — name of the

project developer

e [modified] - date of

last modification

e [Xxy,z] - system of

translational
coordinates

Des 53 _ful

def urits ...

title 53 _ful

description ..

niamme Leontiew MK

modified 12.11.2006 (10:52:39)

Designation

Defaul unis For new model pbiects and output

Froject tile

Froject description

Date of last modification

|
x 0 wm =] 5 coardinate

¥
z

eps_

eps_2

=

show_IDs

0 wm =y coordinate
L mrm LI z coordinate
o deq =] Rotation about x axis
epsy |0 deq =] Rotation about  axis
0 deg | Rotation about 2 axis
ko

Show inkernal IDs

Figure 6.2

o [eps_X, eps_y, eps_z] - system of rotational coordinates

The default values of linear and angular location of the global co-ordinates
are zero (0) turn and co-ordinate beginning.

NOTE: All the project data are used for protocol preparation

6.2 Units

The system of units is determined by a user. It is possible to choose the
International System of Units (Sl system) or English System of Units. Also
for Sl system a user can change unit m into mm.
On default the new project uses the International System of Units (SI
system). In accordance with this system some units are, Table 6.1:

Table 6.1
length (diameter) mm pressure Pa
clearance mm density kg/m3
mass kg angle rad (deg )
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force N frequency rpm (Hz)
moment Nm magnitude mm
linear stiffness, etc N/m, etc. | velocity mm/sec
linear flexibility, etc | m/N, etc. | acceleration mm/sec?
damping Nsec/m inertia moment | kgm?
static moment kgm

NOTE: Change of the unit system leads to automatic recalculation of
values corresponding to change in parameters

6.3  Warnings and errors

Dynamics R4 checks correctness of input and calculated data. If necessary,
it provides a warning info that does not block calculations. Warning
examples are given in Figure 6.3 and Figure 6.4 .

s A

Errors

Example 1: time proportion range is zero. Further calculati are not p

Figure 6.3

Errors prevent the following calculations.

W amnings

Example 1.5haft 2: rotation speed can not be resolved. For further calculation 0 is assumed

Figure 6.4

Errors are highlighted in red, warnings - in green.

In the regime of modeling (2D window is active) there is a possibility to
move from errors given by the system of validation of the model parameters
to the problem elements. In order to move, you should put the cursor on the
line with the error and click on the [Go] button, Figure 6.5.
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Errors

1 Example 18.Case.Shell 2 7 5: lengthless elements {links, point masses, etc. ) for objects of this type can be|p
2 Example 18.Case.Shell 2 7 8: lengthless elements (links, point masses, etc. ) for objects of this type can be p
Warnings

3 Example 18.Ball Bearing support 5: nonlinear links should have zero length. Check the link connection: R12=[ 0, 0, 0.00052 ] [m]

ned anly at boundary sections
ned anly at boundary sections

Errors z | warnings 1
Figure 6.5

A user can also check a model using the ”Validation”command available in
the context menu of the model tree or program menu [Tools]\[Validate],,
Figure 6.6.

4 Undo Cel+Z | @ File Edit View [Tools] Window Help
= Redo Crl+ D a B | % @ &3 Options
% Cut Ctrl+X |
= Copy _— 2 Ewampls 4 ‘¢ Validate L
= - - Z Link1 Protocol L
C Baste cul+v =] Subspstem 1 = = g
7 Delete C¥ Input spee [ Edit Materials DB 3
|¢ Valiclate ‘ g Mass 13 | @ Runwith console
Beam12
S Convert Beam to Shell = Beam i [F] Matrix calculator
{3 Get Glabal Coardinates £ Beam13 [fF Import bearing from table
Visualisation 3 W Mase131 @ Convertrigid links to springs
# Unbalanc

Figure 6.6
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7 ARCHITECTURE OF DYNAMICAL SYSTEM IN DYNAMICS
R4

7.1  Dynamical systems structural units

A dynamic system model may include the following structural units, Figure
7.1.

Figure 7.1
@ Swskemn elements
e Submodels [Submodel], Submodel
Assemblies [Assembly], B Assembly
Subsystems [Subsystem] appear - Zubsystem

when building the dynamic
system model in Dynamics RA4.

Assemblies [Assembly] and subsystems
[Subsystem] belong to the dynamic system model [System] formed in the
Dynamics R4 environment.

Submodels [Submodel] are stored in external files and are loaded together
with the model opening. A user may operate these structure units without
loading the system model [System].

All structural units of a dynamic system are connected by links. Connection

is done using [Connection point] or by direct definition of the links
boundary sections.

7-27



a4
TRANZIT
L 4 4

User Guide

Pictures below show possible assemblies of structure units within a dynamic

system model.
A system [System] may include a [Submodel], an assembly, a subsystem

and links, Figure 7.2.

1 ] 1 1
Sub-models Subsystems
Figure 7.2

An assembly may include a [Submodel], a [Subsystem], other assemblies
[Assembly] and links between them, Figure 7.3.

Assembly

Figure 7.3

A [Subsystem] is built of linear elements; loads may be applied only to

Subsystem

subsystems, Figure 7.4.

| 1
Linear
Loads
elements
Figure 7.4

A system [System] with unique name is stored in special file.
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NOTE: Any structural element may have unique name given by a user

7.2 [Assembly] element

The element serves for unification of several submodels, subsystems, etc. in
the assembly which is a part of the whole model of the investigated object
as an independent structural unit. The assembly may be edited only as a part
of the whole model. The assembly is defined by its name and position of its
local coordinate system in the global one belonging to the whole model,
Figure 7.5.

Menu symbols Input box
E Bzzemnbly

Des Assembly 2 Designation

x 0 mmjx::cr(lmatﬁ

y 0 mmj;'cccrthnate

z 1] mmd:c:cr(lmat&

.
) P psx 0 deg | Rotation about x 2xis
i“ epsy 0 deg j Rotation about y axis
2 epsz |0 deg | Rotation about  zxis
E link scope [local =] Defines of scopefor |
1 local 3
parent [
ipath to the tf global 3 dialog is opened by the -
[Extended properties] command -
Figure 7.5

Several options define the visibility scope for connection points in the
combo boxes in the links properties (linear and nonlinear). The choice is
possible: [local] — by default, standard behavior like in the old versions.
Only connection points of the current and child assemblies are visible.
[parent] — in additionally points from the parent assembly are visible.
[global] — all connection points are visible.

The order of the elements such as [Assembly] and [Submodel] may be

changed in the model tree. For this the commands of the context menu
“Move Up”, “Move Down” may be used, Figure 7.6.
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- Engine case
= rokar Outer case
rgq] BT rabar —_—
~E | 4 Undo Ctrl+Z
-—FL = Redo Crl+Y
I 7 Cut Ctrl+X
% [ Copy Ctrl+C
([ Paste Ctrl+V :I
@ Delete
Convert Rigid to Spring
E|| Mave Up |
Mave Dawn
Visualisation 3

B bt URbalahce Tesponse | |

Figure 7.6

Change in sequence of structural elements in the model tree helps to change
visualization at assemblies spacing.

7.3  [Submodel] element

The element [Submodel] is for composing of several assemblies and/or
subsystems into a submodel. The submodel is assigned by its name and the
local coordinate system defining its position in the global coordinate system
of the whole model, Figure 7.7.

Menu symbols Input box
Subrnodel
Des PT rotol Designation
P u] mm ;I w coordinate
.# ¥ b I =y caordinate
‘%,-Vg ! z 245 mm LI z coordinate
h“ [ ] EpS_x% u] deg LI Rotation about x axis
f i Eps_Y u] deg LI Raotation about v axis
§ eps_z i} deg ;I Rokation about z axis
file_name D:iuser\ROTOR PT_TS3_10092006,rdm File narme
Figure 7.7

When a submodel is added, its location in the file structure should be given.

For this purpose:

e Highlight the submodel in the main project tree, Figure 7.8.
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T53 ful

GP rotor
PT rotor

X P hont suppart

" PT tubine roll beating

‘X Front GP support (squine cage)
‘X Engine mounting

-E Rear GP support

~&  PT turbine ball bearing

-[B] Variables

Engine case

i

Visibility |0
‘

LICLELTY ROTOR HP_T53_10092006.rdm|

- 6P Materials

-2 Groups

-[T&] Agorithms -
Des 6P rotor Designation
x (] mmjl(ﬂﬂld”h\(e

0 mm |y coordinate

z 350 mmﬂ:(eﬂlilwmte
epsc 0 deg =] Rotation about x ax
piy 0 deg | Rotation abouty 2
piz 0 deg | Rotation aboutz ax

File name

Element Visibility
m L3

commatd

path to the the file, opening dialog is opened by the [Extended properties]

Figure 7.8

e  Show the submodel path in the [file name]
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The file opening dialog is opened by the [Extended properties] command.

To do it, select the input field with the cursor and press the right mouse
button. Then find the required file with standard actions, Figure 7.9.

Open

=

Look jn

2

My Recent
Documents

@

Deskiop

My Documents

-
]
L
My Computer

«)

My Metwark

5 vig_user quide <] &2

CASE_TS3_10082006.rdm
ROTOR. HP_T53_10092006. rdm
ROTOR. PT_T53_10032006. rdm
T53_Full_14102008 rdm

File name: ROTOR PT_T53_10092006.rdm hd

Cancel

Files of type: Dynamics Files () |

Figure 7.9

This procedure is to be repeated for all submodels. If a submodel path or the

related configuration

are changed the commands [File],

[Reload

submodels] should be done. As the result the project model will be renewed
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by the re-edited models. The current submodel can also be renewed if
choosing the command [Restart submodel] in the context menu of the
element.

NOTE: If the submodel path consists only of a file name, the system
attempts to open submodel in the catalog where the main model is placed

NOTE: Editing of sub-model in systems and assemblies is blocked

7.4  [Shaft] element

A subsystem or shaft is a structural element built of simpler elements -
beams, shells, discs, etc. The location of a subsystem is determined by a set
of linear and angular coordinates, Figure 7.10.

Menu symbols Input box
Des MoacHcTeMa 1 Designation
« P F—
;"F Shal:t Y 0 mm ﬂ Y KOOPAMHATE
2 40,0544 mm ¥z koopanHata
eps_x O deg Tl NosopoT noacvcTems! Bokpyr ot X
epsy O deg ¥l MNosopoT noacvcTems! BorpyT ook ¥
epsz O deg Tl Nosopot noacvcTems! Bokpyr ot 2
m i material saaaeTea nomaosatenen 7| Buiiap warepnana
i{ I-'T: 1 E E 2.1e+011 Nimz =l Moy ypyrocTh
i“ e MWue 0.3 KoathdmumenT Nyaccona
2 . 3 tho 7850 kgim3 | nnorrocTs warepuans
Ln_dec O NorapHBHMIECKHE ASKPEHEHT
Figure 7.10

A subsystem material may be either defined by a user or chosen from the
database. On default a subsystem material is given to all elements belonging
to a subsystem.

The [cs] parameter is used by all the program algorithms. Its purpose is
splitting of long cylindrical beams and cylindrical shells into short segments
(beams/shells). This process improves accuracy of simulating of real beam
structures due to fuller consideration of inertial parameters at discrete
modeling.
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Splitting of beams after specifying the [cs] value is carried out
automatically. The [cs] value is assigned in mm and determines the length
of parts which the long beams are divided into.

NOTE: Beam elements and cylindrical shells are automatically divided in
points of links attachment or point elements setting

To add a subsystem, a user applying the “drag and drop” technology
transfers element from elements library to a central window. The coordinate
axes and [Beam] element is appeared in a central window.
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8 SUBSYSTEMS ELEMENTS AND THEIR PARAMETERS

Subsystem is a part of a dynamical system. For
example, for a twin-shaft gas turbine engine three
subsystems can be determined — low pressure rotor,
high pressure rotor and case with mounts.

Subsystems are connected with each other by links
that describe characteristics of supports, structural
members, a hanger, etc.

In the program library the subsystems elements are
represented by the following strings, Figure 8.1.

8.1  General properties of the elements and
their parameters

- [#F] Subsystem elements
Kinematic joint

£ Beam
£] Shell
£33 Shell with flange
I Disk
@& Mass
=2 Generalized element
= Q Coupling
@) Trunnion coupling
Figure 8.1

Each element is assigned by the set of parameters that defines its location in
the model or in the subsystem. Some of the parameters have the same

names and meanings for all elements, Table 8.1.
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Table 8.1
Parameter Description
Des On default the variable has the text value [Name_Number]. The Number
indicates the sequential number of a standard element in a model.
For example, [Beam 12].
A user can change the name of an element by any other
Material The variable indicates the way to define the material properties: from data
base; by direct input of data; one material is defined for all subsystem
elements
segRef The variable indicates the way to describe element: its position and
geometry. In the first case it is possible to set length of the element by means
of start and end coordinates [z1] and [z2]. The variables can be edited.
In the second case a user can set the length of the element by means of the
variable [Is]. Variables [z1] and [z2] are not edited.
Is Length of element. Variable [Is]can be edited when [segRef] is [length]
z1 Coordinate [z1] indicates the position of left side of element in direction Z.
1. Z2 | Coordinate [z2] indicates the position of right side of element in direction Z.
Type The variable defines different characteristics of elements, for example:
e  for beams and shells — cylindrical or orthotropic
e  foran abstract element — isotropic or orthotropic
e  foralink — isotropic or orthotropic, etc.
Conn_type The variable specifies a type of connection of subsystems with each other
- [via body] — the connection is defined without additional conditions. The
point of connection is determined by the subsystem name and z coordinate;
- [via connection point] — the connection point must be determined
beforehand. The point is specified by the subsystem name
sidel_subs The variable indicates a subsystem to connect the boundary section 1 of the
link. On default the subsystem is a foundation (zero subsystem)
side2_subs The variable indicates a subsystem to connect the boundary section 2 of link.
On default the subsystem is a foundation (zero subsystem)
UT x Displacement along X axis
UT vy Displacement along Y axis
UT z Displacement along Z axis
UR x Rotation about X
UR_ y Rotation about Y
UR z Rotation about Z
2. D* | The variable defines the inner size of a link in a model. The size value is
used only for link visualization
D* The variable defines the outer size of a link in a model. The size value is
used only for link visualization
B* The variable specifies the width of a link in a model. The size value is used
only for a model visualization
t_st_type The variable gives a way to define initiating time (start time) of the force:
- [real] uses [time parameter] from element [Kinematic joint]
- [relative] uses integration time given in [Transient response] algorithm
t st rel Initiating time of a force (proportion start time)
t st real Initiating time of a force (real start time)
E Modulus of elasticity
Nue Poisson's ratio
Rho Material density
Ln_dec Logarithmic decrement
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NOTE: If a link is inclined its stiffness coefficients are determined under
assumptions of the first border section sides 1 fixing and the second sides 2
loading

NOTE: Flexibility matrix in lengthy elements is obtained under conditions
of restraint of the left boundary section 1 and loading of the right section 2

NOTE: AIll dimensions of an element are given in a local system of
coordinates

At double click by left mouse button on the area with the name of the
parameter where the variable is attached, the window of characteristics of
the linked variable will be activated

? Example 4
X Link1
—--—F Subsystem 1
; Input speed 1
oo i Masz13
I AN
Des Input speed L Hasparue
z 0 mm ﬂ 7 KOOpAMHATA
m Subsystem LInput speed L| L'min ﬂ YacToTa spalLgHis
o L] mm jHapulelﬁ,ym.lﬂ

Visibility |0 MpozpaunocTs ane

Figure 8.2

At double click on the name of the link attachment area, move to the link
point or the closest element in the subsystem takes place.

Output of calculated parameters (mass-inertia, flexibility) for line
elements ([Beam], [Shell], [Shell with flange]) is available in [El. results]
dialog (Figure 8.3) since Dynamics R4.11. These parameters are also
accessible via [Protocol] functionality.
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Element results (Bean) L

Is [8000 |mm | Length of clement EarE T B EET

m 443907 kg = Mass m fa]
!

mi |21953 kg =l masst o

m2 (21953 kg | Mas2 {].Dl m \ e Ja
ANA
'RARY

LG [4000 mm =l Center mass coordinate ar wZ |- S
6cz/4000 | mm | Center mass coordinate Z PR i s
o |23700 kgm2 ¥k 22
o |23700 kgmaxlyy sty sslnz

5 |ass38s kgm2 =l | . f—f
Tl 11850 kg mle

w1850 | kgm2 >l

2124989 kgm2 Tl

1 [4430.07 |kgm ] Static moment of inertia 1
2 1850 kgm2 xlse

[Element [Beam] is axis symmetric (sotropc) element. The symmetry 2xis s Z. Element can be cylndrical or
lcorical, with inner hole, or withoutinner hole

2 1180 kg mzﬂgz [inx = [y = |
Jz2 249698 kgm2 T1iz2 = = = —
52 |-443007 kgm | static moment of inertia 2 mm S i =lioa =

BN loowwses o 36324007 0

2N | 538937007 0 0

Ly W 9.58111e-008 0

e Jnm oy 1.24554e-007

Figure 8.3

NOTE: You can switch to the previous active element by clicking
ctrl+shift+z. To the next one - ctrl+shift+y.

Sometimes it is required to add an additional section in the model, not
applying automatic subdividing of beam and shell elements. Or it may be
required to divide elements which can’t be divided automatically. For
cylindrical elements it may be done before using the elements copy-paste
function.

Now at double mouse click the dialog window (Figure 8.4) appears. There
it is possible to edit the coordinate of the element insert either in the local
coordinate system or in the global one. The section insert into the global
coordinate system may be useful at setting the section for the link
attachment at the regime [via body], when the coordinates are given in the
global coordinate system of the model.

This functionality may be also used for approximate coordinates obtainment
in the model.
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Jobasute Deuenuel ‘h X

KoopawHaTa B nokansHoi CK

3455.04 mm

KoopauHaTa B rnobansHoi CK
3455.04

NOTE: Parameters not relating to the geometry of the lengthy element will
be duplicated.

NOTE: Pressing of Ctrl+2 or Ctrl+4 for active parameter in element
property table leads to appropriate multiplication. Simultaneous pressing of
ctrl+shift+2 or ctrl+shift+4 leads to appropriate division. Functionality is
intended for data input from drawings (for example, radius input, or
drawing scale consideration)

8.2 [Kinematic joint] element

The element defines rotational speeds and speed ranges of the subsystem. It
is used for rotating and non-rotating subsystems, Figure 8.5. In last case
rotation speed is always zero.
The law of changing rotational speed versus time may differ:
e auser can input constant rotational speed of rotating subsystem. In
this case it is impossible to calculate the critical speeds;
e auser can define rotation speed of a rotor versus time varying from
0 to maximum. Data input is carried out by means of [Variables]
commands.
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Menu symbols Input box
G’ Kinemakic joink
Des Kinernatic joint 2 Designation
z 0 mm | 2 coardinake
omega_z 0 1fmim | Welocity about z direction
D 0 mm | Ouker diameter
Figure 8.5

Input of rotational speeds is carried out using the following steps:

1. A user adds [Kinematic joint] element in the corresponding subsystem.
On default the name of element is the name of subsystem.

matter

NOTE: For given element the place (coordinate z) in the subsystem does no

2. A user creates new variable by means
of commands [Variable], [Value
variable]. In the left lower window the
[Value variable] input box is appeared
Figure 8.6.

Des Designation
wvalus ﬂ Yalus

Figure 8.6

3. Using the right mouse button, a user opens list of the following

commands, Figure 8.7.

4. Using the command [Extended
properties], a user can open the [Value
parameter] input box, Figure 8.8 .

The input box is opened by the mouse
left button click.

Des Designation

wvalue F .

Extended properties

Attach external variable
Detach external variable

Figure 8.7
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NOTE: It is recommended to name all [Value variables] elements in
correspondence with the name of variable parameter

Terreioenm =
G 1o £
pavametsr  Valus variable s E
PRETE:
| 1025 £
= E
1000
Move up - E
gk
Mowe down o E
= 850 £
a25 £
I 0.0 O T T I T
Timeindepended value time
:
Figure 8.8

5. Then a user adds the corresponding number of time parameters. For them
the variable value [Value variable] will be obtained, Figure 8.9

Number of points, addition, movement, etc. may be controlled by buttons.

NOTE: [time parameter] (noted as t_pr in the algorithms settings) is an
abstract parameter that can bring to the same scale change in the parameters
that are different in their physics.

Table 8.2 gives different variants of assigning law of change in rotating
speed. All of them define acceleration from 0 to 10000 rpm. In (1) variant
parameter t_pr represents rotating speed. In (2) variant percentage at the
regime is shown, in (3) - modified speed. If at run-up the rotor accelerates
up to 10000 rpm for 12 sec, (4) variant allow parametrizing the parameters
at the test time (it can be useful in the [Transient response] algorithm])

Table 8.2
1 2 3 4
t pr | Value | t pr | Value | t pr | Value | t pr | Value
0 0 0 0 0 0 0 0
10000 | 10000 | 100 | 10000 1 10000 12 10000
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il e T B1 T cy
Characteristic curve
e HP_HP 20000 E
parameter = 17600 -
a 0 c
ZGGGG 15000 E
o500 £
10000 £
g oo
5000 &
D_IIII\I\III\\HIIIIIHII
a 2500 5000 7500 10000 12500
Timeindepended value time
” () (o) T
Figure 8.9

The window buttons give opportunity to control the input and editing
processes.
Fields under the plot allow to know interpolated value of the function or the
argument.

6. The last step is connection [Value variable] to variable parameter
[omega_z ]. A user opens the [Kinematic joint] element and executes
the command [Attach external variable],Figure 8.10.

Des HF Desigration

H 0 mm |z coordingte
omega_z e Lt
- LS L_| Extended properties

o Atkach external variable

o]
- Detach external wariable

Figure 8.10

NOTE: If in a subsystem the [Kinematic joint] is not defined, the
subsystem speed is assumed to be equal to 0. This assumption generates a
corresponding warning
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NOTE: If a subsystem speed is constant, it may be directly input in the
element parameters line besides the [Extended properties] command

8.3 [Beam] element

The element [Beam] is an axis symmetric (isotropic) element, Figure 8.11.

Menu symbols Input box
'E' Beam Des Eeam_1 Designation
seqRef | length LI Measurement
Is 29 i ﬂ Length of element
X z1 56 mm ﬂ Start coordinate
4 a5 T LI End coordinate
‘TDz Type Cone LI Type
DI - _L dl 26 mm LI Inner skart diameter
df d2 z 3 40 T ﬂ Outer start diameter
zI Is dz 26 mm LI Inmer end diameter
z2 oz 40 T ﬂ Outer end diameter
material | From datsbase LI Material
material | tikan LI Material from database
Figure 8.11

The element can be cylindrical or conical,
with or without inner hole. Cross-sectional
area changes linearly. Using [cs] of the
[Options] command, the automatically
subdivision into shorter parts may be done.

For each individual beam the elastic and mass
parameters are computed and can be observed
in the protocol output.

UTx
URk (Ri-"
| URz
e
| i e
ol < Utz
Uty URy
Figure 8.12

The rule of signs for determining of elastic coefficients is shown in

Figure 8.12.

8-42



a4
TRANZIT
A S 2

User Guide

NOTE: For thin-walled conical sections elements [Shell] should be used
instead of [Beams]

NOTE: On default all beam elements are calculated with consideration of
shear deformation

The commands to convert elements from one type to another were added
into the context menu of beams and shells, Figure 8.13

. Thin-shelled elements of cases and journals should be simulated by shell
elements. If on the modeling stage they were simulated by beam elements,
they may be substituted using the commands in the context menu.

Validate J o Validate

|§: Convert Beam to Shell | |@ Convert Shell to Beam
{5 Get Global Coordinates {e Get Global Coardinates
Visualisation » Visualisation 3
Figure 8.13
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8.4 [Beam Bimetal]

[Beam Bimetal] - is an axis symmetric (isotropic) element, Figure 8.14.
Allows to set various properties of materials in the radial direction.

Menu symbols Input box
-3 Beam Bimetal Des Bearn Bimetal 1 Designation
segRef  |zlandz2 j Measurement
Xn Is 100 mm ﬂ Length of element
‘TW z1 0 mm d Start coordinate
DI - _:f_‘ z2 100 mm j End coordinate
ar 42 z Type Cone ﬂ Type
z1 Is dl 0 mmd\nnsrztartdwam&t&r
12 D1 50 mm j Quter start diameter
d2 0 mmﬂ\nnerend diameter
D2 50 mm d Quter end diameter
D1_in 40 mmj Inner part - Outer start diameter
D2_in 40 mm j Inner part - Outer end diameter
material |... material
el. vis. color... el. vis.
Visibility |0 Element Visibility
el. vis. color... el. vis.
El results|... El. results
Figure 8.14

The element can be cylindrical or conical, with or without inner hole. Cross-
sectional area changes linearly. Using [cs] of the [Options] command, the
automatically subdivision into shorter parts may be done.

Material properties are set in the dialog (Figure 8.15) called by double
clicking on the [material] parameter or from the context menu of the
parameter.

Materials properties of Bimetal clement X
Inner Material Outer material

material Like subsystem | Material material Like subsystem | Material

E 21e+11 nim2 = Medulus of elssticity  |E 21e+11 wim2 2] Modulus of elasticity
Mue 03 Poisson's ratio Mue 03 Poisson's ratio

rho 7850 kg/m3 | Density rho 7850 kg/m3 =l Density
Ln_dec O Logarithmic decrem: Ln_dec 0 Logarithmic decrem:
< > < >
oK | Cancel |
Figure 8.15
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In addition to bimetallic shafts (for example, gear wheels), the element is
suitable for modeling a distributed mass that is not involved in the main
stiffness of a shaft or housing. For example, in generators and electric
motors. Suitable for modeling attachment parts made of different materials

mounted with interference.

8.5 [Beam MKD]

[Beam MKD] - is an axis symmetric (isotropic) element, Figure 8.16.
Allows you to set different diameters for stiffness and mass characteristics.

The element can be cylindrical or conical, with or without inner hole. Cross-
sectional area changes linearly. Using [cs] of the [Options] command, the
automatically subdivision into shorter parts may be done.
Mass diameters are set larger or equal to the stiffness ones. But the

calculation will be carried out correctly for arbitrary ratios of diameters.

Menu symbols Input box
] Bearn MKD Des Designation
segRef  z1and 22 ﬂ Measurement
Is 100 mm ﬂ Length of element
zl 100 mmﬂ Start coordinate
200 mm =] End coordinate
Tpe  Cone =l Type
di_M 0 mmﬂ Inner start mass diameter
D1_M 50 mm ﬂ Outer start mass diameter
di_s 0 mm j Inner start stiffness diameter
Dis % mm 7| Outer start stiffness diameter
d2_M 0 mm ﬂ Inner end mass diameter
DZ_M 50 mm ﬂ Outer end mass diameter
d2_§ 0 mm ﬂ Inner end stiffness diameter
b2s 50 mm 7 Outer end stiffness diameter
material | Like subsystem | Materiel
el. vis. color... el. vis.
Visibility | 0 Element Visibility
el. vis. color... el. vis.
El results | ... El results
Figure 8.16

The element is suitable for implementing the recommendations of the API

standard (Figure 8.17).
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Figure 8.17

Element visualization can be separately configured for mass-inertial and
stiff parts (Figure 8.18).

a1 v

Figure 8.18
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8.6 [Shell] element

Menu symbols Input box
Des Shell 2 Designation
segRef |zl andz2 ﬂ Measurement
=]} shell Is 0 mm = Length of element
7l 100 mmj Start coordinate
z2 100 mm j End coordinate
bl 2 mm d Start thickness
by |X¥) b2 . .
I —_— D1 50 mm j Middle start diameter
J____——:!:_—'f‘_’ d
F:_:"-_;—'_F b2 2 mm End thickness
D2 50 mm ﬂ Middle end diameter
- material | Like subsystem j Material
DI D2 - -
Visibility |0 Element Visibility
% red 196 Red color component
z  R——
green |196 Green color compaonen
zz blue 196 Blue color component
Figure 8.19

The element [Shell] is an axially symmetric (isotropic) cylindrical or
conical element, Figure 8.19. built around the symmetry axis Z. Cross-
sectional area changes linearly. Geometry is defined by the length, middle
diameter and shell thickness in the start and end section.

Starting from 4.8.8 version, cylindrical shells may be automatically divided
into subsections depending on the settings of the [shell autosplit] parameter
in the root element [System] of the model tree. The parameter [without cs]
- subdividing takes place only where links and point elements are set. When
choosing [always] - the parameter [cs] of automatical subdividing of the
subsystem elements will be taken into account additionally.

The shell element simulates behavior of the conical shell elements of the
design from flange to flange (between stiff sections). It is not recommended
to divide conical parts between flanges without validation in FEM.

NOTE: To simulate thin-walled conical elements of the design, the [Shell]
element should be used
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8.7  [Shell with flange] element

Menu symbols Input box
Des Shell with flange 1 Designation
E_ Shell with FIEI‘IQE—' segRef |zl and 22 ﬂ Measurement

= Is 100 mm ﬂ Length of element
7 0 mmﬂ Start coordinate
z2 100 mm ﬂ End coordinate
b 2 mmﬂ Thickness
D 5 mm 7| Middle dismeter
a 5 mm ﬂ Width of flange
h 10 mmﬂTh\:knez: of flange
material | Like suhsystamﬂ Material
Visibility | 0 Element Visibility
red 196 Red color component
green 196 Green color componen
blue 196 Blue color component

Figure 8.20

The element [Shell with flange] is an orthotropic element, Figure 8.20. It
can be only cylindrical. The element is used for modeling of split
compressors of gas turbine engines and turbochargers with longitudinal
flanges.

8.8  [Squirrell Cage (Full matrix)] element

[Squirrell Cage (Full matrix)] - a special element in DYNAMICS R4 for
modeling the stiffness of an elastic support of the “Squirrell Cage” type. It
is an extended element of the subsystem. The specified parameters (Figure
8.21) make it possible to obtain a complete compliance matrix. Additional
parameters for design can also be obtained.

To calculate the coefficients of the flexibility matrix, the numerical-
analytical method proposed in [10] is used. The assumption that the cross
section of the elastic elements has a rectangular shape. It should be borne in
mind that the manufacture of a squirrel wheel using a cutter will give a
rectangular hole shape and a trapezoidal cross-section of elastic elements. In
this case, the width of the elastic elements is set according to the average
diameter of the squirrel wheel. Or it is automatically calculated when
specifying the hole width [b_hole].

The [Yes/No] switch of the [add output] parameter allows you to show
additionally calculated parameters for the “squirrel wheel”, Figure 8.22.
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Menu symbols Input box
Des Squirrel Cage (Full matrix) 1 Designation
segRef zlandz2 hl Measurement
B Squirrel Cage (Full matrix) s 100 mm 7| Length of clement
2 0 mm | start coordinate
2 100 mm j End coordinate
width for [N - | Choose bar or hole width input
A-4 bhole |8 mm 7| squirel cage hole width
a b 336279 mm | Bar width 1
h 38 mm j Bar height 1
2 v 4 mm =] Squirrel cage bar rounding radius
n P Number of bars
Deage 132 mm 2| Squirrel cage diameter 1
material Like subsystem j Material
2 add output No = show additional output
kr 164981406 N/m ] siffness coefficient
Visibility 0 Element Visibility
el. vis, color... Element visualisation
EL results Element results
Figure 8.21
yes =l show additional output
delta 0.1 mm | Radial clearance.
F 2000 N | icad in racial direction
ut 121226 mm | Radial deflection
max stress | 20,8101 WPz | Maximal atterating stress, e=1
stress 361.375 MPz j Stress due to load.
Fmsx 164981 N | Max load in radial direction.
K 1649812406 N/m = stiffness coefficient
Visibility |0 Element Visibility
elvis.  color.. Element visualisation
El results .. Flement results

Figure 8.22

By double clicking on [ELI results] (Figure 8.22) or using the command in
the context menu on the field [...] you can view the resulting squirrel cage
flexibility matrix.

The parameter [Kr] is the radial stiffness of the squirrel wheel for the case
of application only by radial degrees of freedom in connections with zero
distance between connection nodes. Corresponds to the inversion of the
radial flexibility coefficient. The complete stiffness matrix for coupling with
non-zero node spacing (Figure 8.23) can be obtained by inverting the
flexibility matrix.
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Figure 8.24

8.9 [Disk] element

The element (Figure 8.25) simulates typical compressor or turbine stages.
A disk is defined by inertia characteristics - mass, transverse and axial
moments of inertia and a width between two boundary sections which the
other elements are attached to.
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Menu symbols Input box
E Disk. Des Disk. Designation
seghef length LI Measurement
ls 575 mm LI Length of element
114 z1 259 Tin LI Stark coordinate
m 22 316.5 mm LI End coordinate
n* fx m 8.92 kg LI Mass
Jz tvpe Isatropic ﬂ Type
" M 7 T 0.0183 kngLIJx
d* * 1z 0.0336 kngLIJz
z2 == d* 28 mm LI Inner diameker
[ 200 mm LI Ouker diameter
Figure 8.25

A user can change the form of the disk by means of d* and D* sizes. These
values are used only for visualization purpose.

8.10 [Mass] element

The [Mass] element models the mass element concentrated in a point,
Figure 8.26. It is defined by inertial parameters. It does not have length.

Menu symbols Input box
ﬁ Mass Des  Mass_1 Diesignation
21 149 i ﬂ Start coordinate
Z m 6,632 5] LI Mass
D* &Nk type | Isotropic LI Type
| z ] kgmz =] 3¢
Jz  |0.027 kg mz2 LI Jz
— ] o* |20 mm ﬂ Outer diameker
Figure 8.26

8.11 [Mass pedestal] element

The [Mass pedestal] element models the mass element concentrated in a
point, Figure 8.27. It is defined by inertial parameters. It does not have
length. Allows to define different mass values in radial and axial directions.
Intended for simulation of foundation (pedestal) natural frequencies for
reduced model.
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Menu symbols Input box

-¢ Mass pedestal Des | Mass pedestal 6 Designation
71 0 mm j Start coordinate
e |100 kg | Wass in X direction
my 110 kg ﬂ Mass in ¥ direction
mz |80 kg 7| Wassin 7 direction
Jx 100 kgm2 | b
Jy 100 kgma | iy
2 100 gm2 |1z
R* 0 mm j Fictive radius
Visas | default <) Element Visualisation as...
Visibility | 0 Element Visibility
Figure 8.27

8.12 [Generalized] element

Generalized element (Figure 8.28) is used to model a complex element of
dynamic structures which properties are known from tests or FEM
programs. It can be specified either as an orthotropic or isotropic element.
The element can be reduced up to absolutely rigid or up to flexible massless
mode.

The input data are length, mass, inertia moments, matrix of flexibility
coefficients. Mass center is specified with the distance from the left side of
element.

The variable [inertia_cos] gives the way of inertia parameters modeling.
The mass can be set in the mass center of the element, or partitioned for
both of the element ends. In the latter case the static moments are also
defined for the both of masses.
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Menu symbols Input box
- E abstract element Des MasslessElement _1 Designation
seqhief lenath LI Measurement
Is g5.5 mm ;I Length of element
z1 52 mm LI Start coordinate
22 mm LI End coordinate
X [a] type lLl Type of element
i i bype Isotropic ;I Type
ﬂ. - D7z inertio_cos  center of mass %] Coordinate system for inertia properties
m 0 ka LI Mass
z! L La a mm LI Center mass coordinate
z2 T 0 gmz =] 1
% ) Kgmz =] 1
Flex_matrix | .. Flexibility matrix
o 140 mm =] outer dismeter
Ln_dec 1] Logarithmic decrement
Figure 8.28

The elastic properties of the element are defined by a symmetric flexibility
matrix (isotropic or orthotropic), Figure 8.29. Selected on the figure
elements are taken into account. The others are neglected.

Designation of rows and columns were changed since Dynamics R4.11
version. Displacements and rotations are in the rows, loads in the columns.
Order of coefficients in flexibility was not changed.
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B Matrix X
‘ Fx | F2 |My Mz ‘ oK
M ;I N ;I Nm d Mm ;I Cancel
Detach extemal ...
B Matrix X
| [Fy | [ e My Mz ‘ | oK |
M ﬂ N ;I N ;I MNm ;l MNm ;l Nm ;|
PP, 0 0 0
ut_z m LI 0 0 0
ur_x rad LI 0 0 Detach extemal
ury rad LI 0
Figure 8.29

The coefficients of the matrix are defined accordingly to sign rule

represented in Figure 8.12.

NOTE: At input of the flexibility matrix its coefficients must be in a
correspondence with each other. The coefficients should reflect real
properties of the design described by this element

NOTE: If mass characteristics are determined at the mass center of the
generalized element, then mass characteristics are set at the left section of
generalized element. If this section is rigid mass characteristics are not
taken into account in calculation

Description of the element parameters is given in the Table 8.3.
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Table 8.3
Name Parameter description
Type The variable describes the element type. The following
versions are available:
General, - General form element,
Massless - Zero inertia element;
Rigid - Zero flexibility element.
The editing table opens only parameters required for this type
of element
Type The variable describes symmetry of the element properties:
- Isotropic one has circular symmetry versus the Z axis; the
Isotropic, parameters with “y” index are automatically initialized by the

Orthotropic

parameters with “x™ one and not accessible for editing,

- Orthotropic one has two orthogonal symmetry planes. The
parameters are defined separately in YOZ and XOZ planes in
the local co-ordinate system and may differ.

inertia_cos

Boundary,
Center of mass

The variable describes the inertia parameters of the model
with the following options:

- The inertia properties are concentrated in the element center
of mass,

- The inertia properties are distributed between the ends,

- Distribution is defined by a user

m Element mass

LG The Z-coordinate, distance between the element left end and
its center of mass.

Jx Mass moment of inertia about the X axis

Jy Mass moment of inertia about the Y axis

Jz Mass moment of inertia about the Z axis

ml Mass in the element left end

JIx1 Inertia moment of the element left part around the X axis in
the general co-ordinate system XYZ, located in the left
section

Jyl Inertia moment of the element left part around the Y axis in
the general co-ordinate system XYZ, located in the left
section

Jz1 Inertia moment of the element left part around the Z axis in
the general co-ordinate system XYZ, located in the left
section

S1 Static moment of the element left part around the X, Y and Z
axes located in the element left end

m2 Mass in the element right end

JIx2 Inertia moment of the element right part around the X axis in

the general co-ordinate system XYZ, located in the left
section
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Jy2

Inertia moment of the element right part around the Y axis in
the general co-ordinate system XYZ, located in the left
section

Jz2

Inertia moment of the element right part around the Z axis in
the general co-ordinate system XYZ located in the left section

S2

Static moment of the element right part around the X, Y, Z
axes located in the element left end.

dUTx/dFx

The direct coefficient of force flexibility, links the right end
displacement in X direction to the load applied along X axis;
the left end is fixed

dUTx/dMx

The cross-influence coefficient of flexibility links the right
end displacement in X direction to the moment applied
around X-axis; the left end is fixed

dURX/dMx

The direct coefficient of moment flexibility links the right end
angular displacement around X axis and the moment applied
around X-axis; the left end is fixed

dUTy/dFy

The direct coefficient of force flexibility links the right end
displacement in Y direction and the load applied along Y-
axis; the left end is fixed

dUTy/dMy

The cross-influence coefficient of flexibility links the right
end displacement in Y direction and the moment applied
around Y-axis; the left end is fixed

dURy/dMy

The direct coefficient of moment flexibility links the right end
angular displacement around Y axis and the moment applied
around Y-axis; the left end is fixed

dUTz/dFz

The direct coefficient of force flexibility links the right end
displacement in Z direction and the load applied along Z-axis;
the left end is fixed.

dURz/dMz

The direct coefficient of moment flexibility links the right end
angular displacement around Z axis and the moment applied
around Z-axis; the left end is fixed.

D*

The variable sets the abstract element size, or diameter for the
model visualization

8.13 Visualization
elements

of the [Disk], [Mass], [Generalized element]

Starting from Dynamics 4.6.5, there is a possibility of extended setting of
visualization of the [Disk], [Mass], [Generalized element] elements. In
addition to displaying elements “on default” [standard], there is a possibility
of advanced setting in the [disk] and [file] modes.

For the [Disk] element the [standard] and [disk] modes may be used more
often. The [disk] mode allows setting dimensions of hub and rim diameters,
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blades height. The predominant choice of settings for this element is the
[whole] mode. In this regime both 2D visualization parameters and
displaying of 3D model from file in the VRML format may be adjusted. If
the directory is empty, 3D visualization is done automatically on the basis
of the given dimensions of the disk.

For the [Mass] and [Generalized element] elements the [disk] and [file]
visualization modes may be useful. In the [file] mode the element’s 3D
visualization may be accomplished by displaying the 3D model loaded from
the file in the VRML format. In this case 2D displaying is shown by the
rectangle of the given dimensions. When loading from the file the setting of
a scaling factor of 3D model ([to_m_factor] — a factor of converting the
model units in meters) may be required. Complex design elements (for
instance, the fan disk, complex elements of supports) changing the typical
product appearance may be visualized from the file. To specify mass-inertia
and elastic design characteristics with the input of the obtained data in
[Generalized element] it is preferable to load visualization of such
elements from the file.

The [Mass] element may be successfully used to set the mass-inertia
characteristics of disks and their extended visualization. The [without rim],
[without hub], [blades only] modes may be used together with beam
elements. For example, the hub (if it belongs to the load-bearing contour)
may be simulated by the beam element with no density and the
corresponding modulus of elasticity. The [blades only] mode is used if the
web and hub of the disk are absent (for example, blades are placed on the
compressor).
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The following alternatives are shown by figures in Figure 8.30:

1.
2.

3.
4.

8.14

Visualization of mass as disk in the [whole] mode

Visualization of mass as disk in the [blades only] mode. The part
of the compressor is simulated by the beam elements

Disk visualization in the [standard] mode

Visualization of mass as disk in the [without rim] mode. The rim
is simulated by the beam element.

Visualization of mass as disk in the [without hub] mode. The hub
is simulated by the beam elements

Disk visualization in the [file] mode with 3D display of the fan
model.

Visualization of the generalized element in the [file] regime with
display of load-bearing case elements.

[Coupling] element

General case

Axis symmetrical (isotropic) or orthotropic element allows introducing
moment and torsion flexibility concentrated in the point, Figure 8.31. It is
possible to model local flexibilities such as bending flexibility of flange

joint.
Menu symbols Input box

@ Coupling
Des Coupling 30 Designation
z1 355.267 T LI Start coordinate
dURz/dr 0 1/M*m j Flexibility about x-axis
[l ] T LI Cuter diameter

Figure 8.31

NOTE: Do not use orthotropic moment flexibility for rotating rotor.

The visualization of a coupling element used in a 2D model is shown in
Figure 8.32.
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Figure 8.32

Trunnion coupling

When a beam length is much smaller than its diameter the element may be
considered as a plate. The plate has a small bending flexibility, that may be
neglected, and a high moment one.

The plate geometry is described by the beam element. The moment
flexibility is simulated using the [Trunnion coupling], Figure 8.33.

Menu symbols Input box
@ Trunnion EDLII:I"I'IQ Dias Trunnion coupling 1 Diesignation
z1 o i j Start coordinate
h b 50 mm j Fod diameter
[Of] t —_$ 4 25 i j Flate width
7 a 1080 mim j Inner cylinder diameter
h 5 mim j Cylinder thickness
[ rmaterial |Like subsystem j [Material
b g a i j Cuter diameter
L Wisibiliy |0 Element: visibility
Figure 8.33

The flexibility values are available in the [Protocol]. The element should be
used under the following conditions: a-b>>t and a>>b.
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Shaft stepping

Element is a joint modeling the additional torsional flexibility, which should
be considered when a sudden step change of the diameter of the shaft
occurs. This need arises because of the effect of penetration (Shaft
Stepping) when a ratio of diameters> 1.5.,Figure 8.34.

Menu symbols Input box
g Shaft stepping Des  Shaft stepping 1 Designation
21 ) mm 7| start caordinate
] mm =] Smaller diameter
£y sl L _ mm ﬂ Length of smaller diameter section
] mm | Larger diameter

m 100 mm = Length of larger diameter section

material | Like subsystemﬂ IMaterial

l D ) mm | Outer diameter

oyl Visibility 0 Element Visibility

Ls ir | Z Lenth of cmaller dismetes shaft stepping section

Figure 8.34
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9 LINEAR LINKS BETWEEN SUBSYSTEMS

The following linking elements between subsystems can be used when
modeling:

e Elastic-damping link of a general type [Link]

e Rigid link of a general type [Rigid link]

e Elastic-damping link with nonsymmetrical stiffness and damping
matrixes [Elastic nonsymmetric link]

e  Gearing of a general type [Abstract gear set]

e Element [Connection point]

In the element library these elements are presented (Figure 9.1):
(] Links
T Lk
X Rigid link
'§ Elastic nonsymrmetric link
F Gear set
Zonnection painkt

Figure 9.1

In the context menu of any link there is possibility to copy the
characteristics of connection and visualization settings of the active link into
clipboard, Figure 9.2.

|gj Copy Link Settings |

| Paste Link Connection

=| Paste Link Geometry

Figure 9.2
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After the settings are copied using the command [Copy Link Settings], it is
possible to make the other link active (for example, by left mouse button)
and paste the link settings from the clipboard [Paste Link Connection] or
parameters of the link visualization [Paste link geometry]. The command
data hasten a user’s work with complex models and allow decreasing risk of
appearing mistakes like a human factor when replacing one-type links for
another or arrangement of parallel links.

To simplify and hasten work on links connection in complex models, you
should use the following commands of the context menu. In the connection
point menu, the command [Use CP for connection] allows copying
information about the point of interest into clipboard for attachment. After
this, it becomes possible to attach the copied connection point to the first
(Sidel) or the second (Side?2) sides of the link, Figure 9.3.

= Copy Link Settings

| Paste Link Connection

[g] Pastelink Geametry
| |® Drop CP as Sidel
Drop CP as Sidel

Figure 9.3

|® Use CP for connection

Add cross link

9.1 Elastic-damping link of a general type [Link]

The element connects two subsystems (including zero subsystem) by means
of a linear elastic-damping link, Figure 9.4.

The link may be represented by two types — [Isotropic] link and link of
general type [Full]. Elastic properties of the link are assigned by stiffness
and damping matrixes. Dimension of matrix for general type link is 6x6.
Values of stiffness coefficients are obtained under boundary section 1
loading when boundary section 2 is fixed.
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Z Des

conn_type

Front support

Designation

> Twpe of connection

sidel_subs  Subswstem 1 ﬂ Sidel subsystem

sidel | a mm LI sidel offset
sideZ_subs LI Sidez subsystem
trns_exclude | yes ﬂ Exclude from transient analysis
Type Isaokropic ﬂ Lirk bvpe
skiff_matrix Stiffness matrix
damp_matrix ... Damping matriz:
d* o mm LI Inner diameter
o 200 mm LI Cuber diameter
B 100 mm LI width
Figure 9.4

The elastic properties of a link are defined by the stiffness matrix, Figure
9.5. In the presented example stiffness coefficient Fx/ut_x is defined as a
variable depending on time.

B Matrix X
fx Jay Jwr Jox Joy e | [Loe]

] mm _~ mm | mm e e ~laa =

Fo [N 7l 226813 |-759053¢-009 | -6.03043¢-008 4.51%4e-006  -7.36009e-007 6.22057e-006

F (v = 154068 264582006 | 4.99951e+007 -0.000424907 |3.26060e-005 | Attach extemal v...

F v 1.47009¢+006  3.37564e-005  -2.59549e-005 | -3.73168e-005

W N mm 7 3.89468e+010 -0.337385 0.0251888 stz izl

My | M mm = 5.00387e-010  -0.00307817

Wz | Nmm = symem 161439+ 010

Figure 9.5

The damping properties of a link are defined by the damping matrix, Figure
9.6.

B Matrix x
[x [y [z [vrx [vry [viz | | 0K |
m/s Tlm/s Tl m/s j rad/s j rad/s ﬂ radfs j

Fe [N =l om0

[N =l 1000 Attach extemal v

oo n 1000

Me  |Nm T 100 Detach extemal .

My |nm T 100

Figure 9.6

Designation of rows and columns were changed since Dynamics R4.11
version. Displacements and velocities are in the columns, loads in the rows.
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Order of coefficients in stiffness and damping matrixes was not changed
(Table 9.1).

The dialog with simultaneous output of stiffness and damping matrixes is
available by double click on the name ([stiff_matrix] or [damp_matrix])
or in the context menu of the element, Figure 9.7.

1.47002e+ 008

Figure 9.7

X
oK

Undo
Redo
Cut

Copy
Paste

PREX 3§

Delete
Validate

Capy Link Settings

oE

Paste Link Connection
[ Paste Link Geometry
Drop CP as Sidel
Drop €P as Side2

Ctrl+Z.
Ctrl+Y
Crl+X
Ctrl+C
Ctrl+y

2| Link stiffness and damping

Add Ta Last Group
{5 Get Global Coordinates

Visualisation

A link may be either anisotropic or isotropic. The first one has equal
stiffness and damping coefficients in X and Y directions; the second one has

a user-defined set of coefficients.

Table 9.1
Ut x[m] Ut y[m] Ut z[m] Ur x[rad] Ur y[rad] Ur z[rad]
OF, 0F, OF, OF, JF, OF,
Fx[N == == k2 x X x
XIN] Kex Jx ¥ 9y 0z Jar_x ar_y or z
JF, JF, JF, OF,
Fy[N] = ok, y = == 9k, i - _Y
X dx dy 0z or_x or_y or_z
aF, oF, oF, oF,
Fz[N] 9k, ot o8 9F Ok 9%
dx dy Jz Jar_x ar_y or z
Mx oM, oM, oM, oM, oM, oM,
[N-m] dx 0y dz or_x or_y or z
My oM, M, oM, oM, oM, oM,
[N-m] dx dy dz or x ar_y or z
Mz oM, oM, oM, oM, oM, oM,
[N-m] O0x Jy dz or_x or_y or z

Coefficients of the stiffness and flexibility matrixes may be determined as
varying values within the rotation frequency range. If so, the Natural
Frequencies and Natural Frequency Map algorithms operate.
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NOTE: Variables attached to stiffness and matrix cells are considered in
Sl units. Changing of units in combo boxes does not affect on values in
variables.

For some unsteady tasks (subsystems are connected only by non-linear
links) the basis calculation should take into account the subsystems
coupling. In this case linear link is included into the points of nonlinear
links attachment. During unsteady analysis this link is excluded. It is done
by the [yes] value setting in the [trns_exclude] parameter.

NOTE: The link [trns_exclude] excludes only the stiffness part of a
link in the unsteady analysis; the damping part is not excluded

9.2 [Rigid link] element

Link allows connecting of subsystems and defining properties of a link
(boundary conditions) in all degrees of freedom — either it is fixed or free,
Figure 9.8.

Menu symbols Input box
Des Rigid link 1 Dresignation
I Rigid |i|-|k conn_kype | via body LI Type of connection
sidel_subs | Subsystem 1 LI Sidel subsystem
in_cos global LI Coordinate system For sidel seckion
sidel | [u] mm | sidel offset
sideZ_subs LI Side subsystem
UTx Fixed LI Translation in x-direction
Ty Fixed LI Translation in y-direction
UTz Fixed LI Translation in z-direction
UR:x Fixed LI Raotation about x-auxis
LRy Fixed LI Rotation about y-axis
URz Fixed LI Raotation about 2-axis
o o mm | Inner diameter
D* 150 mm | Outer diameter
E* 20 mm | width
Figure 9.8
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Table 9.2
UTx | Variable defines properties of a link in X axis direction - fixed or
free

URX | Variable defines properties of a link about X axis - fixed or free
UTy | Variable defines properties of a link in Y axis direction - fixed or
free

URy | Variable defines properties of a link about X axis - fixed or free

UTz | Variable defines properties of a link in Z axis direction- fixed or free
URz | Variable defines properties of a link about Z axis- fixed or free

9.3  [Elastic non-symmetric link] element

The element connects two subsystems (including zero one) by means of a
linear elastic-damping link described by nonsymmetrical stiffness and
damping matrixes (Figure 9.9).

The element is used in linear analysis of systems with variable stiffness
supports; the support stiffness coefficients change versus time or rotation
speed. This link is not considered in the basis calculation and is used
together with the main link element [Link].

This kind of link may be used for modeling of nonlinear supports of any
types (journal bearings, tilting-pad bearings, squeeze-film dampers, rolling
bearings, etc) when the data concerning their stiffness and damping
coefficients versus rotating speed are presented (given by a manufacturer or
found by any other way). In this case those coefficients are given by
variable parameters in the whole-time range of rotating speeds.

Dimension of stiffness and damping matrixes for general type link is 6x6.
Stiffness of the main link element [Link] is assigned by a symmetrical or
diagonal stiffness matrix that is used for the basis calculation. Coefficients
of the non-symmetrical stiffness matrix are additions to the symmetrical
matrix.

Values of coefficients are defined in boundary section 1 when boundary
section 2 is fixed.

Stiffness of the main link element [Link] is specified by a symmetrical or
diagonal stiffness matrix that is used for the basis calculation. Coefficients
of the non-symmetrical stiffness matrix are additives to the symmetrical
matrix.
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== Elastic nonsymmet 5

nonsymmetric link

conn_type | via connection point j
sidel_c_point| Connection point 23 2... j
side2_c_point j

stiff_matrix

damp_matrix | ...

Type modal v
4
e wlinear
B* 30
Figure 9.9

Designation
Type of connecti
Sidel connectior
Side2 connectior
stiff_matrix
damp_matrix

Modal or nenline

mmﬂ Inner diameter
mmﬂ Quter diameter
mmﬂwidth

The elastic properties of a link are defined by the nonsymmetrical stiffness
matrix, Figure 9.10. As opposed to Elastic-damping link of a general type,

the matrix is full.

B Matrix X
| ut x | ut_y ‘ ut z | ur_x | ury | ur z | | oK |
m j m j m ﬂ rad ﬂ rad j rad j B
Fx N T Koax Kxy ] 0 ] ]
Fy M ﬂ Ky Ky 0 0 0 0 Attach extemal v...
Fz N ﬂ 0 0 0 0 0 0
i Nm ﬂ 0 0 0 0 0 0 Detach extemal ..
My Nm ad ] 0 0 0 0 0
Figure 9.10

NOTE: The nonsymmetrical stiffness matrix is not used in the basis
calculation. Rigid body modeshapes in Basis algorithm results are needed
for correct consideration of this link. User can use [Link] elements with
relatively low stiffness values (for example 1000 N/M) in radial direction.
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The damping properties of a link are defined by the nonsymmetrical
damping matrix, Figure 9.11.

B Matrix X
‘ vt x ‘ vty ‘ vtz | wI_x ‘ Y | vr_z ‘ | 0K |
m/s Tlm/is j m/s j rad/s j rad/s j rad/s j

Fx N j G Cxy o o 0 0

Fy M j Cyx Cyy 0 0 0 0 Atach extemal v...

Fz N j 0 0 ] 0 0 0

Mx Nm j 0 0 0 ] ] 0 Detach extermal ...

My MNm j 0 ] ] 0 0 0

Figure 9.11

If variables are connected to the link, then when you double-click on the
link or the name of the stiff_matrix or damp_matrix parameter, the “Import
fluid bearing data” from table dialog is displayed.

Import fluid bearing dats from tsble. *
pow it
- — Conam
Stiffness
N e e -
5 kax o 5y
2 ?\\
e —
1508
5 |00 30081807 |1.74626e007  -7.10535e007 | 133787es08 48964 17223 16937 152487 g1 E
10| & E
" 7 ozent
12| = T
1 —
) -0.5e8 4=
oesE —
=
S AR I
2000 4000 6000 8000
|| Speed
.|| = *

Sometimes it becomes necessary to calculate / check the system without
modal link. Take into account the stiffness of the support in the basis, in this
case the command of the context menu "Convert to symmetric Link™ can be
used indicating the mode for which the interpolated values of the stiffness
and damping coefficients will be taken. In this case, the old link will be
deleted and replaced with an element of the [Link] type. If you need to
preserve the old link, then after conversion, copy the new link to the
clipboard (Ctrl + C) and cancel the conversion of the modal link (Ctrl + Z).
Paste link from clipboard. (Ctrl + V).
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L E nonsymr-
i\‘/%ﬂab\eg Unde Ctrl-Z C{'I
E
Redo Ctrley
i cut Ctrl-X
3 o Copy Culec
B oy
paste Ctrlev
2 o -
2 oy i Delete
g EZ Validate
P Meteisls || Convert to Symmetric Link
3 Grows | it matrix
] Agortms L) |
Tt 8o | @ Import Bearing From Table
i-a% Nat| 25 Invert link connection How to process variables? x
i Crti
i Nm‘ [ Copy Link Settings Ao .
LA Ut [7] Paste Link Connection ach variables as is
] PasteLink Geometry # Evaluate variables for the following time parame
Drop CP as Sidel
Drop CP as Side? Specify the time parameter: tpr= 3000
%) Link stiffness and damping | ——
ancel
Add To Last Group L
{3 Get Global Coordinates l T T —
non{  Visualisation v | | G A -
ype | vie connection paint T e o commect T

Parameter [Type] (Figure 9.9) defines the mode of Elastic non-symmetric
link calculation. With [modal] type is conventional functionality. The link is
taken into account as modal addition to reduced modal system of equations
in this mode (in the left side of equation of motion). There is no
functionality in program for automatic definition of reactions for such links
in this mode. In order to calculate reactions user should multiply stiffness
and damping matrixes by displacements and velocity columns. Link is taken
into account in all algorithms exept [Basis] in this mode.

[KI*{u}+[CT*{v}={R}

With [nonlinear] mode link is considered in the right part of equation as
reaction. It is taken into account only in [Nonlinear analysis] in this mode.
Reactions can be obtained in a similar way as in any other nonlinear links.
Figure 9.14 shows options for calculation optimization. With option “6x6”
full stiffness and damping matrix are taken into account. With option 2x2
only 2 degrees of freedom (DOF) are taken into account. It is used for fluid
bearings for example. In this case only Kxx, Kxy, Kyx, Kyy, Cxx, Cxy,
Cyx, Cyy are used. With option “UtxUtyUtz” only Kxx, Kyy, Kzz, Cxx,
Cyy, Czz are used.
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Des nonsymmetric link Designation
conn_type via connection point LI Type of connection
sidel_c_point Connection peint 23 2... LI Sidel connection point
side_c_point LI Side2 connection point
stiff_matrix stiff_matrix
damp_matrix damp_matrix
Type nenlinear LI Maodal or nonlinear link type
Type 2x2 ~ Matrix content
misalignment switch |6x6 Use misalignment settings
d* mmLIInner diarmeter
Vg 300 mm;l Outer diameter
B* 30 mmLIwidth
Allows optimizing calculations by definition of the input content

Figure 9.14

Option [misalignment switch] (Figure 9.15) allows to define static preload
of the support due to constant displacements of side2 vs sidel of the link
(misalignment of bearing bore vs bearings centers line). Functionality can
be used for supports alignment of heavy multi supports rotors due static
deflection line. Intended for use in rotor systems with more than two
supports. Also, it can be used as a spring preload along with angular contact

ball bearing.

Des nonsymmetric link Designation

conn_type via connection point j Type of connection
sidel_c_point Connection pointBZ...j Sidel connection point
sided_c_point LI Side2 connection point
stiff_matrix stiff_matrix

damp_matrix damp_matrix

Type nonlinear LI Modal or nonlinear link type
Type 2x2 j Matrix content
misalignment switch ILI Use misalignment settings
ut_x ] mmj Displacement in x direction
ut_y 0 mmj Displacement in y direction
ut_z 0 mmLI Displacement in z direction
d* 0 mmjlnner diameter

[0 300 mmj Outer diameter

B* 30 mm LI width

Use additional settings for definition of misalignment properties in the link. i can be used for
definition static displacement between shaft and case in the bearing for example

Figure 9.15
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9.4  [Gear set] element

[Gear set] element models any kinds of gears used in industry (spur gears,
helical gears, conical gears, hypoid gears). Connection stiffness is defined
by the contact stiffness in gear (the local flexibility of the teeth coupling and
gear rim are not considered).

The type of a gear — cylindrical, conical or hypoid — is specified by the
placement of subsystems in space. There should be correlation between
subsystems location and common point at pitchlines of gears.

In order to determine the location and geometrical dimensions of a gear
transmission a user should primarily choose the type of a gear.

The type of a gear is determined by [helical] or [bevel] parameters.

For straight-toothed and helical cylindrical pair the parameter [helical]
having the following data is chosen, Figure 9.16:

. point of a gear connection to a shaft. Shafts are connected through
nodal points [Sidel connection point] and [Sidel connection
point]. These points are taken from the common list that is formed
beforehand with the [Connection point] element;

gear type [helical] or [bevel];

teeth coupling: external or internal;

number of teeth in the leading [z1] and driven [z2] gears;

the pitch of gear [module] being common to both wheels;

the pressure angle [alpha_wn] ;

the helix angle [beta_w1] ;

the contact stiffness [Kc];

pressure line length [b].
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Menu symbols Input box

%.‘*Eg* (aear sek Des Gear set 1 36/45 Designation
sidel_r_point CP3 geat 245 LI Sidel connection point
sideZ_c_paint P83 gear 238 LI Side2 connection paint
type_gearset helical LI Gearset bype
gearing auter =l Gearing bype
21 45 Murnber of keeth
2 38 Furnber of teeth
maduls [ mm LI Moduls
slpha_wn 20 deg = Operating pressure angle
beta_wi 1] deqg ﬂ wiorking helix angle
ke 1e+010 Nfm~2 LI Contact stiffness
b 94 mm LI Contact length

Figure 9.16

The parameter [bevel] having the following additional data is chosen for
conical pair, Figure 9.17:

Des Gear set 5 Designation

sidel_c_paint Connection paint 1 LI Side1 connection paint

sideZ_c_point Connection point 1 ;I Sidez connection paint

type_gearset bevel E Gearset type

21 50 Number of teeth

z2 50 MNumber of teeth

module 5 w2 padui

alpha_wn 20 deg ;I Operating pressure angle

beta_wi 0 dea = working hefx angle

beta_wz ) deg =] working helix angle

deltal 43 deg LI Fitch angle

deltaz 45 deg LI Fitch angle

Ko le+010 N2 ;I KOHTAKTHIR HECTHOCTE

b 60 mm LI KOHTAKTHAA ANMHA

c 0 <im ;! Contact damping
Figure 9.17

working helix angle for leading gear [beta_w1]
working helix angle for driven gear [beta_w2]
pitch angle for leading gear [deltal]

pitch angle for driven gear [delta2]

The stiffness of pair gear is defined as contact specific stiffness Kc
~1...2e10 N/m2.

NOTE: Dimensions and inertia of the gear coupling is simulated with beam
elements [Beam] or [Generalized element]
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NOTE: When the gear dimensions are not correctly assigned, its image
may also be wrong. So, the gear image may be used for the input check

NOTE: The gear ratio does not determine speed of the driven or driving
shaft. A user should input the rotation speeds with the [Kinematic joint]
element as preliminary

An example of a dynamic system with two gear transmission stages is
shown in Figure 9.18.

Figure 9.18

9.5  Elastic support [Squirrel Cage]

[Squirrel cage] — a special element in Dynamics R4 for simulating of radial
stiffness squirrel cage elastic supports. This element allows to parameterize
its parameters in tasks like Critical speed maps and Natural Frequency
maps, Figure 9.19. Additional parameters for design purposes can be
obtained also.
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Menu symbols Input box
@ Squirel Cage Dees Squirrel Cage 1 Designation

conn_type | via bady | Type of connection

sidel subs | Shaft LSquirel cage ecample = | Sidle subsystem

sidel | i mm =] sided offset

sided_subs | Sidle? subsystem

tms_exclude | No | Exclude from transient analysis

single =l Squirrel cage type

Lo 75 mm | Squirrel cage bar length

b 401 mm | Squirrel cage barwidth

h 45 mm =] Squirrel cage bar height

n 9% Mumber of bars

E 2104011 Nim2 | Medulus of elasticity

s 0 N5 =] Damping coefficient
Squitrel Cage extended

add output | Na | show additianal eutput

Kr 172894e+008 Nim | tiffness cosfficient

@ i mm | nner diameter

o 100 mm | Outer dismeter

B i mm | widtn

Figure 9.19

The link may be represented by two types — [single] link and link of general
type [double]. Elastic properties of the link are assigned by radial stiffness
and damping coefficients in X and Y direction.

For stiffness coefficient calculation the analytical formula is used, which is
used in Damper R3.1 also. Figure 9.20 gives the extract from the part
“3.3.2 Flexible element analysis” of the document “DAMPER SUPPORTS”
with description of the formula.
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An FE stiffness can be calculated by

o EDH(D ’=+fch’) ‘
2r
where
n - number of bars;
b, h, |- width, thickness and length of a bar accordingly;
E -Young module of the bar material at operating temperature.

k:% _correction coefficient, depenHing on the flexible

I’)1+ 2@1-

L )

web dimensions

Maximal siress in the bar

(1 A
e :3{E_5; i hcosp+bsin @)l‘

where
p:arctani1+n,‘r; n=0or1
hk?
&-radial clearance
Static displacement under the support weight G loading
Gp=GK .
Static sfress in a bar under the weight loading

3,
g, =0,

Wm0
Figure 9.20

In case of [double] type of [Squirrel cage] link overall stiffness is
calculated as Kr=Kscl*Ksc2/(Kscl+Ksc2), where Kscl and Ksc2 are
calculated for each part of squirrel cage.
In order to change parameters of each double Squirrel cage part [part#]
combobox should be used, Figure 9.21.

type double j Squirrel cage type

part # lL' Squirrel cage part properties
Lb 75 rarm quuirreIcage bar length

b 4.01 mm j Squirrel cage bar width

h 4.5 mm quuirrelcage bar height

n 95 Mumber of bars

E 2.1e+011 MNirnz j Modulus of elasticity
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type double j Squirrel cage type

part # second j Squirrel cage park properties

Lb2 _ rarm j Squirrel cage bar length

b2 4.2 mm d Squirrel cage har width

b2 4.5 rarm j Squirrel cage bar height

nd 96 Mumber of bars

E2 21e+011 M2 d fodulus of elasticity
Figure 9.21

Yes/No combo box [add output] allows to show additional calculated
parameters for the Squirrel cage, Figure 9.22. These parameters can be used
in the squirrel cage design stage.

type
Lb
b

h

E
Cs

delta

E

ut

rnax stress
stress
Frnax

[

add output (B

single =l Squirrel cage type
73 mm j Squirrel cage bar length
4.01 mrm j Squirrel cage bar width
45 rrrn ﬂSquirrel cage bar height
a6 Mumber of hars
21e+011 Mim2 j todulus of elasticity
0 Wessm | Damping coefficient

Squirrel Cage extended
WES IL‘ show additional autput
01 i ﬂ Radial clearance, For statical stress calculation
100 M j load in radial direction
00144156 mm j Deflection in radial direction under load
620544 MPa j Maxirnal alterating stress. e=1
4.56688 MPa jStress due ta load.
693,691 M ﬂ tax load in radial direction, delta=ut
£.93691e +006 Ffm j Stiffness coefficient

Figure 9.22

Additional features for design of squirrel cage can be obtained via [Squirrel
cage extended] dialog. This dialog can be launched by double clicking on
appropriate property (see Figure 9.23) or via [Extended properties]
command in parameter context menu.

This dialog (Figure 9.24) allows checking the influence of input parameters
on output characteristics like stiffness, stress, max loads, and deflection.
Changing of one of input parameters is defined as % from the initial value.
Vertical and horizontal red lines show the value of the original settings.

add output
delta
F

98 Mumber of bars
21e+011 M/m2 j Modulus of elasticity
1] MN*s/m j Damping coefficient

e extended
Extended properties

nal output
Attach external variable X
nce. For statical str
Detach external variable

| direction

_1
Figure 9.23
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& Squirrel Cage extended I I ==

Squirel Cage 1 . .

Stiffness coefficient

type single | Squirrel cage type E

Lb 75 mm 2| Squirrel cage bar length 9 £

b 401 mm jswwa\cagebarmmh s

h 45 mm 2| Squirrel cage bar height . £
i [» % Number of bars E \
i e 21011 N/m2 | Modulus of elasticity max stress 1 T 5 \
I |cs 0 Nrs/m 2| Damping coefficient maxstress 2 E 5L
Il |2dd output yes = show additional output stress 1 Z 4 £
i [oers 01 mm | Radial clearance. For statical s | stress 2 N E \
i [F 100 N ~|ioadin radial direction 3E

b - E
i ut 0 mim | Deflection in radial direction u 24
" (] Tolerance "+ [%] E

[l | max stress o WPa | Mavimal aiterating stress. e=t 4 E
i 5| 50 100 E |

stress 0 MPa %1 Stress due to load o Al TN AT NN Runi0i marmam e
I [Fmax 0 N | Maxload in radil direction. o oo am o oo oxe am o an e aw ars
(s 0 N/m = stiffness coefficient Lb, s

< i '

NOTE: The link [trns_exclude] excludes only the stiffness part of a
link in the unsteady analysis; the damping part is not excluded

9.6

[Connection point] element

The element assigns a subsystems’ point which can be used for connection
of subsystems with each other by means of any kinds of links, Figure 9.25.

Menu symbols

Input box

Connection point

Des  Connection poink 3

2 mim 2 coordinate

mm | Quker diameter

0¥ 0

Designation

Figure 9.25

Its location is determined by Z coordinate in a local coordinate system of
the exact subsystem.
The boundary sections of links connect to assigned points by means of [via
connection points] command. This command is chosen from links combo
box [conn_type].
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10 STATIC AND DYNAMIC LOADS

To analyze dynamic response of a rotor system a user can choose the
following elements:

[Unbalance load]
[Axial force]
[Blade loss]
[Dynamic load]

In the main menu of the Dynamics R4 program the elements are represented
by the following symbols, Figure 10.1.

Loads
? Unbalance load
7 Axial force
A Blade loss
A Dynamic load

Figure 10.1

NOTE: All loads may be located in any point of a model excluding points
inside disks and abstract elements. The loads can be located only in
boundary sections of these elements.
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10.1

[Unbalance load] element
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The [Unbalance load] element models imbalances in rotating parts of

dynamic systems, Figure 10.2.

Menu symbols

Input box

® Unbalance load

Unbalance load 5
220

Des
z1

mm

Designation

Start coordinate

Funb 20 gcm unbalance force
F phase |0 deg unbalance force phase
Munb |0 g cm cm | unbalance moment
M phase 0 deg unbalance moment phase
o 1] mm Outer diameter
Figure 10.2
Table 10.1 Parameters description

Parameters Designation Parameter description

Start coordinate z1 [z1] coordinate in the direction of Z
axis, specifies the unbalance
location in  the XYZ local
coordinate system

Linear unbalance unb F Value of linear imbalance (mass*
eccentricity)

Unbalance phase phase F Phase of linear imbalance, defines
angular displacement of unbalances
between each other

Angle unbalance unb M Angle unbalance (mass moment of
inertia * misalignment angle)

Angle unbalance phase phase M Phase of angle imbalance, defines

displacement of annular unbalances
between each other.

Figure 10.3 shows the sign rule for phase angles.

BUTy

1'S
URy

Figure 10.3

L\)UTy
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10.2 [Axial force] element

The element [Axial force] models axial force acting along axis Z of a
subsystem. This load changes bending stiffness of a subsystem and leads to
change of natural frequencies, Figure 10.4 (this element is not included in
shipment versions)

Menu symbols Input box
7= Axial Force Point force
Des | Axial force 26 Designation
bype | point ﬂ
z1 802,05 mm | Skart coordinate
Fz1 1800 M force in Z direction at stark coordinate

Constant value along Z axis

Des | Axial force 26 Designation

bype  linefconst) LI Load bype

zl 80205 mm | Skark coordinate

zZ2 1000 mm | End coordinate

Fz1 1300 M |forcein Z direction at start coordinate

Variable value along Z axis

Des | Axial Force 26 Designation

type line(ling) LI Load type

z1 500 mr | Skart coordinate

2 800 mrn | End coordinaks

Fz1 2000 (Ul force in 2 direction at stark coordinate

Fzz2 | 2000 M| force in 2 direction at end coordinate

Figure 10.4
Table 10.2

Designation Parameter description

z1 Coordinate [z1] in direction Z indicates the position of left side of
element

72 Coordinate [z2] in direction Z indicates the position of right side
of element
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type:

point
line (const)
line (line)

Parameter defines type of axial load distribution along subsystem:

. axial force in a point (acts only in this point);

. axial force loading several segments of the subsystem
(constant force along subsystem). Used for tie rods, for example;

. axial force loading several segments of the subsystem

(linear law of force change).

Fz

Axial force in Z direction. Compression or stretching is
determined by a sign. “-”” — compression load.

Significant changes
loads values similar to Euler critical force of such rod compression in axial
direction. There is a dialog (Figure 10.5) for calculation of Euler critical

force.

Euler's critical load

in bending stiffness can be observed in case of axial

E

Imin |3.068e-007

di
D
L
B

2.1e+011

0
50
900
05

Nrm2 = | Modulus of elasticity 1

m4
mm
mm

mm

For |EREIIMAN N

j Inner start diameter

j Outer start diameter

| Unsupported shaftlength
Effective length factor

=l Minirmum ares moment of inertia w V%l//ﬁ Vﬁ{/ﬁ
!
|
|
|
|

| Euler's critical load

fthe

axial load

Help:
The folloning assumptions are made whie deriving Euler's formua; 1) Rod pivoted in both ends : = 1

1. The material of the rod is homogeneous and isatropic

2. The compressive load on the rod s axial only. 2) Both ends fixed, p=0.5

3. The rod s free from initsl stress.

4. The weight of the rod is neglected. 3) One end fixed, one end pvoted, =0, 7071
5. The rod is initially straight (no eccentricity of the axial load).

6. Pin joints are friction-ess {no moment constraint) and fixed ends 4) one end fixed, one end free, u=2

are rigid (no rotation defiection).

7. The cross-section of the rod is uniform throughout ts length.

8. The direct stress is very smal as compared to the bending stress

(the material is compresses orly within the elastic range of sirains).

5. The length of the rod is very large s compared to the

cross-sectional dimensions of the rod.

10. The rod lase stability only by bucking

F
!
|
|
|
|
|
[The citcal load is the maximu imiting load which a rod can bear under 77257727

Help:

Figure 10.5

10.3 [Blade loss] element

The element models a sudden increase in imbalance of a rotor system (for
example, due to blade loss), Figure 10.6. This element is used only in

transient analysis.
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Menu symbols Input box
P Elade |oss Des Designation
z1 309,615 mm | Stark coordinate
o* ] ram | Quker diameker
t_st_tvpe real LI Skart time definition
b_st_real (0 s | Feal skart time
Furb i} aern | unbalance force
Fphase |0 deg unbalance force phase
Figure 10.6

This element is used only in transient analysis.

Table 10.3
Designation Parameter description
z1 Coordinate [z1] in direction Z indicates the position of sudden
change of unbalance (for example, blade loss)
F unb Linear unbalance appearing after blade loss
F phase Phase of linear unbalance

The other parameters are presented in general description.

10.4 [Dynamic Load] element

The element models different types of external excitation acting on a rotor
system. There are the following loads, Figure 10.7:

[general] load
[step] load
[impulse] load
[harmonic] load
[unbalance] load

The loads may be assigned at any degree of freedom. Simulation of
polyharmonic loading is described by several elements.
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Menu symbols Input box
e general
Des | External load 6 Designation
A Dynamic load 1 o mm | Start coordinate
5 mm  diameter
Tvpe general LI External load type
Fx 10 N |force in ¥ direction
Py
Fv O M Forcein Y direction
Fz 0 M |force in 2 direction
t Mx |0 R rmoment in & direction
My 10 M m | moment in Y direction
Mz |0 M m | moment in Z direction
e step
Des External load 6 Designation
11 0 mm |Start coordinate
o 5 mm | diameter
Type step j External load type
t_st_type real j Start time definition
t_st_real |3 s |Real start time
Fx 10 N |force in ¥ direction
Fy o N |Forcein Y direction
Fz 0 N |Force in 2 direction
[ o N m |moment in # direction
My o N m |mament in ¥ direction
Mz o N m |moment in Z direction
e impulse
Des External load 6 Designation
i} a mm | Start coordinate
D* 5 mm diameter
Type impulse LI External load type
t_st_type real LI Start time defirition
t_st_real 3 s Real start time
t_imp o impulse duration
Fx 10 M Forcein % direction
Fy o M Forcein Y direction
Fz 0 M force in € direction
M a M moment in ¥ direction
My o M m | moment in ¥ direction
Mz 1} M moment in Z direction

e harmonic

10-84



a4
TRANZIT
A S 2

User Guide
Des External load 6 Designation
It 1] mm | Skart coordinate
v 5 mm | diameter
Type harmanic j External load bype
t_st_type real il Start time definition
t_sk_real 3 = Real start time
Freg 3000 1/min | Frequency
init_phase 0 grad | initial phase
Fx 10 M force in ¥ direction
Fy a N force in ¥ direction
Fz 1] M force in Z direction
Mz 1} Mm | moment in ¥ direction
My 0 Nm  momentin ¥ direction
Mz a Mm | moment in Z direction

. unbalance

Des Dynamic load L Designatian
2l 0 mm j Start coordinate
D 0 mm j Outer diameter
Type  unbalance j External load type
_st_type | real j Start time definition
tst_real |0 H j Real start time
rat_fetr 0.9 Ratation factor
Funb | 100 gem j unbalance force
F phase _ deg j unbalance farce phase
Munb |0 gem cmj unbalance moment
M phase |0 deg j unbalance moment phas:
Visibility |0 Element Visibility

Figure 10.7

There are some other parameters:

t_imp - duration of load impulse

Freq — frequency of harmonic load
Initialphase- initial phase of harmonic load.
This element is used only in transient analysis.

For types of loading General, Impulse, Step, loading is output in 2D plot
window as an arrow with direction corresponding to the force components
and inscription with a value.

This element is taken into consideration in the [Transient response]
algorithm

10.5 [Torque Load] element

The [Torque load] element represents an external dynamic load applied to
the shaft station. It is used for simulation of the dynamical variations of the
torque load. For example, harmonic excitations can appear as a result of 2-
phase, 3-phase short circuit in the electrical machines. Torque load is
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defined as a harmonic series. In order to simulate various behavior of
dynamic torsion moment, a user can assign amplitude values for torque
components, time constants and phases.

The following harmonic series is used to define the mathematical model of
torque moment variations.

T = {Tmted [T,e=%0t + Tie~ %t sin(wt + @) + Tre~ %t sinQRwt + @,)], t > t1
Trateas t<tl
where Tratea, T, T1, T2, - the engine torque moment and coefficients for
amplitude components of torque load variations., ay, a,, a, — time constants
for decay process definition, ¢, ¢, — phase angles, w — grid frequency.

Menu symbols Input box
Des Tarque load Designatian L&)

~ 2L 450 mm 7| Seart coordinate

--{" TOr(|L|§‘.‘ load D ] mm ﬂ Quter diameter

t_st_type real ﬂ Start time definition
tstreal L 5 j Real start time
Trated 31831 MNm ﬂ Steacly state driving torqu
0 a1 | Apetiadic torque campar
TL 9234 First order harmonic torqy _
T2 0.435 Second order harmonic t 1
all 147 Time constant of aperiadi
al 133 Time constant of first ord,
al 133 Time canstant of first ard)
i 3600 Lmin = Grid frequency
phasel 0 deg | Phase angle 13t harmanic
phase2 0 deg =] Phase angle 2nd harmonil
‘v’l:l_l;_\l\(;.- L} Eleln_ent Wisibility -
] m v
Aperodic component in definition of torque load excitation

Torque load Trawed acts during all integration time. This element is used only
in transient analysis.
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11 NONLINEAR LINKS

In the main menu of the Dynamics R4 program the [Nonlinear link]
elements are represented by the following strings, Figure 11.1

- Monlinear elements

..... ¥ Userlink

----- ;T Man-linear support

----- (28 Plain Joumal Bearing support

----- ogigo Ball Bearing support

..... ogzgo Rall Bearing support

----- {go Angular contact ball bearing

----- & Active Magnetic Bearing support
----- == Damper support

..... — Clearance

..... (D Dry bush

----- 2 Unbalanced Magnetic Pull{UNMP})
----- @ Annular seal

----- F. Seismic excitation

Figure 11.1

NOTE: Nonlinear links are available only for transient analysis. Linear
analysis is not possible

NOTE: Distance and reciprocal turns between sections where a link is
attached should be equal to zero. It means that both link sections should be
in the same coordinate systems
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11.1  User-programmable element [User link]

It allows working out the user's own algorithms of nonlinear effects in
rotating machinery to program a new link between subsystems (journal
bearing, magnetic bearing, etc.) and also to integrate them into the
Dynamics R4 program system, Figure 11.2.
The examples of such elements are a journal bearing of the other type, a
magnetic support, a gas dynamic bearing, etc.

Menu symbols Parameters window
E |_|5Efr |ir||'::. Des CKpMNT-CBAZE 3 Designation
= CKPHIT CKPHNT, OMHCEISSHLME MATEMATHHECKYH MOAEMD 3NENEHTA
[m ;Iglil conn_type | via body j Type of connection
Hle Bl FamE: sidel_subs | GP rokor j MoAcHCTEMS ANA ceqerkd 1 ceasn
Qiew _ﬂelp . sidel | 1} mm ﬂ MONO#EHNE MPAHHHHOMD CEHEHNA 1 CBAsH
v=(uyl-uy2) 4 side2_subs ﬂ MaAHITENS ANA CEUEHHA 2 CBAZH
frelative we d* ] mm j EHyTPEHHHIA AMAMETP
:?: E ggi::;% g - o a mm ﬂ HapyHeli arareTp
M E* 0 mr j LWHPHHE
Figure 11.2

The new element may be of any complexity and can be used in a rotor
model in combination with other non-linear elements of Dynamics R4. The
language of programming is the script language Python (www.python.org)
built-in in the Dynamics R4 program system and can be easily studied by a
user. Example of a script window is shown at Figure 11.3.

NOTE: A new algorithm written on script language can be programmed by
a developer of Dynamics R4 and included in a program system. It allows
increasing the computation speed of a dynamic system including the new
element in many times

NOTE: If you have your own algorithm, programmed on FORTRAN, C++,
etc., please, contact us and you will receive the full information about
including the new element in a program system

This element is used only in transient analysis.
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1 Behavior script

from dynlib import =

from math import *

from Mumerie import *

from LingarAlgebra import *

from dynlib import trace

#getting current rotating speed of a side 1 subsystem

ofneqal exchangeContainer.get boubleYalue (' rotating_speedl
#getting current rotating speed of aside 2 subsystem
omegaz=exchangeContainer get Doublettalue (' rotating_speed2)
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def Print_mtriA):
#Prints matrix A, fo

cols=range(size(A. 1))
striowa=""

far iin rows
for j in cols

strRowA=""

A

rows=range(size(A.00)

strRowA=strRowA+' +str{alil[D
trace (strRowA)

r debug purpouse

#aetting current integration i

ux1=exchangecontainer get Do

ux Z=exchangeCol
el

iner.g

Ln1/91 Ch1

t=exchangeContainer.getoublealue(integration_time "

uyl=exchangeContainer.get boubleYalue "yl
uzlzexchangeContainer getboublevalue (fuz1"

etboublevalue (=2
e

e of transient analysis

ubletalue{"u=1")

b

[ TTR

Figure 11.3

Table 11.1 Input data in User element

Link boundary section 1

Link boundary section 2

Linear displacements
uxl;uyl; uzl
Linear velocities
vx1; vyl; vzl
Angle displacements
tx1; tyl; tz1
Angle velocities
vix1, vtyl, vtzl

Linear displacements
ux2; uy2; uz2
Linear velocities
VX2; vy2; vz2
Angle displacements
tx2; ty2; tz2
Angle velocities
vix2, vty2, vtz2

Among the input data there are also rotating speeds omegal and omega2 of
the subsystems connected by a link.
For further information on use of these parameters see section “Using

Python in UserLink element”

Table 11.2 Output data in User element
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Link boundary section 1 Link boundary section 2
Linear forces Linear forces
x1; fyl; fz1 fx2; fy2; fz2
Moments about axes Moments about axes
mx1; myl; mz1 mx1; myl; mz1

11.2 Template script

A script template may be used for creation of the script element. A user can
obtain the template of script program from the program main menu by
double click of [Template script] command, and then paste it in the
corresponding place of the model.

The [ Template script] text is represented below, Table 11.3.
Table 11.3

from dynlib import *
from math import *
from dynlib import trace

#getting current rotating speed of a side 1 subsystem
omegal=exchangeContainer.getDoubleValue('rotating_speedl’)
#getting current rotating speed of a side 2 subsystem
omega2=exchangeContainer.getDoubleValue('rotating_speed2’)
#.

#

#getting current integration time of transient analysis
t=exchangeContainer.getDoubleValue(integration_time')

#getting translational displacement

ux1=exchangeContainer.getDoubleValue('ux1')
uyl=exchangeContainer.getDoubleValue('uyl')
uzl=exchangeContainer.getDoubleValue('uz1’)

ux2=exchangeContainer.getDoubleValue('ux2')
uy2=exchangeContainer.getDoubleValue('uy2')
uz2=exchangeContainer.getDoubleValue('uz2')

#getting translational velocity

vx1l=exchangeContainer.getDoubleValue(‘'vx1')
vyl=exchangeContainer.getDoubleValue('vyl")
vzl=exchangeContainer.getDoubleValue('vz1')

vx2=exchangeContainer.getDoubleValue('vx2')
vy2=exchangeContainer.getDoubleValue(‘vy2")
vz2=exchangeContainer.getDoubleValue('vz2")
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#getting rotational displacement

Tx1=exchangeContainer.getDoubleValue('tx1')
Tyl=exchangeContainer.getDoubleValue('tyl')
Tz1l=exchangeContainer.getDoubleValue('tz1')

Tx2=exchangeContainer.getDoubleValue('tx2')
Ty2=exchangeContainer.getDoubleValue('ty2")
Tz2=exchangeContainer.getDoubleValue('tz2")

#getting rotational velocity

Tx_dotl=exchangeContainer.getDoubleValue('vtx1')
Ty_dotl=exchangeContainer.getDoubleValue('vtyl')
Tz_dotl=exchangeContainer.getDoubleValue('vtz1')
Tx_dot2=exchangeContainer.getDoubleValue('vtx2")
Ty_dot2=exchangeContainer.getDoubleValue(‘vty2")
Tz_dot2=exchangeContainer.getDoubleValue('vtz2")

#initializing variables for reactions

fx1=fx2=fy1=fy2=fz1=fz2=mx1=mx2=myl=my2=mz1=mz2=0

:‘::H::tlt:tt
!
i
i
i
i
|
i
)
=
o
@
<
)
c
=
Q
1)
o
5
=
@
<
@
T
i
|
|

#
i

#returning calculated reactions to container
#force reactions

exchangeContainer.setDoubleValue('fx1',fx1)
exchangeContainer.setDoubleValue('fy1',fyl)
exchangeContainer.setDoubleValue('fz1',fz1)
exchangeContainer.setDoubleValue('fx2',fx2)
exchangeContainer.setDoubleValue('fy2',fy2)
exchangeContainer.setDoubleValue('fz2',z2)

#moment reactions

exchangeContainer.setDoubleValue('mx1',mx1)
exchangeContainer.setDoubleValue('my1',my1)
exchangeContainer.setDoubleValue('mz1',mz1)
exchangeContainer.setDoubleValue('mx2',mx2)
exchangeContainer.setDoubleValue('my2',my2)
exchangeContainer.setDoubleValue('mz2',mz2)
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Developers may also use additional math program modules developed for
scientific computing and based on Python. NumPy, LinearAlgebra, etc.
are among them. Additional modules, including graphics packages, are
available for downloading via the Web.

NOTE: A user may transmit a script element into the library of elements
and algorithms. For this create a new folder in the \Dynamics
R4\Script\Python\UserElement\ and copy the files into the folder. Files
from the neighboring folders related to the script files should be changed.
Editing may be hold with the help of a text editor such as Notepad

11.3 [Non-linear support] element

The element simulates a link between two subsystems that has nonlinear
radial stiffness and damping, Figure 11.4.

The link may have clearance. The radial nonlinear stiffness after clearance’s
taking up is given by dependence between force and deformation which is
described by Ax?+Bx=F(x) polynomial. Such link may simulate bearing
support, for example, for which such dependence is obtained. A damping
can also be considered. The element may also be used for modeling of the
other types of reference nodes or links between a rotor and a case, a rotor
and a rotor for which data about radial stiffness are given.

1
Menu symbols Input box
= MNon-linear suppaort Des Mor-linear support 5 Designation
- conn_type  via body LI Type of connection
sidel_subs Subsystem 1 LI Side1 subsystem
sidel_| 30 mm LI sidel offsst
side2_subs LI Side2 subsystem
F x=8-A a 2,33e+012 Palynomial cosfficient &
K] B 6,09e+007 Palynomial cosfficient B
delka a wm | Radisl clearance
' b 1300 N*s*m LI Darmping coefficient
x d* a wm = T dismeter
D* 100 w2 outer dismeter
B+ 50 wm = width

Figure 11.4

This element is used only in transient analysis.
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11.4 [Plain journal bearing] element
This element allows computing the rotating system with two notable cases
of plain bearing: the "short" bearing (Open Ended) and the "long" bearing
(Closed Ended), Figure 11.5.

Different kinds of cavitations of fluid films are considered: uncavitated (2z-
film) bearing (Full Film) and cavitated (z-film) bearing (Half Film).

It allows computing dynamical systems in steady-state and non-steady state
conditions. Inlet oil pressure may be considered.

Menu symbols Input box

Des Plain Journal Bearing support 1 Designation
conn_type | via body Type of connection
sidel_subs | output shaft 233 Sidz1 subsystem

sdet | 877 wm [ sidel offset

= side2_subs 3| Side2 subsystenn
Type shart =l Design type
R 50 wm | aearing radius
film 2pi-fim =l Cavitation film model

T I 1095 wm | Gearing length

deta 01z wn =] il clearance

|| mus 0.0072 Hsjm2 | Lubricart: absolute viscosity
PO o nmz | supply pressure o the bearing

a* 0 wn =] tnner diamster
o* ) mm LI QOuter diameter
B* 50 wn =l width

Figure 11.5

@ i

lain Journal Beating support

(KN

This element is used only in transient analysis.
11.5 [Ball bearing] element

The element is represented by a link between two subsystems. It models
ball bearings mounted between a rotor and a stator/rotor, Figure 11.6.

The ball bearing model takes into account a radial clearance, number of
rolling elements under radial load and contact stiffness in loading area.
Damping can also be considered for a bearing. Contact stiffness in
dependence on Kp_input parameter may be assigned or calculated
automatically.
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Menu symbols
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Input box

% Ball bearing

corn_type via body
sidel_subs Subsystern 1

sidet ] 1
sidez_subs Subsystem 2
sidez] 1

or 11,9062

2 11

o 40

deltai o

deltan |0

Kp_input  input

KH 1.334e+010
b 2040

d* 0

o* ]

B ]

Des Biall Bearing support 3 Designation

=l Type of cornection
=l Side] subsystem
mm =) sidet cifset
=l Side? subsystem
mm =] sidez cifset
mm =) Roling slements dameter
Rolling elements count
mm LI Inner race diameter
=l nner rare clesrance
mm :I Outer race clearance
= Type of Hertz stffness input
njm Herte stfness
Wsim =] pamping cactficient
mm Zl nner diameter
i LI Quter diameter
mm widh

Figure 11.6

This element is used only in transient analysis.

11.6 [Angular contact ball bearing] element

Menu symbols

Input box

£% Ball bearing

Figure 11.7

conn_type | via body
sidel_subs | Ban
sidel | |0
side2_subs

Dr 2.5

z 18

Dm 16493
Kp_input | input

Kpi 0

Kpe 0

p 0

z 0

Rp 82803

Rq 0

Ri 1145

Ro 1145

alfai 0

Phi0 0
input_type | coordinates
inettia | No
conditions [T
ext output | expert

d* 0

o 0

8" 15

Des Ball Bearing SDOF suppert Designation

= Type of connection
| Sidel

mm vl sidet o
= Sicle2 subsystem

mm _| Rolling elements diameter
Rolling elements count
mm ] pitch dismeter (reference dismeter)
= Type of Hertz stiffness input
N/m j Hertz contact stiffness of inner race
N/m j Hertz contact stiffness of outer race

mm x| sl distance from bearing rolling element centre

mm | Aial distance fram bearing rolling element centre
mm | Radial ci

mm _] Radial distance from the bearing aial line to nom

nce from bearing axial line to nominal

mm =l lnner race radius of curvature
mm x| Outer race radius of curvature
deg vl Nominal contact angle in Ball besring at inner rac
deg vl Angle position of the 15t rolling element
Input parameters type
Calculate with inertia

Take into account temperature, mourting fits

TelLel L4

Temperature and mounting fits considerst -

L

Calculste intermediate parameters
mm _*|laner dismeter
mm _~| Outer diameter
mm _~| width
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The element is represented by a link between two subsystems. It models a
ball bearing mounted between a rotor and a stator/rotor.

The ball bearing model takes into account a radial clearance, curvature
radiuses of inner and outer race, number of rolling elements under radial
load, their inertia and contact stiffness in loading area.

Contact stiffness in dependence on the Kp_input parameter may be
assigned or calculated automatically.

The system may be considered without balls inertia and with it. The
element takes into account 5 degrees of freedom of inner race: 3 transitional

and 2 rotational.

Figure 11.8

Table 11.4

Parameter

Description

Des

On default the variable has the text value [Element_Number]. The
Number indicates the sequential number of the element in the rotor
model. A user can change the name of element (for example, into
subsystem name)

conn_type

The variable defines a type of connection of subsystems between each
other

- [via body] — the connection is defined without preliminary
determination . Connection point is specified by the subsystem name
and z coordinate;

- [via connection point] — the connection is attached to the
preliminary defined point with the given name. The point is set by the
name of the subsystem to which it belongs and z coordinate (in the
coordinate system that is local for the given subsystem). This type of
the connection attachment is more convenient for editing and it is the
only wvariant for creation multilevel out-of-alignment spaced
subsystems

sidel subs

The variable indicates a subsystem for boundary section 1 of an elastic
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link. On default the subsystem is a foundation (zero subsystem)

sidel_|I The coordinate indicates position of an elastic link boundary section 1
in the subsystem
side2_subs The variable indicates a subsystem for boundary section 2 of elastic
link. On default the subsystem is foundation (zero subsystem)
side2_I The coordinate indicates position of elastic link boundary section 1 in
subsystem
Dr Rolling elements diameter. It is used at contact stiffness calculation
z Number of balls
Dm Pitch diameter. Diameter of rolling elements center
deltai Inner race clearance in contact direction. This parameter is available in
[input]=clearance mode
delta0 Outer race clearance in contact direction. This parameter available in
[input]=clearance mode
Kp_input Type of Hertz stiffness input. It may be calculated according to the
bearing parameters
Kpi Hertz contact stiffness of inner race. This parameter is available at the
[Kp_input] mode
Kpe Hertz contact stiffness of outer race. This parameter is available at the
[Kp_input] mode
zp Axial distance from bearing rolling element centre to nominal inner

race centre of curvature. Sign “-” means a contact point on the left ring
part. This parameter is used in [input]=coordinates mode

zq Axial distance from bearing rolling element centre to nominal outer
race centre of curvature Sign “-” means a contact point on the left ring
part. This parameter is used in [input]=coordinates mode

Rp Radial distance from the bearing axial line to nominal inner race centre
of curvature. This parameter is used in [input]=coordinates mode

Rq Radial distance from the bearing axial line to nominal outer race centre
of curvature. This parameter is used in the [input]=coordinates mode

Ri Inner race radius of curvature. It is used at contact stiffness calculation

Ro Outer race radius of curvature. It is used at contact stiffness calculation

alfa_i Nominal contact angle in Ball bearing at inner race. This parameter
available at the [input]=clearance mode

alfa_o Nominal contact angle in Ball bearing at outer race. This parameter
available at the [input]=clearance mode

Phi0 Angle position of the 1st rolling element. This parameter takes

virtually no influence on the results in calculation with rotation. It may
have small influence on the results in calculation of static radial loads

input_type Input parameters type. It allows choosing different set of input data.
The [coordinates] mode uses rings curvature centers coordinates for
geometry definition. This is default mode, allows more precise
calculations. The [clearance] mode uses clearances, contact angles,
balls diameter for geometry definition

inertia It allows choosing calculation with inertia of balls or without it

Mr Ball element mass. This parameter is available at the [inertia]=yes
mode

conditions This list allows choosing different options. [none] - no temperature and

mounting fits conditions consideration; [temperature] - only linear
expansion is taken into account; [mounting fits] - only mounting
conditions are considered; [both] - all parameters are in use
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ext.output

When "Default” is selected, intermediate parameters for this nonlinear
element will be calculated. When “Expert” is chosen, additional
parameters will be shown as results of calculation of the current
nonlinear element. Some parameters take additional calculations that
may slow the process down. When "No" is selected, no additional
parameters are presented

d* The variable specifies the inner diameter of the element in the model.
The size value is used only for model visualization

D* The variable assigns the outer diameter of the element in the model.
The size value is used only for model visualization

B* The variable defines the width of link in the model. The size value is
used only for the model visualization

11.7 [Roll bearing] element

The element is represented by a link between two subsystems. It models roll
bearings mounted between a rotor and a stator (a rotor and a rotor). The roll
bearing model takes into account a radial clearance, the number of rolling
elements under radial load and contact stiffness in loading area. A damping
also can be considered for a bearing, Figure 11.9.Figure 11.9This element
is used only in transient analysis.

Menu symbols

Input box

4% Roll beanng

T

—
L T
=

conn_type |via body
sidel_subs
side2_subs

o 0

z o
Di 0
deltai 0
deltan 0
kp_input | calculate
L o

b
g
D*
g

Figure 11.9

]
a
]
a

Des Roll Bearing support 4 Designation

Type of connection
=l Sidel subsystem
B Sidez subsystem

w7 Roling elements diameter

Roling slements count

wm [Tl 1nner racs diameter

[ [ ——

wm 2l outer racs cearance
=l Type of Hertz stiffness input
w7 Reling elements Lenath
Wstm =] Damping cosfficient
wm ] nner dismeter
mm j Cuter diameter
=l ith

11-97



ra'd
TRANZIT
L %4 o
User Guide

11.8 [Damper support] element

This element models two well-known types of hydrodynamic dampers: the
"short" damper (without seal rings) and the "long™ damper (with seal rings
along the edges) and their combinations, Figure 11.10. Different kinds of
fluid film cavitations are considered: uncavitated (2z-film) damper and
cavitated (n-film) damper. There is laminar flow. It allows computing
dynamical systems in steady-state and non-steady state conditions.

This element is used only in transient analysis.

Menu symbols Input box

Des Damper suppnrfI Designation
conn_tvpe  via bady - Type of connection

= Damper Supl:":lrt sidel_subs | Subsystem 1 LI Sidel subsystem
sdell n mm =] sidet offset
side2_subs LI Side2 subsystem
Twpe shart ;I Design kype
3 75 wm =] Damper radius
film pi-filrn LI Cavitation Film madel
Lr 375 mm LI Squeeze film bearing land length
dets 0225 mm = Radisl coarance
mue 0.0172 sfm2 LI Lubricant absalute viscosity
PO o Mjmz LI Supply pressure ta the damper
d* o mm LI Inner diameter
o+ 30 mm LI Outer diameter
B 10 mm =] widkh

Figure 11.10

11.9 Elastic-damping constraint [Clearance]

The element represents elastic-damper bending limiter. It allows simulating
of systems with clearances, different types of contacts and dynamic
characteristics of complex constructions of different reference nodes
elements, Figure 11.11. In the model the element is represented by a link
between two subsystems of general kind.

This allows modeling of most cases of instability in rotating systems with
clearances. It takes into account any kinds of contact with external and
internal damping, with friction in a contact point, weight and
circumferential irregularity of clearance.
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Menu symbols Input box
Des Clearance 2 2 Designation
conn_type  via body ﬂ Type of connection
= Clearance sidel_subs LI Sidel subsystem
side2_subs Subsystem 1 LI SideZ subsyskem
sidez_| 1 mm ﬂ side? offset
L1 0 mim LI Displacement L1
Lz 0 mm LI Displacement L2
L3 0 mm LI Displacement L3
k1 1600 Mim LI Damper package 1 stiffness
cl 1) Msfm ﬂ Package 1 damping
k2 le+010 Mim LI Darnper package 2 stiffness
[4 0 M*sfm LI Package 2 damping
R 50 mm ﬂ Packer radius
delta 1 mm LI Radial clearance
el 0 mm = Assambly eccentricity 1
=] 0 mm LI Assembly eccentricity 2
Tekal 0 deg LI Initial angle pasition of &1
Tetaz 0 deg =) Initial angle position of &2
mug 0 Msimz LI Friction coefficient
Wemin 0,001 Minimal slipping speed
d* [u} mm T Inner diameker
D* 5 mm LI Outer diameter
B 0 mm it
2 \
Sﬁﬂhels‘
dunping |
package 1
v e
a
Subsystem 2
(inner)

Figure 11.11

NOTE: The side_1 parameter should correspond to the outer subsystem,
the side_2 — to the inner one.

NOTE: The element should be attached to both subsystems. The lack of
fastening of one side (side_1 or side_2) is not allowed.
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Table 11.5 Element parameters

Designatio | Description
n
L1 The coordinate indicates position of fixing point of
package 1 in subsystem
L2 The coordinate indicates position of fixing point of
package 2 in subsystem
L3 Coordinate of contact point. On default L1=L2=L3=0
kil Damper package 1 stiffness
cl Damping coefficient of outer damper package 1
k2 Damper package 2 stiffness
c2 Damping coefficient of inner damper package 2
R Outer radius of inner damper package 2
delta Radial clearance
el Initial assembly eccentricity of damper package 1
e2 Initial assembly eccentricity of damper package 2
Tetal Initial phase angle of damper package 1
Teta2 Initial phase angle of damper package 2
mue Coefficient of friction in a contact point
Vsmin Minimal slipping speed in a contact point. Vsmin=0.001
m/sec

This element is used only in transient analysis.
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11.10 [Dry bush] element
The element simulates dry bush support. Point or line contact type can be

selected. In case of point contact this element can be used as fast
substitution element for Clearance element, Figure 11.12.

Menu symbols Input box
Des Dry bush 4 Designation e
conn_type |via body 2| Type of connection
sidelsubs | shaft ¥ Side L subsystem
sicel | L000 mim ﬂ side L of
sicle2_subs | case - Sicle2 subsystem
side2 | 1000 mm ﬂ side offset
point v Type of contact X
L1 50 mm j Displacement LL E =
= Le+010  M/m | Damper package Lstiffness
1 100 N's/m =] Package L damping
R 500 mm ﬂ Packet radius
delta 2.2 mm ﬂ Radial clearance
mue 0 Friction coefficient
Vsmin | 0.001 Minimal slipping speed
axtautput | default = | Calculate intermediate parame
o 0 mim ﬂ Inner diameter
" . —ci '
Tvpe of contact in support, Can be paint o ine. ‘With line contact mament |
reactions will be calovlated, T - A

Figure 11.12

Table 11.6 Element parameters

Designation Description

Type Type of contact in support. Can be point or line. With line
contact moment reactions will be calculated.

L1 The coordinate indicates position of fixing point of
package 1 in subsystem

k1l Stiffness coefficient of outer damper package 1

cl Damping coefficient of outer damper package 1

R Quter radius of inner damper package 2

delta Radial clearance

mue Coefficient of friction in a contact point

Vsmin Minimal slipping speed in a contact point.
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11.11 [Active magnetic bearing support] element

The element is represented by a link between two subsystems. It models
active magnetic bearing (AMB), Figure 11.15. There are three main types
of AMB which are modeled: radial, cone and axial. Two different input
types are possible - [standard] (common parameters set) and [expert].
Expert parameter input is used for simulation of special cases and requires
knowledge of the algorithm of ¥
magnetic bearings. The model takes
into account: radial clearance,
maximal current and current
density, electromagnetic  poles |
number, control poles number, coil ||
remove option. The control pole is .
the axis that coincides with
direction of the resultant force from
the closest to it electromagnet. y
Current to these electromagnets is ~—

calculated from the displacements Figure 11.13

along the axis of the pole control.

Electromagnets are evenly distributed at the control poles, so the number of
electromagnetic poles in the support must be multiple of the control poles
number, Figure 11.14. Two control options exist - [PD — controller] and
[PID - controller].

Figure 11.13 shows elements with main geometrical parameters.
The maximum allowable current in the coil is saturation current. Minimum
number of electromagnetic poles and the poles of control is 3.

2l i3

o _”||||||....---|I|||||E—

gap

Figure 11.14
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Menu symbols Parameters window
. . . Des Active Magnetic Bearing support 23 2 Designation

&8 Active Magnetic Bearing suppart conm_type v boty = Type of connection
sidet_subs  |Shaft 1 ~| Side1 subsystem
sidet | 1000 mm | sidet offset
sde2_subs =l Side subsystem
Type Isotrapic | Link bype
Opk. Type standard ~| Options level byps
Geametry Type | Cone | Geamekry bearing configuration type
di 260 mm ﬂ Inner start diameter
& 188 ¥ | inner end diameter
2] 280 mm ﬂ Quter diameter
b 55 mm | magnetically sctive part wicth
Imax 5 A ﬂ Saturation current
Np 16 Number of poles
Phi_P1 0 deg | Angle position of the pole ML
e 4 Wb of camtrol prles
Teta_CP1 0 dey | Angle position of the control pole 1
Flux direction | removable_coils ~| magnetic ux direction
Fla direction | heteropolar = magrnetic ux direction
Imax 3 afromz | Maimum Current Density
Controller PID controller - Controller byps
Kp 100000 Proportional park of the PID-controller
Ki 1.7e+007 Integral part of the PID-contraller
Kd 1000 Differential part of the PID-controller

Figure 11.15

Control parameters K, K;, K, correspond to the following:

t du(t)
I = Kpu(t) + Ki f u(t)dt + Kd 7
0

where: | — current, fed control pole, u(t) - displacement in control pole
plane, t — current time, K, K;, Kq- proportional, integral and differential
coefficients.

PD — controller realize proportional — differential control law.
PID — controller realize proportional — integral — differential control law.

This element is used only in transient analysis.

NOTE: Input parameters type ([Isotropic] or [Full]) and direction of
magnetic flux options are not supported in Dynamics R4.6.
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11.12 Seismic excitation [Seismic excitation]

At the [Transient response] algorithm calculation, the link allows
modeling of kinematic excitation of the installation foundation and transient
processes appearing at it. One of the frequent cases is the installation work
under earthquake conditions. The element allows adjusting stiffness of the
basement link with the installation in three directions and assigning
spectrum of seismic excitation response from the part of the basement.
Excitation is defined as a polyharmonic signal acting simultaneously along
three directions. Time range of excitation is divided into several ones. They
are the ranges of divergent, constant and decaying amplitudes.

Menu symbols Parameters window
E Seismic excitation Des Seismic excitation Designatian
conn type via hody =l Type of cannectian
sidel_subs foundation front System 7| Side 1 subsystem
sdell 50 mm = sidel offset
=l Side2 subsystem
Kaox 14009 N/ 7 oo stiffness
Kyy Le+008 Nfm =] gy stiffness
= Le+000 Wi = bz stiffness
Foundation seismic excitation
et autput | default =l Callulats intermediate parametars
d 0 mm | Tner diameter
s 0 mm | uter diametes
3 0 mm = width
The variable ndicates & subsysten for bounary sechion 2 of elastc Ink. O defeul the
subsystem is foundafion [zero subsyetem)

Figure 11.16

Stiffness of the model link with the basement is assigned by the stiffness
factors Kxx, Kyy, Kzz.

NOTE: To calculate the [Basis] algorithm, presence of linear links between
installation and basement is necessary. Stiffness for displacement is defined
as relatively small (in comparison with stiffness in non-linear element).
Freedom degrees of rotation angles may be fixed by significant moment
stiffness (1e10-1ell N/m)
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To adjust the parameters of seismic excitation it is necessary to call the
dialog of extended setting by double click at «...» () or by “Extended
properties” command in the context menu.

Seismic Excitation settings ‘ .. - T
Result excitaion diagram
fIHa) Alm/s*2] |} 0.000: 0.000 Seismic excitation signal
0.08 0,68 a0 |
025 Ly 20 1
15 858 9
7 558 2 04 b
- 5 il L
1 5,886 =| g -0 1T
L
13 554756 20 N T L | T 1T 11 T i
2 2083 =0 [ 1
oo e e o e e T T
53 19 3 0 1 2 3 4 5 [ 7 8 B 10
! 2983 Time
517 2083 -
266 0 Ground response spectra
Citpe real 2| Start time definition 7 £l 4
stgeal 0 s |Realstarttime 6
ot o
. =l gt & ¢ hLN
tsteady s ] 1 amplit & 4 £
ELE
aec [ETNFENEIE EENCR S ¢ <3
DR . 2 £ -
initphase |0 deg_~| Excitation init phase =
vertreduct yes = Reduce vertical amplitud Pe——
1 10
< 0 y 2 Freguency i
[Decaying part excton gnal tme range weh acting  Ground responss L 2] o [t T oo [ule [ Ju ]
idamping ratio
flHz] 008 025 43 32 (334 34 51T (Te6 82 M3 100
6 pag | [Atwsr2 058 L7 sss sss ssss 0 204 BN 204 2043 H

Figure 11.17

Figure 11.17 shows dialog of setting seismic excitation influencing the
basement. The following control elements are shown using figures:

1.

The table with the characteristics of time ranges of seismic
excitation. Figure 11.18 shows different stages of seismic
excitation— areas of divergent, constant and decaying amplitudes of
the input excitation. When the time range t_dec is over, seismic
excitation is switched off. It is recommended to set this value
beyond integration time.

The table of frequencies and amplitudes of harmonic components
which determine the response spectrum at seismic excitation. The
significant points of the diagram of response spectrum should be
assigned. If the additional harmonics (such as those corresponding
to the natural frequencies of design) are required to be defined,
then negative number may be put in the sell for amplitude or the
sell may remain empty. In this case amplitude values for these
frequencies will be interpolated according to the given significant
points. If one of harmonic components should be switched off
temporarily then zero may be put in the amplitude sell.

The resultant table of the response spectrum with the interpolated
amplitude values.
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4. Response  spectrum  presented as  amplitude-frequency
characteristic.

5.  Amplitude-time characteristic of polyharmonic signal for the area
of constant amplitudes.

6. The button “Add” is for adding the additional harmonic
components into response spectrum from seismic excitation.

50

40
= L
N | |
E 20 £ | .
A N
c L f STy
5 i
S
g -0 ” ‘ 1
F}
3 20 i
: | |
2 20 i

-40

-50

L L L L L L L 1 L 1
5 0 5 0 15 20 25
t t2 3
to
excitation excitation amplitudes  excitation steady excitation turn off time 5% DR aplies to t3
start time grow time range amplitudes time range
(A=A"t2/(t1**2)) (A=A)

Figure 11.18

11.13 Unbalanced magnetic pull

It is the link modeling the effect of unbalanced magnetic pull (UMP) in
electric machines. In case of appearance of air clearance irregularity
between a rotor and a stator, as a result of static and dynamic rotor
eccentricity, electromagnetic field provokes a one-sided radial force applied
to the rotor centre and directed at the part of the minimum air clearance.
UMB works to increase the rotor stiffness. Unbalanced magnetic pull is
inherent in hydro generators and electric motors.
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Menu symbols Parameters window

Des Unbalanced Magnetic Pull{UMP) 1 Designation
conn_type |via body h Type of connection

sidel_subs =l Sidel subsystem

sidzd_subs =l Side2 subsystem

model [T | UMP model type

L 0 m =l rator length

agap 1 mm 7| Air Gap

Ds 0 m j statar diameter

Hp 3 number of poles

55 0 avm ] Stator linear current density

B 0 T =l The air-gap magnetic flux density
ke ) Carter factor

ext output | default = Calculate intermediate parameters
d 0 mm | Tnner diameter

D [ mm j Outer diameter

B a mm j width

Selection of the different models of UMP. EM iz used for aspnchronous electric motors. Hydro is to be
sed for hyco generators

Figure 11.19

Table 11.7

Choice of the model type for UMP calculation. EM is
used for asynchronous electric machines. Hydro is used
for multipolar machines such as generators for hydro

model turbines
L Length of the rotor part with winding
air_gap Nominal air clearance between rotor and stator
Ds Inner stator diameter
Np Number of poles
Ss Linear current density in winding
Nominal value of magnetic field induction in air
B clearance
Carter factor (Factor of air clearance) may be obtained
as ratio of maximum magnetic induction in clearance
kc to the middle one

Figure 11.20 shows interaction between the models of the rotor system and
UMP model while integrating
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Dynamic model of rotor system

Dvnamics R4

MG} + [C]{) + [K]{u) = (F(0)} + (R}

A
{u, 1) H / \\
N/ ®)
A4

Model of non-linear link (UMP)

B"- 2
L) -2 Re - ()
R} = € . or
2+
B oSS R3lm £
2(2p)?6,° (1 — e2)3

(R}

Figure 11.20

In case of UMP modeling for asynchronous machine, the first equation is
used. In case of a hydro generator the second equation is used. It is
attributed to some peculiarities of every type of machines.

11.14 [Annular seal] element

This element models interaction between a rotor and a stator in case of
incompressible fluid with constant viscous flowing through small clearance
under pressure - Annular seal (Figure 11.21). The mathematical model of
this element takes into account: the algorithm which describes the bulk flow
with centering force (Lomakin effect), inlet whirl factor, entrance loss
factor. The mean axial velocity is defined by an iterative process. The
rotordynamic coefficients are calculated in the centered rotor position.
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Menu symbols Input box

{8 Annular seal
Des Annular seal 1 Designation
conn_type via body j Type of connection
sidel_subs ﬂ 5
side?_subs j Side2 subsystem
R 120 M j Annular seal radius
L g mm ﬂ Annular seal length
delta 0.25 mm j Radial clearance
dpP 5e+006 M2 ﬂ Pressure drop
mue 0.000183 Ms/m2 ﬂ Dynamic viscosity
rho 1000 kg/m3 j Fluid density
alpha 0 Inlet whirl factor
zeta 01 Entrance loss factor
ext output | default ﬂ Calculate intermediate parameters
d* 0 mm ﬂ Inner diameter
o 0 mm j Outer diameter
B* 0 mm ﬂ width

Figure 11.21

11.15 Calculation of stiffness and damping in non-linear elements

If the extended choice [expert] is defined in parameters of a non-linear
element, the coefficients of stiffness and damping matrixes are calculated
additionally in correspondence with the freedom degrees of this element.
These coefficients are calculated by numerical differentiation that leads to
slowdown of total time of the model calculation.

NOTE: Calculation of stiffness and damping for the [Dry bush],
[Clearance] elements is not provided.

Figure 11.22 presents an example of stiffness and damping coefficients
output for a journal bearing.
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Transient response Transient response

[Plain Journal Bearing support 3] [Plain Journal Bearing support 3] [10.1.2012 (14:14)]

Kt K21 Kt12 Kt22 cti ct21 ctiz ct22
6+ 8=
g s | \ g7
g 4t N @ 5+ \
- E T s
£ 3f M~ E 3
E o e~ g, \
e 2 3 E
3 E £ 3 N
€ 11 IR -
B g a E
2 E p—
5 4l E'E ———
g7 F 2 0= :
I F a E
22 Bl
'JL\HIIHHH\IIIHHHI'IIIH"I\I‘I‘\‘H'\'I‘ 2 5l LULLLLL LLL LLLLLLLLLLLL Ll LAl ULL UL Il
500 1000 4500 2000 2500 3000 3500 4000 4500 5000 5500 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
[Mimin] [/min]
Figure 11.22

Factors numeration corresponds to the cells numeration in the 6x6 matrix,
where the first value corresponds to the row, the second one-to the column,
starting from 1. Thus, cross factor Kyx will be noted as Kt21, and moment
stiffness along y axis at loading along x axis - Kt15.

11.16 [Floating ring seal] element

This element models an interaction between rotor and stator in case of
incompressible fluid with constant viscous flowing between small clearance
under pressure - Annular seal, Figure 11.23.

The mathematical model of this element takes into account: the algorithm
which describes the bulk flow with centering force (Lomakin effect), inlet
whirl factor, entrance loss factor. The mean axial velocity is defined by an
iterative process. The rotordynamic coefficients are calculated in the
centered rotor position. At the results output you should consider:
Kxx=Kyy, Kyx=-Kxy, Cxx=Cyy, Cyx=-Cxy.
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Menu symbols Input box
&= Floating Rlﬂg Des Fleating Ring 1 Designation
) X conn_type | via body j Type of connection
P, sidel_subs j Sidel subsystem
side?_subs j Side? subsystem
V// x\ h 12 mm ﬂ Floating ring thickness
h //% R 120 mrm ﬂ Seal shaft radius
N L & mm j Length of the Floating ril
é T L = delta 0.25 mm ﬂ Radial clearance, Half dia
A }; TN dP 5e+006 N/m2 ﬂpreszuredrop
mue 0.000183 Ns_f'm2ﬂ Dynamic viscosity
mue_fr 01 Coefficient of friction bet
Fpr 0 N ﬂ Pressing force of the spril
rho 1000 kg/m3 ﬂ Fluid density
alpha 0 Inlet whirl factor
zeta 01 Entrance loss factor
rr 1] Mean surface roughness
rs 0 Mean surface roughness
ext cutput | default j Calculate intermediate pi

Figure 11.23

NOTE:
The ring is considered to be ideal without any diffuser or confuser in terms
of its geometry.
Clearance nonequality between the ring and the shaft, shape deviation of the
seal surfaces in longitudinal and cross-section direction are not taken into
account.
Change in friction force at change in contact area between the ring and the
shaft are not considered in case of the ring movement.
Rotordynamic coefficients are applied for the central rotor position.
Fluid is incompressible and homogeneously viscous.

NOTE: Side 1 — rotor, side 2 — case.

Table 11.1. gives list of expert parameters
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Table 11.1

Parameter

Description

Delta Pressure

pressure difference at regimes of the seal
operation, Pa

Delta_ux, Delta_uy

clearance change between the ring and the rotor,
mm

Ring_u_x, Ring_u_y,
Rotor_u_x,

displacements of the ring and the rotor relatively

Rotor u vy the case, used to build motion orbits, mm.
absolute value of displacement vector
e _ring (eccentricity)of the ring, mm

vec_FFrictionRest,
vec_FFrictionSlip

absolute value of friction and sliding force, N

vec_FHudrodyn

absolute value of hydrodynamic force, N

vec_Flnertia

absolute value of force making the ring move, N

vec_vel_ring

absolute value of speed vector of the ring, mm/s

11.17 [Crack] element

The element represents link between two rod subsystems, the shaft parts
separated by crack (Figure 11.24
). The element simulates change in local moment stiffness at the crack
section while the shaft is rotating.

The "Crack™" element is used together with the basis linear link whose
moment stiffness along X and Y axes is equal to minimum moment stiffness
of open crack k™™min = ki, The "Crack" element reproduces cyclic
increase and decrease in stiffness while the rotor is rotating relatively to

init
kiR,
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Menu symbols Parameters window
Des Nonlinear Crack Designation

‘III' CraCk conn_type  via connection paint = Typ&gnf connectiol
side1_c_point| Connection paint 1.Shaft 1.System _~ | Sidel connection ¢

Crack side2_c_point| Connection point 2.5haft 2.System 7| Side2 connection §

model breathing ~ Crack model
Krinput  calculate =l Calculate or input
a 3 mm ﬂ Crack depth
B 10 mm | Diameter of shaft s
teta 0 deg | Crack position spir
Nue 03 Poisson's ratio
E 2.1e+011 N.r'mlj Modulus of elastic
Kr basis 152443 N'm | From basis Link: o
Kr calc 152443 N*m j For Basis:Place this
etoutput | expert = Calculate intermec
d* 0 mm j Inner diameter
0 0 mm = Outer diameter
B 0 mm | width

Figure 11.24

The element's reactions are calculated in the following way:

{Mx} — [er(G)C12 + kry(e)sl2 - kirr)l(it er(e)clsl - kry(e)clsl
M Kr(0)C;S1 — ke (0)C;S; ki (8)Cy? + Ky (), — Kili®

Urx
ury ’

y

2. kinit
Ky (0) = ——M——,
() (1 = cos (8))
Key(0) = —25"
ry ~ (1—cos (e))'W ere

k. (0) — coefficient of moment stiffness in rotating coordinate system,

0 - angle between the shaft rotation phase and precession phase,

kit _ initial value of the moment stiffness coefficient, corresponds to
open crack,

u, — the section rotation,

M — bending moment.

The element gives an opportunity to simulate constantly open crack, in
this case stiffness in rotating coordinate system remains constant. Initial
stiffness values are calculated automatically for the set of given
parameters. Initial coefficients of moment stiffness can be defined by a
user manually.
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At output in the "expert" regime, the output of additional parameters
takes place:

e Krx [N*m/rad] — local moment stiffness in crack section around
Xr in the coordinate system rotating together with the shaft.

e Kry [N*m/rad] — local moment stiffness in the crack section
around Yr axis in the coordinate system rotating together with the
shaft.

o Kifx [N*m/rad] — local moment stiffness in the crack section along
X axis in global coordinate system.

o Kfy [N*m/rad] — local moment stiffness in the crack section along
Y axis in global coordinate system.

o Kifxy, Kfyx [N*m/rad] — local cross moment stiffness in crack
section in global coordinate system.

NOTE
1 If stiffness of basis link is unknown beforehand, only geometrical
crack parameters are given, it is necessary to calculate one point at
transient response of the system when basis link has zero stiffness
matrix. In the window of time signal output you should choose output
of inner parameters of the "Crack" element. Then you should copy
stiffness coefficient _Krx from signal and paste it as moment stiffness
coefficients along X and Y axes in stiffness matrix of basis link. If
moment stiffness of basis link is known beforehand, it is necessary to
input the values into the corresponding interface field of the "Crack™
element.
2 The element should be always fixed to two subsystems. It is not
allowed not to fix it from one of sides (side_1 or side_2).
3 In case of manual assigning of initial coefficients of the crack
moment stiffness it is necessary to define coefficients in
correspondence to the coordinate system shown in the picture.
4 With decrease in crack size, error of automatic calculation of initial
stiffness increases.
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11.18 [Shaft misalignment] link

The element models a link between two rotor subsystems (the shaft parts)
coupled together with misalignment (see Figure 11.25). The element “Shaft
misalignment” reproduce cyclic variation of the coupling stiffness matrix
during rotation accounting for relative parallel and angular misalignment.

Table 11.2
Parameter Description
stiff_matrix Stiffness matrix 6x6 of the coupling without misalignment
ut x,ut y Radial displacement of the node “b” relative to the node “a”
ur_x, ur.y Rotation of the node “b” relative to the node “a”
Menu symbol Parameters window
_r' M iSﬁ.'I nment (Shaft) Des Misalignment 7 Designation
g conn_type via connection point | Type of connection
sidel_c_point cp 1 misalignment poi..._ | Sidel connection point
ol b side2_c_paint cp 2 misalignment poi... 7| Side2 connection point

Stiff_matrix stiff_matrix
Type nonlinear = Modsl or nonlinear link type
misalignment switch | yes = Use misalignment settings
utx 0.0005842 m | Displacement in x direction
ut_y -0.0007874 m 7| Displacement in y direction
ur_x -0.00349 rad ﬂ Rotation about x direction
ury 0 rad 7| Rotation about y direction
d* 0 mm ] Inner diameter
D* 0 mm ﬂ QOuter diameter
B 0 mm 7| widgth

Figure 11.25

Note: Foundation of the Dynamics R4 algorithms is the small deformations
assumption, e.g. the model nodes never move out of their initial planes
attached to the rotor system cross sections. Therefore, the element “Shaft
misalignment” is capable to reproduce small misalignment and is not
applicable for modeling of spatially rotating frames.

Note: Node “a” of the element “Shaft misalignment” have to be always
connected to the left subsystem, while node “b” - to the right one. Both
nodes “a” and “b” must be located at the same cross section of the rotor
system, e. g. the axial distance between them has to be 0.

Note: Equal rotation speeds have to be specified for each of the subsystems
connected by the element “Shaft misalignment”.
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12 GROUPS AND VARIABLES

12.1 Group of elements [Group]
The element is used for variant calculations, Figure 12.1.

Menu symbols Input box

- Group

Designation
Skatus

Figure 12.1

A user can select some elements of the rotor model and exclude one or
several groups from them. Each group has an appointed status [enable] or
[disable]. Subject to that status the group elements will be used or not used
in the rotor model when calculation is carried out.

NOTE: In group user can include only elements with zero length (linear
and nonlinear links, masses, couplings, etc.)

Procedure to create a group of elements is presented below:

. Start the project

. Add new subsystems elements that will be included in the
group

. Double click on the element [Group] to create the element

[Group] in the project. The first group will be named as [Group 1]. The
second one — as [Group 2], etc.

. Select the subsystems elements and drag them into the field of
the element [Group 1] or the other group (*'drag and drop™ Windows
technology )
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Assign the status of [Group ...] element, [Enable] or

[Disable]

NOTE: The elements of all groups are output in the project model screen
regardless of the group status

NOTE: Any element may be placed into the group, except elements with
length

When dragging the point element or link into the group, the model tree is
renewed and collapses. This may be inconvenient in case of adding several
lengths less elements or links into the same group in the nested assemblies
for example. The command [Add To Last Group] may be used after any
element addition into desired group using dragging. When addition of all
elements is finished, the key F5 should be pressed to refresh the model tree,
Figure 12.2.

= Link stiffness and damping

|,;‘..:_ Add To Last Group |

{g Get Global Coordinates

Figure 12.2

12.2 [Variables]

The program includes two variables types [Value variable], [String
variable], Figure 12.3.

Menu symbols Input box
giables Des I Designation
Yalue wariable ) o , .
S String varisble File: File with predefined variables

Figure 12.3

The element on default always exists in project file.
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At double click by left mouse button on the field with the name of the
parameter, which the variable is attached to, the window of the linked
variable characteristics will be activated, Figure 12.4. At double click on
the name of the link attachment field, switch to the nearest element in the
subsystem takes place.

After this you can switch to the previous active element by pressing key
combination [ctrl+shift+z].

=-—sk Subsystem 1
o Input speed 1
| @ Mass13

| B3 Beam12

I =R

Des Input speed L Desig

L] mm Tz

m Subsystem LInput speed L L-‘minﬂ" abaur
D L] mm J' amet

Visibility |9 Element Visibi

Figure 12.4
12.2.1 Value variable

The [Value variable] is used in the following actions:
o to define a variable value irrespective to time that may be assigned
to a few parameters of the dynamic system;
e to specify a value of a time dependent variable that may be
assigned to a few parameters of the dynamic system.

Rotation speed, support stiffness, support location, dimension or mass
parameters may be among the parameters.

The [String variable] is used in creation of text variables and in user-
programmable elements. For example, a script algorithm may be connected
to a few equal non-linear links. This allows editing a script algorithm in one
place.

The variables [Value variable], [String variable] are moved to a project
file by double click of mouse left button.

The [Value variable] input is carried out by the following steps:
e Using cursor, select the [Value variable] line in the project and

designate a name of variable (for example, [Subsystem 1 Input
speed 1], Figure 12.5;
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Des | Subsystem 1_Inpuk speed 1| Designation

walue | | Walue

Figure 12.5

Using cursor and right button of a mouse, a user opens the list of
the following commands, Figure 12.6;

Des  Subsystem 1_Input speed 1| Designation

wvalue |... .

Extended properties
Attach external wariable

Detach external variable

Figure 12.6

Using command [Extended properties], a user inputs parameter
value versus time parameter, Figure 12.7. Also it is possible to
obtain the interpolated values of the function and the argument.

Chaacioiic cuve 000

ime
pusmetzc Subsyslem 1_irent spssd 1
' "

1 000

2500

|
[

[ Move dow |

2000

nput speed 1

1500

1000

Subsysterm 1

[ pewe | 2 500

uuuuuuuuuuuu
Timeindepended vaie time

C WaE )] [ oanen | [ )
Figure 12.7

NOTE: Pay attention to the following - [Time independed value] has a
value that is used for computation of system basis. On default the [Time
independed value] is zero. User can change this value for any other

NOTE: In any algorithm variables are extrapolated beyond the defined
utmost values. Only in linear algorithms rotating speed is not extrapolated,
and calculation is carried out up to t_pr corresponding to the maximum
value of the speed variable
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e A user closes window with [OK] and a variable automatically
becomes an external variable with the name [Subsystem 1_Input
speed 1;

e A user selects the variable parameter (for example, omega_z)
(Figure 12.8) and assigns an external variable to the variable
parameter by means of the [Attach external variable] command,

Figure 12.9;
Des Input speed 1 Designation
H 450 mm |z coordinate
omega_z _ 1fmin | Yelocity about 2 direction
O 0 mm | Cuter diameter
Figure 12.8
Parent abject selection
2 Exampie 4
= (B Variables
[ Subsystem 1_lnput speed 1
Figure 12.9

12.2.2 String variable

The [String variable] is used to form text variables. The element is often
used for user-programmable elements. For example, one script algorithm
may be attached to several identical non-linear links. This allows editing of
the script algorithm only in one place and once.

Building of the [String variable] is carried out by the following steps:
e Using cursor, select the [String variable] line in the project and

designate a name of text variable (for example, [Rolling bearing
script]), Figure 12.10;

Rolling bearing script [ sy Elly]

value
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Figure 12.10

Use the [Extended properties] command for input of a text
variable, Figure 12.11;

Detach external variable

Figure 12.11

When this command is completed, the text variable input window
appears there, Figure 12.12;

“Tvalue
|

11 [eh (e J[ ok |
Figure 12.12

The algorithm text is input in the script language, Figure 12.13;

12-121



User Guide

1 Behavior sc ript

Frotn dynlib import *

frommath import *

Fror Mumeric import *

from LinearAlgebra import *

Fram dynlib import trace

#aetting current rotating speed of aside 1 subsystem

omegal =exchangeContainer getDoublevalue{'rotating_speed1)
#oetting current rotating speed of aside 2 subsystem
omegaz=exchangeContainer.get oubleYalue( ' rotating_speed2 ")

def Print_mir{A):
#Prints matrix A, for debug purpouse
rows=range (size{A, 0))
cols=rangeisizeA, 1))
strRowA=""
for i in rows:
forj in cols:
strRowA=strRow A+ wstrAli][1
trace (strRowA)
strRowA=""

2.

#oetting current integration time of transient analysis
t=gxchangeContainer.getboubleYalueintegration_time '

ux1=exchangeContainer get Double value ('ux1")
uyl=exchangeContainer.get Double Yalue ('uyl )
uzlzexchangeContainer.get boublevalue('uzl )

angeContainer getboublevalue'ux2 )
[ I TS

Fuam

hd

Ln1791  [Ehi

Figure 12.13
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When the text is input with [OK] button, the value string show
three dots that indicate assigning of a value to the [Rolling

bearing script] variable, Figure 12.14;

value [ .-

Des | Roling bearing scripk | | Designation

Figure 12.14

Select the target parameter for the external variable, for example,
[Ball bearing], in the tree. The bottom screen shows the element

input window, Figure 12.15;
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Des Ball bearing

st [
conn_tvpe | via body LI
sidel_subs | Subswstem 1 LI

sidel | 1
sideZ_subs | Subswvstem 2 LI
sideZ_| 1
d* 1]
o* 1]
E* 1]
Figure

Designation
Behavior script
Twpe of connection
Sidel subswvskem
mm LI sidel offset
SideZ subswskem
mm LI sideZ offset
mm LI Inner diameter
mm LI Ouker diameter
mm LI width
12.15
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A click with the mouse right button opens the command list for the

16;

external variables, Figure 12.
Des Ball bearing
scripk r

conn_type | via body
sidel_subs | Subsyst

Extended properties
Attach external variable
Detach external variable

Designation

on

sidel_| 1 mm sidel offsel

sideZ_subs | Subsystem 2 LI Sidez subsystem

sidez_| 1 mm j side? offset

d* ] i LI Inner diameter

o 0 i j Cuter diameter

B ] i LI width
Figure 12.16

Select the variable and carry out the [Attach external variable]
command. There appears the external variable list that consists of
variables of all types including text variables, Figure 12.17;

I Parent object selection

? [Exa
= Variables

|2 Ralling bearing script

Figure

Cancel

12.17

Select the variable and assign its value with [OK], Figure 12.18.
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Des Ball bearing Designation
scripk Ralling bearing Behaviar scripk
conn_type | wia body ﬂ Type of connection
sidel_subs | Subsystem 1 j Sidel subsystem
sidel | 1 i LI sidel offset
side?_subs | Subsystem 2 ﬂ SideZ subswstem
sideZ_| 1 i LI side2 offset
d* 0 ulut LI Inner diameter
O ] i LI Cuter diameter
B 1] mm LI widkh

Figure 12.18
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13 DYNAMIC SYSTEM SIMULATION

13.1 Screen image control

Figure 13.1 demonstrates a screen for simulation of a new dynamic system.

=] - [T53,_fullsdm:1] - olEl
W Fle Bt View Toos Window Help o=
NEAASE e[S O
T o35 Cras smmaomi1,” W TS5 fullrmet « Bements ax
2 = 7 System dements D
e e e pilasty
ot Fer GF mppot case Qusrco o] T Y vk ellel x|[E=EHy Bk ¥ ¥E Bt
igid lnk 3 I Substem cements
C Kinematicjont

-+
Figetirk: 4 Eng

4347m, sizeZ=0.238)

GOx=0m, 6 m

o165 438k, e 24 4057k 7, Jy- 24 485 Ty m?. Jz-2.4225ky m? 2 Bam

& shel

3 Shelwithfange
Disk

P tusine bal beaig
araties

38 g
] Aoatens
& e

Figure 13.1

The upper part of the model input-output window has a line with the screen
image buttons, Figure 13.2:
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Outer caze * || T53 ful

THOoMEG x o= Y9GE TFO
Figure 13.2

The buttons are the following:
IHotor PT turbine stage

7. a list with the name of the active subsystem.
TSE - shows the name of the assembly or the
submodel which was selected in the filter dialog

T - call of filter dialog. The dialog with the model structure will be

shown. If a user chooses an assembly or a submodel, then only nested
subsystems and links will be shown

- mouse cursor activity;
- image scale control;
- move the picture in the window;

2 match the picture and the window size;

K. delete an element. The element may be shown in the model or with the
cursor in the project menu;

- display a 3-D project model with intermediate boundary elements
lines

@ - display a 3-D project model,;

- display the model skeleton;

— assemble subsystems on a common axis;
i move subsystems separately;

s . expand assemblies on one level;

[ undo expansion on one level;

Rl display a single active subsystem;
o

- visualize only current assembly/submodel.

- turn on/off output of mass and inertia properties in 2D window
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13.2  Creation of single subsystem model

Creation of a model begins from definition of submodels, assemblies within
each of them, subsystems inside assemblies, etc.

The result is the hierarchy of the main structure units, for example, Figure
13.3.

wh File Edit View Tools Window Help _8][x
T =1 = NN IR AR A=) |
WF oynamicsz1, [ W ROTOR HP 153 10092006.1am:y,” W Tsirami X |

? T . Freeze
Engine case
GP rotor Outer case T53_ful TR piﬂ x ‘@_‘,‘ ASBH T
PT rotor
X PT font support
X PT tubine rol bearing
‘X Front GP support (sauirel cage)
X Engine mounting
- Rear GP support
E  PT tubine ball bearing
B vaiiables L R A |1 | A IR 5 -
Materials z
2] Groups
=} Algoithms
- Basis ¥
@ Criical speeds
2] Natural frequency map 2

I

Des TS3_Full
title T53_full

Ni

description Proje.

name  Leontier MK User name E
modfied | 23.10.2006 (14:23:53) Dats of last modificatior
0 mm | coordinats

0 mm =y coordinate

0 mim |z coordinate = ol s @
0

dea | Rotation about xwas

eps_x
k!

Y Y
[Translation of subsystem along Z asis

For Help, press FL

cap NUM SCRL

Figure 13.3

Each of the structure units may match with one or a few subsystems.
The subsystems are built subsequently.

1. Select the structure unit in the project menu in order to include it into the
subsystem.

Select the [Subsystem] element and move it from the library by “Drag and
Drop” into the input-output window.

The screen (Figure 13.4) displays the first beam element taken by default.
Later the element and its parameters may be corrected or deleted.
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ey T T TN R, ===
WF File Edit View Tools Window Help _[=]x
losmisor e n @0
W Dynamicszl X [ WA ROTOR HP.153.10092006.amid | WK Ts3ramil | -
7 S =
sk Shait
2 B TR W& X D= % 66| ¥ ¥
Variables o
Mateiils
=[] Algarithms
e Basis 4
Des  Beaml Designation *
seRet zlandz2 x| Measurement
Is 100 wmm =] Length of elem L - -
21 0 mm | start coordinat
2 O v | End coordinate,
Type  cylinder = Type |
di ] o = Ioner st dian v
L] mm | Quter start dian _ v
o i >
Coordnale [22] i diecton Z ndcates th pasiion of ight side
of lement
For Help, press FL ap UM SCRL
Figure 13.4

NOTE: Keep in mind that any subsystem must be of a positive length

2. Here the user defines general properties:

o Unigue name

NOTE: The subsystem should have a unique name related to the
structure. It helps not to feel lost in complicated dynamic systems
consisting of a few subsystems

o 3-D location is defined by coordinates of the system left end.
By default all the systems are created co-axially;
o Subsystem material. If it is necessary, the material of some

elements may be re-determined.

3. Assemble the model of linear elements by using the “Drag and Drop”
function.

The element parameters may be edited together with the element input or
with the model editing. For this purpose select the special element
(Figure 13.5) with the cursor or in the project menu. After the element
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selection the left bottom window [Element data window] opens the
element parameters that may be edited. The data may be input with a cursor
click in any point of the screen.

NOTE: To select an element, place the cursor on it and click the left mouse
button. The selected element becomes active and its contour is highlighted
with red. Links with the zero subsystem, or with the basement are selected
through the project menu

NOTE: All the elements with determined dimensions are displayed in the
proper scale

- [ROTOR HP_T53_10092006.rdm:1} = J
W File Edit View Tools Window Help _[=][x

loerixoniesin/ S0l
wE_Dynamicsz1,” WF ROTOR HP_TS3_10092006.cdm:t  x | WF T53dmi | -

7 ROTOR_GP_TE3 [ Freeze |

- Impeller ([ Feme ]

4 GPbine ADTOR_GP_T53 TRHLw e X[E=E0¥ k& T ¥
—s} GP rotor

-~ X Rigd link 3

X Rigid link 4
)| Warisbles

Materials

=[] Algarithms

e Basis =
Des Rigid link 3 . P S A _ = .
Z

conn_type | via body

sideL_subs | GP rator. ROTOR_GP

sidell  [349 =
side2_subs | Impeller ROTOR_GP
sided | (340 Y Y

1Ty Fivad
Ey | v

For Help, press F1 caP NUM SCRL

Figure 13.5

The selected element may be deleted, or copied, or inserted into any
subsystem. The right mouse button opens the context command menu,
Figure 13.6.

13-129




a4
TRANZIT
LS4 4

User Guide
4= Undao Ctil+Z
= Reda Ctrl+Y
&% Cut Ctrl +X
(41 Copy Ctrl+C
Paste Ctrl+V

Delete

Caonvert Rigid to Spring

Visualisation 2

Figure 13.6

You may take an element from the library and insert it into any place of the
model. This action changes length of a subsystem.

NOTE: If a subsystem consists of many elements or the elements’ length is
small, they may be displayed as a line. This image is not convenient for the
selection, so select one subsystem or use the [Zoom] function

Beam or shell elements may be amended by addition of joint, or mass, or
load elements. If so the beam or shell will be split into two parts in the
addition section.

Sometimes it is required to add the section in the model without recourse to
autodivision of beam and shell elements. Or it is needed to divide the
elements into those, which autodivision can’t be applied to. For cylindrical
elements it could be also done before using the function of the elements’
copy-paste.

Now at double mouse click in the 2D panel, the dialog window (Figure
13.7) appears where it is possible to edit the coordinate of the element paste
either in the local coordinate system or in the global one. Paste of the
section in the global coordinate system can be useful at setting the section
for the link attachment in the [via body] regime where coordinates are given
in the global coordinate system of the model.
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Add Section ‘ lg

Coordinate (Local)
336,235 m
Coordinate {Global)

Figure 13.7

This functionality may be also used for approximate determination of the
coordinates in the model.

NOTE: All element parameters except geometry will be duplicated

When checking the model, distances between different model stations (for
example, between supports) are sometimes required to be obtained. As the
elements’ coordinates in subsystems are given in the local coordinate
system, this may cause difficulties.

The command of the context menu [Get Global Coordinates] is available
for elements, links, subsystems and assemblies, Figure 13.8. The output is
done in the [Log] window in the following format «[name of element] x1
yl z1 x2 y2 z2». For lengthy elements, subsystems, links the start and end
coordinates are output. For point elements, the coordinates 1 and 2 are
duplicated. For assemblies the coordinates of origin of the assembly’s
coordinate system are output.

|{§3} Get Global Coordinates |

Visualisation 3

Figure 13.8

User can change transparency and colors of the model elements with the
help of “Visualisation” context menu command (Figure 13.9). This
command can be applied to single elements, or all elements inside shaft or
assembly structures.
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4=, Undo Ctrl+Z
= Redo Ctrl+Y
e Cut Ctrl+X
51 Copy Ctrl+C
[ Paste Ctrl+V
i Delete
o Validate
|+ Moveup
Foundatior & Move down
Foundation {et  Get Global Coordinates
Foundatior|
Foundatior \_Visualisation {t visible
Foundation PERgHt 2 £ transparent
Variables Lo
Matesials v - invisible
@ black
Casing Designation @ dark grey
0 mmLIxcoordinate @ silver
0 mmdycoordinate @ red
0 mmLIzcoordinate bronze
0 deg d Rotation about x axis . orange
0 deg LI Rotation about y axis 1 yellow
0 deg d Rotation about z axis @ green
pe local Defines of scope for link connections & skyblue
@ blue
@ violet
J custom

Figure 13.9

13.3 Creation of a multi-subsystem model

Creation of a multi-subsystem model is done in the following steps, Figure
13.10.

. Separate subsystems are created. The subsystems number is not
limited.
. The subsystems are linked. Each link simulates a linear or non-

linear element of the real dynamic structure. The number of links is not
limited.
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NOTE: Link may be directly attached to the subsystem. In this case
position of its boundary point is determined by Z coordinate. Link may also
be attached to link point that had been assigned beforehand. For spaced
systems the variant of link attachment is preferable

. Links parameters are determined.

~ [ROTOR HP_T53_10092006 rdm1] [P e

¥ File Edit View Tools Window Help _[&]x
I . - =

== e R AR S is=lla])

W¥ Dynamics2it,” #¥ ROTOR HP_TS3 10092006rdmd [ #F T53cdmid. | ~

? ROTOR_GP_TE3

- Impeler
sk GP tubine GP rotor ROTOR_GP_TS3 TR p@‘ x ‘@_,‘ ﬂ_ﬂ&) Hlrw
~# GF olor
X Rigdink 3
X Rigidlink 4
Variables
i G Materials
=] Algoithms -
e Basis

Des Rigid link + o
conn_type via body =
sidel_subs 6P rotorROTOR GPTS3 |
f 109 "
+ 6P turbine ROTOR_GP_T53
ARNEL]
T fived
Ty fired
Utz fived
URx fired
URy fived
Uz fired
d 0
] 0

W

El

I

{8 ER{ KR{ Exy el

x

AMEENE)

i —T—

For Help, press FL cap NUM SCRL

Figure 13.10

NOTE: Links parameters may be input or edited through links selection in
the project

NOTE: Unique names of the subsystem links are very useful. This measure
may help in analysis of calculation results of complicated systems

Figure 13.11 illustrates a system consisting of six subsystems. All the
subsystem links are elastic or rigid. The axes are spaced conventionally.
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B - [T53.0m:1]
W File Edit Niew Tools Window Help

el el nlEZ o8

7 T5LR -

=-[B] PT rotor
~s# Flotor PT turbine stage
sk Pove tubine stage 2
s Rotor PT

X Coupling

Fiid Ik 4

Variables
&P Materials
X P front support

I

"X PT tubine roll bearing
X Front GP support fsquirel cage) 2
Des 53 full Designation
title 53 full Project title
desciption Project description
name  Leontiev MK User name
modified 23102006 (1423:59) Date of last modification

x o mm = coordinate

mm |z coordinate

: '
eps.x 0 deg | Rotation aboutx wis
iy 0 deg | Rotation abouty mis
eps.2 0 deg | Rotation abautz ads
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Figure 13.12 shows the initial position of subsystems.
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13.4 Spacing of assemblies and submodels

Building the complex model, it is desirable to structure it properly. Spacing
of assemblies and submodels may help significantly in the further work at
the model. In addition to convenience of work in the model tree,
visualization of the subject of inquiry at spacing of the model’s components
is improved.

Figure 13.13 shows an example of the consecutive model’s spacing into
submodels and assemblies.

T.*
1-

Figure 13.13
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To visualize mode shapes, it is preferable to single out into separate
structural elements not according to the engine modular design but
according to its belonging to cases and rotors.

NOTE: Every pressing the “Expand assemblies” button spaces model to
one nesting level.

The order of arrangement of such elements as [Assembly] and [Submodel]
may be changed in the model tree. For this the commands of the context
menu “Move Up”, “Move Down” may be used, Figure 7.6. Change in the
order of sequence of structural elements in the model tree is for change in
visualization at spacing of assemblies.

13.5 Import dialog of parameterized data of stiffness and damping in
journal bearings

Stiffness and damping parameters in journal bearings depend significantly
on the rotor speed. Figure 13.14 shows the table with the calculated
coefficients in the XLPocket program (www.rmt-inc.com)).

S e e

Figure 13.14
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Such bearings are modeled with the use of parameterization of the
corresponding sells in the stiffness and damping matrix of the Elastic
nonsymmetric link.

B Matrix X LE nonsymmetiic ink
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Figure 13.15

This type of a link is taken into account in the modal analysis algorithms (in
all algorithms except Basis algorithm). It is also possible for this type of a
link to define nonsymmetrical stiffness and damping matrixes typical of the
journal bearings, Figure 13.15.

For the correct calculation with Elastic nonsymmetric link, a spurious link
should be present to calculate basis and to obtain the whole set of shapes.
There is a special dialog of the bearing data input in the table form to
automatize the initial data input. The dialog may be called from the
“Service\lmport of bearing table” menu, Figure 13.16.
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Figure 13.16

Figure 13.17 shows the dialog of the table data processing. It allows
generating of new links in the model with the automatic attachment of
variables and data editing in links which already exist in the model.
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Figure 13.17

The following groups of elements are denoted by figures in Figure 13.17:
1. There is a table containing rotating speeds, stiffness and damping

data. When pasting in the program, rotating speeds are interpreted
as time_proportion (the first column in variables), stiffness and
damping are in the Sl system (N/m, N*sec/m)

2. It defines an assembly in the model for pasting new Elastic
nonsymmetric link and set of variables.

3. They assign coefficients to convert table data. They are used to
correct speed in time proportion, and to convert stiffness and
damping from paste values into SI system.

4. Control elements to attach prefix and suffix to the variable name. It
is necessary when there are several bearings in the model in order
to separate the names of the variables attached to different links. In
case if the «diagonal» element is ticked, only diagonal elements
are processed.

5. The group of elements for assigning the link characteristics.
Determination of new link name of loading data from the links that
exist in the model. To activate elements of loading contral, it is
necessary to mark the “Replace Link” point.

6. Visualization of data that are input in the table of stiffness and
damping. For example, if «Stiffness» is ticked, only columns
corresponding to stiffness are output. At «Custom» choice, those
columns are output where the first sells are highlighted.
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To visualize mode shapes it is preferable to highlight some structural
elements not according to the modular design of an engine but according to
belonging to cases and rotors

NOTE: every pressing of the [Expand assemblies] button spaces the
model to one nesting level

Data import on stiffness and damping from a text file is also possible. The
file should consist of 9 columns with data separated by white-space. White-
space should terminate the row. The first column — rotating speeds, the
other 8 columns — stiffness (kxx, kxy,kyx,kyy) and damping (cxx, cxy,
CyX, cyy). The first row is ignored.
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14 FLUID BEARINGS ANALYSIS

14.1 Introduction

DynFB — a computer program specially designed for static and dynamic
performance assessment of different types of fluid bearings under stationary
working conditions.

14.2  Hydrodynamic bearing model

The mathematical model of the fluid film is based on the well know
Reynolds equation, which was modified according to the Constantinescu
turbulence model, together with the energy conservation equation for thin
films. The Reynolds equation is based on the following fundamental
assumptions:

e The fluid is incompressible.

e The flow takes place in a thin film.
e Fluid inertia is not taken into account.

The Reynolds equation makes it possible to compute a static pressure in the
fluid flow and has the following form:

3] h® op +6 h® op _ah+1 oh

R20g \ 12k 10 ) " 0z\12ku0z) ~ ot " 2% a¢’
where R — journal radius, u — dynamic viscosity of the fluid, h — radial
clearance between the bearing journal and the bearing housing, w — journal

rotation speed, ¢,z - angular and axial coordinates, t — time, k,, k, —
turbulence coefficients, which are calculated by the following formulas:
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ky =1+ 0.04417 - (k?Re)®"%3,
k, =1+ 0.0247 - (k*Re)*S,
k = 0.125 - Re®7,
where Re — local Reynolds number inside the flow Re = pROR

u

The energy equation for a fluid bearing is also obtained based on the
assumptions relevant for a thin film fluid flow:

e convection in ¢ and z directions significantly predominate over

diffusion

e heat capacity and thermal conductivity of the fluid flow are
considered to be constant in all the points of the computational
domain

e a stationary process is considered, therefore time derivatives are
zero

e inaturbulent flow, the effect of the turbulent mixing far outweighs
the fluid molecular diffusivity. Consequently, increase of the
temperature during viscous dissipation has a tendency to uniform
distribution across the film thickness.

Therefore, the energy equation has the following form:

oT oT\ 12pu ) R?w? wR\*
pCh(Uwﬁ'Wa) =?<kzw +kxT+kx(U_T) >+Qs,
—h? 0p Rw
V=12 rog " 2"
—h? op
~ 12uk, 07

Qs = hj(T = T;) + hy (T = Tp),

where p — the fluid mass density, ¢ — the fluid heat capacity, T -
temperature, U, W — velocities of the flow in circular and axial directions,
respectively, Q; — heat flow into the journal and the housing walls, h;, hj, —
heat transfer coefficients from the fluid to the journal and the housing,
respectively, T;,T, — temperature of the journal and the housing,
respectively. Connection between the Reynolds equation and the energy
equation is provided through the dynamic viscosity (a function of the
temperature) and the fluid flow velocity (a function of the fluid pressure).

The cavity region is defined by the Swift-Stieber boundary conditions:
p=0,
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The force acting on the journal is defined as the integral of the static
pressure field obtained from the solution of the Reynolds equation. The
equality between the specified external load and the computed reaction
force of the fluid film determines the rotor steady-state position. Static and
dynamic performance parameters are calculated for the obtained steady-
state condition.

14.3 Main assumptions of the hydrodynamic bearing mathematical
model

e The fluid is incompressible;

e The fluid is Newtonian;

e The fluid film is thin — = 0(107%);

e Fluid inertia is not taken into account;

e Surfaces of the journal and the housing are rigid and isothermal,

e Heat transfer by the fluid from one pad to another is taken into
account through a given hot oil carry over coefficient;

e Possible misalignment between the journal and the housing is not
considered into account;

14.4 Bumped type air-foil bearing model

For calculation gas pressure on the walls of the shaft and bearing housing,
the Reynolds equation for a compressible fluid is used, which has the
following form:

0 h3 ap 0 h3 op 1
R730 (Pﬁ%) + E(ng) 2% (Ph) +o0 (Ph)
where R — shaft radius, h - clearance distribution, u — dynamlc viscosity of
the oil, p — static pressure, w — angular velocity of the shaft, ¢,z — spatial
coordinates, t — time.
The pressure at the ends of the bearing is equal to the ambient pressure:

p(®,0) =p(e,L) = pa,

where p, —ambient pressure (usually equal to static atmospheric).
If the bearing consists of separate segments or leaves, then the boundary
conditions at the leading and trailing edges of the segments are ambient
pressure.
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p(@1,2) = p(92,2) = Py
Unlike bearings with rigid walls, the clearance in air-foil bearings depends
not only on spatial coordinates, but also on pressure. This is because the
leaves are compliant and deformed under gas pressure h = f(¢, z,p). The
clearance value in the bearing is determined by two terms. Primarily the
clearance is determined by the displacement of the shaft relative to the
housing hy(X,Y), but in addition to the displacement, the clearance is
determined by the leaf deformation &§(p). DynFB uses the well-known
Heshmat model to consider the deformation of the foil leaf lying on the
bump-strip layer.
h(p,z) = hy+ 8 = c+ Xcos(p) + Ysin(p) + K;(p — pa),
where ¢ — bearing clearance, K; — flexibility coefficient of the bump-foil
structure. The coefficient K; is determined by the properties of the bumped
strip material and its geometry (see Figure 14.1):
ac
K =({—)
N
a= Sgp;l % (1—v?),
Etjc
where s, - pitch between two bumps, [, - original half-length of a bump, ¢t,
- thickness of a bump, h, - original height of a bump, E - Young’s modulus
of a bump, v - Poisson ratio of a bump, @ — dimensionless compliance.

0

|l

Figure 14.1

The Heshmat model is based on a number of assumptions:

e The stiffness of the foil is taken to be uniformly distributed and
constant throughout the bearing surface.

e The coefficient a is a constant and thus independent of the amount
of the bump deflection.

e The foil is assumed not to “sag" between bumps, but rather to
follow the deflection of the bumps themselves.

e The deflection of the foil in its response to the acting forces is
dependent on the local effect only. i.e., on the force acting directly
over the particular point.
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e Friction between the foil, bumps and housing is considered
negligible.
The construction of foil journal bearings essentially does not permit the
generation of subambient pressures. Since when the condition p < p, is
reached, the foil will lift up from the bumped strip under the action of the
ambient pressure and deflect towards the shaft, reducing the clearance value
until the pressures on both sides of the foil are equalized (see Figure 14.2).
This local area has no effect on the value of the radial force. However, this
effect will affect the pressure field in the film. According to Heshmat, the
above phenomenon is essentially similar to the appearance of a cavitation
zone in conventional hydrodynamic journal bearings. To take this into
account, in DynFB an additional pressure boundary condition is applied:
P =(p/ps) = 1, tAep < pqg,
which is similar to the Giimbel boundary condition in hydrodynamic journal
bearings.
In gas bearings with rigid walls the subambient pressure zone persists, and
its account does not require any additional efforts.
Leading edge
U Shaft Top foil

h=hs=const /
N~
|(Ps ‘(pmax (31
lo:. Bumped strip
Trailing edge
U sShaft Top foil
\\\ ,c’o(\cj‘,
X \\;(\1’
—
Bumped strip/®mn @ P
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14.5 Main assumptions of the gas bearing mathematical model

e The gas film is thin, therefore the fluid inertia force and pressure
gradient across the film thickness are considered negligible;
e The flow is laminar;

e The flow is isothermal;
e The fluid in the film is a prefect gas, i.e. for an adiabatic isothermal

process the mass density is proportional to the pressure p/p =

Const.

14.6 Calculation results

For each steady-state condition of the journal bearing, which is defined by
the journal rotation speed and the external load, following set of parameters

is calculated:
Table 14.1

Name Dimension Comment
Stiffness N/m Stiffness coefficients for two degrees
coefficient [K] of freedom in X and Y directions
Damping N*m/s Damping coefficients for two
coefficient [C] degrees of freedom in X and Y

directions
Steady-state - The rotor steady-state condition
coordinates  of coordinates X, Y related to the value
the rotor [X/c, of a given gap
Y/c]
Eccentricity of | - The rotor eccentricity related to the
the rotor [Epp] value of a given gap
The rotor | deg The rotor circumferential angular
circumferential coordinate measured from the
angular negative load vector (minus Y) in
coordinate [Psi] direction of the shaft rotation.
Maximum Pa The value of the fluid film maximum
pressure [Pmax] pressure
Angle of | deg Circumferential angular coordinate
maximum of the maximum pressure point.
pressure
[Pmax_angl]
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Minimal - The value of minimal fluid film
clearance clearance related to the value of a
[Hmin] given clearance
Angle of | deg Circumferential angular coordinate
minimum of the minimum clearance point.
clearance
[Hmin_angl]
Threshold rpm Threshold rotating speed, above
rotating  speed which the rigid rotor will lose
[ThresSpeed] stability on the journal bearing for a

given weight force

Is the bearing | YES/NO Is the rigid rotor stable on the journal

stable [IsStable] bearing for given weight force and
rotating speed.

Hydrodynamic | W Power loss due to hydrodynamic

friction  power friction in the fluid film.

loss [PwrLoss]

Side leakage | Ipm Oil leakage from the bearing open

[SideFlow] ends. (For hydrodynamic bearings
only.)

Maximal deg. C Maximum temperature in the fluid

temperature film.

[Tmax]

Critical ~ mass | kg Threshold mass of the rigid rotor,

[CritMass] above which the rotor will remain
stable on the journal bearing at a
given rotating speed

Pads [rad, m, m] Pads displacements in their local

displacements

coordinate systems: one rotation and
two translations. These parameters
are calculated only for tilting pad
journal bearings.

14.7 Common initial data

Rotating speed of the rotor o [rpm] is a list of rotating speeds for which the
bearing parameters will be calculated.

External loads Fx, Fy [N] are the external load vector components. They
can be constant or functions of the rotating speed:

F=Fy+F -w+F- 0.
Lubricant properties:
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- Name of the lubricant (for fluids only). If the name does not exist
in the lubricants database, the user must add new position into the
database and provide the lubricant properties.

- The lubricant mass density under working temperature [kg/m”3]. It
will be taken into consideration if the direct input of the oil
properties is turned on. In this case the energy equation is excluded
from the calculation and mass density is considered equal to the
input value and constant across the whole fluid film.

- The fluid dynamic viscosity [Pa*sec]. Similarly to the previous
item it is taken into consideration only in the case of direct input of
the oil properties is turned on.

Oil mput properties (for hydrodynamic bearings only):
Hot oil carry over coefficient. It determines which part of heat

generated in the previous pad will be carried by oil into the next
pad. Limit values [0; 1].
- Inlet oil temperature [C ].

Additional properties (for hydrodynamic bearings only):
- Cavitation zone boundary conditions. Giimbel boundary condition:
IfP<0,thenP =0

Reynolds (Swift — Stieber) boundary condition:
dp
p=0— 0 = 0.

- Computation grid nodes number m, n in circumferential and axial
directions, respectively.

- Heat analysis regime: isothermal — the fluid film temperature is
considered constant and equal to a given value and uniform across
the whole film, not isothermal — the temperature of the fluid film is
nonuniform and determined from the coupled solution of the
Reynolds equation and the energy equation.

- Heat analysis boundary conditions: adiabatic — no heat exchange
between the fluid film and the shaft and the housing surfaces, input
temperature of the shaft and the housing surfaces — the surfaces are
considered to be isothermal and have constant temperature equal to
a given value.
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14.8 Plain journal bearing.

a4
TRANZIT
LS4 4

AY
b
X
Rs W
\ng
Figure 14.3
Table 14.2
# | Name Units Designation  [Designation in
GUI
Journal radius m Rs R
Bearing length m L L
Radial clearance m Cb=Rb-Rs C
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14.9 Axial groove journal bearing.
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Figure 14.4
Table 14.3
# | Name Units Designation  [Designation  in
GUI
1 | Journal radius Rs R
2 | Bearing length m L L
3 | Radial clearance Cb=Rb-Rs C
4 | Angular length of a | deg X; [Pd_Arc_Lnl]
pad
5 | Angular position of | deg 0, loroove_Arc_pos|]
the groove
centerlines
6 | Angular length of a | deg o, Grv_Arc_Lal]
groove
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14.10 Offset half journal bearing.
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Table 14.4
# | Name Units Designation  [Designation in
GUI

Journal radius m Rs R

Bearing length m L L

Radial clearance m Cp=Rp-Rs C

(Manufacturing, not

assembly)
4 | Angular length of a | deg X; Pd_Arc_Lnl]

pad
5 | Angular position of | deg 0; oroove_Arc_pos|]

the groove

centerline
6 | Angular length of a | deg ©; Grv_Arc_Ln]]

groove
7 | Pad offset m d Lin_offset
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14.11 Elliptical and multi lobe journal bearing.

Figure 14.6
Table 14.5
# | Name Units Designation [Designation in
GUI
Journal radius m Rs R
Bearing length m L L
Radial clearance [ m Cb=Rb-Rs [c
(assembly)
4 | Angular length of a | deg X; Pd_Arc_Ln]]
pad
5 | Angular position of | deg 0, oroove_Arc_Pos]
the groove
centerlines
6 | Angular length of a [ deg ; Relief_Grv_Len|]
groove
7 | Lobe preload -- mf preload[]
8 [ Lobe offset -- af offset[]

Preload is the ratio of the distance between the pad curvature center and the
bearing geometric center to the radial clearance:
Ch
mf=1-—.
Cp
Lobe offset is the ratio of the converging pad length to the full arc length:

— bt
af—Xi.
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Figure 14.7
Table 14.6
# | Name Units Pesignation [Designation in
GUI
1 | Journal radius m Rs R
2 | Bearing length m L L
3 | Radial clearance m Cb=Rb-Rs [c
4 | Angular length of a | grad X; Pd_Arc_Lnl]
pad
5 | Angular position of | grad 0; oroove_Arc_pos|]
the groove
centerlines
6 | Angular length of a | grad o; Grv_Arc_Lal]
groove
7 | Taper angular | grad 0, [Taper_Arc_Len]]
length
8 | Lobe undercut u lob_undercut|]
9 | Lobe undercut axial L, [Taper_Ax_Len|]
length
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Figure 14.8
Table 14.7
# | Name Units Designation [Designation in
GUI
1 [ Journal radius m Rs R
2 | Bearing length m L L
3 | Radial clearance m Cb=Rb-Rs [c
4 | Angular length of a [ deg X; Pd_Arc_Lnl]
pad
5 [ Angular position of | deg 0; oroove_Arc_pos|]
the groove
centerlines
6 [ Angular length of a | deg o; Grv_Arc_Ln]
groove
7 | Pocket angular | deg Xpi Pocket_Arc_Len]
length
8 | Pocket depth h; Pocket_Depthl]
9 | Pocket axial length hg; Pocket_Ax]_Len]]
10 | Axial length of a Lgp Relief_Grv_Ien]]
circumferential
groove
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14.14 Tilting pad journal bearing.

Figure 14.9
Table 14.8
# | Name Units Designation  |Designation in GUI
Journal radius m Rs R
Bearing length m L L
Radial clearance [ m Cb=Rb-Rs |[c
(assembly)
4 | Angular length of | deg X; [Pad ArcLen
a pad
5 | Pad preload -- mf PadPreload
6 | Pad pivot offset -- af PadPivotOffset
7 | Gravity force | -- df GravityForceDirection
direction
8 | Enable pad inertia | -- pi Padlnertialnclude
9 | Enable pivot | -- pstfi PivotStiffinclude
stiffness

Preload is the ratio of the distance between the pad curvature center and the
bearing geometric center to the radial clearance:

C
mf=1——b.
Cp
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Pad pivot offset is the ratio between the angular offset from the pad leading
edge to the pad pivot and the angular Iength of the pad:

af =
The direction of the gravity force can allgned either with the line passing
between the pads or the line connecting centers of the two opposite pad. In
fact, this parameter defines the orientation of the pads relative to the

coordinate system and, in practice, the pads are usually oriented in one of
the two aforementioned positions with respect to the gravity force direction.

Mass properties of the pads can be considered in the analysis. This feature is
based on the assumption that the pads oscillate with the frequency of direct
synchronous whirling motion of the rotor.

If pads mass properties are accounted for, the user must input some
additional data (see Figure 14.10):

Table 14.9

# | Name Units Designation

Pad mass kg mp
2 | Pad mass moment of inertia [ kg*m”"2 Ip

about the center of gravity
3 | Distance from pivot point to [m B

CG horizontal
4 | Distance from pivot point to [ m C

CG vertical

Figure 14.10

If the pad pivot is designed such that it can not be modeled as an ideal
hinge, it is necessary to take into account its stiffness properties in the
calculation of the dynamic characteristics of the bearing. At the moment,
the following types of suspension segments are implemented in DynFB:
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Table 14.10
Ideal hinge
Spherical pivot — ball in sphere
Cylindrical line contact model
Spherical pivot — ball in cylinder
Web pivot
\ /

Initial data for the spherical and cylindrical pivot looks the same, but have
different meanings depending on the selected type (see Figure 14.11, Figure

14.12):
Table 14.11
# Name Units Designation
1 Pivot material elastic | Pa Ep
modulus
2 Housing material elastic | Pa Eh
modulus
3 Pivot material Poisson | -- vp
ratio
4 Housing material | -- vh
Poisson ratio
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5 Pivot diameter m Dp
6 Housing diameter m Dh
7 Pad effective length m Leff

Leyy

Figure 14.12

The web pivot is modeled as a cantilever beam with a rectangular cross
section (see Figure 14.13).

Table 14.12
# Name Units Designation
1 Pivot material elastic | Pa Ep
modulus
Web effective length m Leff
Web cross section area | m”2 A
4 Web cross section area | m™4 |

moment of inertia in
bending direction
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14.15 Gas bearing.
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Figure 14.14
Table 14.13
# | Name Units Designation [Designation in
GUI
1 | Journal radius m Rs R
2 | Bearing length m L L
3 | Radial clearance m Cb=Rb-Rs C
4 | Orientation angle deg a OrientationAngle
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14.16 Multi lobe gas bearing.

Fy
Figure 14.15
Table 14.14
# | Name Units Designation  |Designation  in
GUI

1 | Journal radius m Rs R

Bearing length m L L

Radial clearance | m Cb=Rb-Rs [c

(assembly)
4 | Angular length of a | deg X; Pd_Arc_Ln]]

pad
5 | Angular position of | deg 01 firstEdgeLocation

the first pad leading

edge
6 | Lobe preload - mf preload[]
7 | Lobe offset - af offset[]
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14.17 Air foil bearing.

7
L
Figure 14.17
Table 14.15
# | Name Units Designation | Designation in
GUI
Journal radius m Rs R
Bearing length m L L
Radial  clearance m Cb=Rb-Rs c
(assembly)
4 | Height of a bump m ho BMh
5 | Half-length of a m lo BMI
bump
6 | Bumped strip m BMw
width W
7 | Thickness of a m i BMt
bump 0
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8 | Pitch between two m s BMs
bumps 0

9 [Poisson ratio of a -- BMnu
bump v

10 | Young’s modulus Pa £ BME
of a bump

11 | Friction coefficient - Fmu Fmu

12 | Structural loss -- eta
factor 1

13 [ Orientation angle deg a OrientationAngle

When simulating such bearings, essentially two basic friction models are
used: the viscous friction model and the hysteresis friction model.
P=K,(1+inU,
Where P — dimensionless pressure, K, — dimensionless coefficient of
stiffness of an elastic part, i — imaginary unit, n — structural loss factor. It is
easy to see that when using the hysteresis friction model, the pressure is a
complex number, which means that the forces in the bearing will also be
complex. In this case, the Reynolds equation for the derivatives of pressure
with respect to displacement (the method of infinitesimal deviations) is
solved in a complex form, which makes it possible to obtain a matrix of
mechanical impedance. And from its matrices of stiffness and damping of
the bearing.
All basic DynFB equations in terms of gas dynamic bearings are based on a
viscous friction model. However, provided that the rotor performs a circular
precession, it is possible to easily make the transition from the hysteresis
friction model to the viscous friction model and obtain the equivalent
viscous damping coefficient.
K
="
Thus, the structural loss factor n can be taken into account in the already
implemented mathematical model.
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14.18 Annular seal

'
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For the calculation of the Annular seal,
the template "t31 AnnularSealBlack
1200" (using the Black & Jenssen model
[42]) or "t32 AnnularSealChilds05
37360" (using the Childs model [43])
can be selected. The templates are set to

e X calculate seal for 1200 rpm and 37360
rpm respectively.
Assumptions:
Fy 1) short seal analysis
Figure 14.18 2) Vibrations are small relative to a
centered position.
Table 14.16
# | Name Units Designation [Designation  in
GUI
1 [ Journal radius m Rs R
2 | Bearing length m L L
3 | Radial clearance m Cb=Rb-Rs |C
4 | Orientation angle deg o OrientationAngle
5 [ Pressure Drop | Pa deltaP0
constant part
6 | Pressure Drop | Pa*rpm deltaP1
linear part
P=deltaP1*rpm
7 | Pressure Drop | Pa*rpm”2 deltaP2
linear part
P=deltaP2*rpm~2
8 [ Inlet loss factor - inlet_loss
9 | Inlet Swirl Ratio - Inlet_Swirl_Ratio

Pressure drop is calculated as:

deltaP = deltaP0 + deltaP1 * w + deltaP2 * w?
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14.19 Graphical user interface

There is a graphical user interface built in Dynamics R4 providing all
necessary facilities to work conveniently with DynFB. The main dialog box
can be opened from the “Tools\Fluid bearings” menu, See Figure 14.19.

I File Edit View | Jools | Window Help

5 E| % o % Options & | 4
ex21 Two-suppd Validate
Protocal

? BEample 21

b E Frort suppor " Fluid bearings

-~k Subsystem 1
'E,_ Rear suppor
E Rear suppord
By] Variables

' Import bearing from table

Edit Materials DB

Bun with consaole

MEER AR ML £

@ Materals Matrix calculator
= Groups
= Agorithms Convert rigid links to springs

E|4H+R' Basis
Figure 14.19

The DynFB dialog box is presented on the Figure 14.20. The dialog
provides functionality to prepare bearing input data, run calculation, view
the calculation results, create in the active model new links modeling the
bearing parameterized by the rotation frequency.

1 Fluid bearinggkalculation [ - |
I
Stiffness I
_— | | |
Kax Kay Kyy |

000 6500 7000 7500 BO0 BSOL 9000 9S00 10000 |
Rotation speed [rom)

Hmin Hmin_angl

&l Ides]

0 518

[ 2522

dea]
2000
aneo
a0
a0
aom0

SideFlom

Figure 14.20

Numbers in the figure define following groups of options:
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Paths to the computation model configuration file and the list of
rotation speeds. Buttons to save the corresponding files.

Choice of the bearing type, the following options are available;

e Two axial groove journal bearing “ t0 Two Axial Groove ”

e  Offset half journal bearing “ t1 OffsetHalf Bearing ”’

e Elliptical bore journal bearing ““ t2 Elliptical

e  Multi lobe journal bearing “ t2 Multi-Lobe ”

e Tapered land journal bearing “ t3 Taper Land ”

e  Pressure dam journal bearing “ t4 Pressure Dam ”

e Plain journal bearing “ t5 Plain Journal ”

e Tilting pad journal bearing with ideal hinge pivot “ Tilting Pad

tR)

e Tilting pad journal bearing with spherical pivot — ball in
sphere “ Tilting Pad Ball Contact ”

e Tilting pad journal bearing with cylindrical pivot (line contact
model) “ Tilting Pad Line Contact ”’

e Tilting pad journal bearing with web pivot * Tilting Pad Web
Pivot ”

e Plain gas bearing

e  Multi lobe gas bearing

e Air foil bearing

List of rotation speeds for which the bearing parameters are

calculated

Main input area

Results output area (see Table 14.1). The results are presented in

the convenient tabular form. Intermediate information is printed

into this area directly from DynFB during the calculation process.

This information can be used to monitor convergence of the

solution verifying values of the support reactions forces (Fx, Fy):

they must be equal to the external loads with the opposite sign. In

addition, the control can performed monitoring the computed

values of the dimensionless (normalized to the gap) rotor

displacements. If those are significantly greater than one, the

calculation has probably converged to incorrect results and the

input data needs to be checked.

The user can view the DynFB output even after the calculation has

completed by pressing the L_T button (see Figure 14.21).

Chart depicting the variation of the bearing stiffness or damping

with respect to the rotation speed.
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8. The chosen bearing type.

After the calculation for the selected configuration has completed, the
obtained stiffness and damping coefficients are automatically transferred to
the “Import fluid bearing from table” tab (see Figure 14.22) of is the
“Import bearing from table” dialog (see paragraph 13.5 ). With the aid of
this dialog, the user can easily import a parameterized link that reproduces
behavior of the analyzed journal bearing into the model of the rotor
dynamic system.
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15 ALGORITHMS OF LINEAR SYSTEMS ANALYSIS

The steady state analysis uses the following algorithms:

Basis calculation [Basis]

Natural frequencies calculation [Natural frequencies]
Natural frequency map [Natural frequency map]
Critical speeds [Critical speeds]

Steady state unbalance analysis [Unbalance response]
Parameter analysis [Parameter analysis]

The algorithms above are aimed to analyze linear systems. Analysis of non-
linear systems is given in the transient analysis section.

If the model includes non-linear elements, the linear algorithms ignore
them. In this case the basis may be insufficient for further analysis and the
calculation accuracy may be low. For example, if a rotor is supported only
by journal bearings, the analysis results will be obtained for a free rotor.

The algorithms set of a project is built of the algorithm database. To place
an algorithm into a project, select it in the database and click twice with the
left button, Figure 15.1. The algorithm will be placed automatically in the
database of the projects algorithm.

15-167



ra'd
TRANZIT
L %4 o
User Guide

Algarithims
-|+H1’|° Basis
¥ Natural frequencies
Makural Frequencies map
B Critical speeds
ik Unbalance response

Figure 15.1

Any algorithm has a function window for the parameters input-output. The
window is opened by selection of the algorithm. When the parameters are
specified, the calculation is started with the [Start] button in the top part of
the screen.

NOTE: While running a project calculation algorithm, it is preferable not to
run other program codes

15.1 Basis

The dynamic response calculation is based on the modal analysis method.
The modal analysis is based on the preliminary calculated set of natural
frequencies and modes.

IMPORTANT NOTE: The set is calculated within a given frequency
range under assumptions of zero damping and non-rotating rotors

The basis includes frequencies and modes of all types of oscillations,
vertical and horizontal transversal, axial and torsional.

The basis is calculated after the model creation by pressing the button
[Start]. After calculation the frequencies and modes are sorted versus their
type in the frequency list. When a frequency is selected in the list, its
corresponding mode is displayed.

Figure 15.2 shows the basis frequency window. When a frequency is
selected, the main window shows the natural mode.
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Figure 15.2

The function buttons provide different formats of the result display.

The basis analysis includes calculation of the modes orthogonality matrix.
The matrix reflects the model correctness and the calculation accuracy. The
Natural frequency list together with the orthogonality matrix is opened by
the [Log] button, Figure 15.3.
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Figure 15.3
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Together with the graphic image, the mode shapes may be shown in a table
form. Also, the table shows distribution of potential and kinetic energies in
subsystems, links and elements. The output may be done in two ways:

o by function [Protocol] (ref. chapter 17);

. in the main output window by command [Table], Figure 15.4.
e
losmxsp asn =08
¥ Cynamcial, | ¥ ASTOR 1153 10032006 s | ¥ _co GTE | ¥ e efcodt otansdmed, W Tsiraml % -
; Feme | [ s Ut~ [ratl Ve AV GR Y @8 S 0P e C e
96546 ( 1608 b ) 168 .00

Figure 15.4

The data are output for each mode shape separately.

NOTE: As to avoid errors related to parametric studies the basis is re-
calculated automatically before calculation of any algorithm if needed.
Automatic basis recalculation takes place in case of parameters changing
with influence on basis (geometry, mass and inertia, stiffness, new elements
addition and etc.).

To speed up the calculations, it is recommended to calculate the Basis
manually. Then, when starting each other algorithm, the recalculation of the
basis mode shapes will not be carried out, which can take considerable time
on complex systems.
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NOTE: All calculated mode shapes are presented in the normalized form.
The norm means reduction in relation to the mode kinetic energy

When analyzing the sensitivity of a dynamic system, it is useful to use
information about the distribution of energies over links, subsystems, and
their elements.

The distribution of kinetic energies in the [Basis] algorithms and the
potential of inertia and gyroscopic forces in the [Natural frequencies] and
[Critical speeds] algorithms show the degree of excitability of individual
elements of the rotor-case model of a dynamic system. The elements with
the highest kinetic energy will correspond to the antinode points on the
mode shapes. Unbalances in these elements will have the greatest impact on
the vibration level.

The dissipation energy distribution in elements of the [Link] type shows
their contribution of the to the damping of oscillations in the mode shape
under study.

The most useful in the study of a dynamic system is the distribution of
potential energies over structural elements (in the [Natural Frequencies] and
[Critical speeds] algorithms, the potential of elastic forces). The more
potential energy in a section, the more deformations occur in this element.
For rigid body mode shapes of oscillations, the dominance of potential
energy in Links is typical. Bending, torsional mode shapes are characterized
by maximum energy in subsystems (shafts, housings). If the potential
energy in the Links is small, then the absorption of energy by this mode of
vibration will be inefficient.

In the algorithms [Basis], [Natural frequencies] and [Critical speeds] it is
possible to display information on energy distributions. In Table mode,
information is displayed on the frequency selected in the list.

When [Kinetic energy], [potential energy], [dissipation energy] is selected
from the drop-down list, a summary table is displayed for all or selected
frequencies.

According to the summary tables of energies, the following functionality is
implemented:
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1. Table output for all frequencies or for selected ones (selected with
the Ctrl button pressed). It is preferable to select the desired shapes
while viewing in 3D mode. Form selection is preserved when
switching to other algorithms and back. If only one form is
selected, then the table is displayed for all forms.
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Figure 15.5

2. Color highlighting is done in 10% increments. Cells with energies
less than 10% are not highlighted.

3. The table can filter out subsystems with energy levels in all forms
below a given level, for example 1% (e.g. sensors, “rigid” links).
The sum of energies by subsystems and Links is shown for the
positions displayed in the table. If some subsystems and Links are
filtered out, then the sum of energies will be less than 100% (used
to control the representativeness of the table).
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Figure 15.6

4. Frequencies with 100% potential energy may be excluded from the
table (thus there may be fewer columns than the frequencies
selected in the list). In most models, these will be torsional and less
often axial oscillations of the rotors.

5. When you click on a cell in the energy table in the list of
frequencies, the corresponding form is activated. You can switch
to 3D mode and view this mode shape directly without resetting
the frequency selection.

In the protocol mode it is possible to output information on energy in one
table for all frequencies, subsystems and links (Figure 15.7). Tables are
output separately for kinetic and potential energies.

Protocol
I Energy summary Strain
‘E"‘tca:C;‘a“U" teport Designation|0 |0 |2208.77|2476.77 2107.0|5041.67|6330.81
-] et Gurnmary
Fltest nput o 0 |0.0229 0.0224 0 0.0025 |0
£ [Z]tent Results [9e] [90]| [9®] [90] [9e] |[%] [96]
Dl test s HP 0.0 0.0 0.5 0.6 0.0 |0.26 298
[T tewt Natural frequencies . - - . - o= =
[ text Nitural hequency map Lp 0.0 0.0 [5.63 7.1 100.0 [85.22 |00
(7] tent Crifical speeds L2 2 0.0 0.0 [0.05 0.26 0.0 0.0 57.02
table Input
‘;IEH;:;‘S L12 0.0 0.0 |0.16 0.19 0.0 2.02 0.0
[ tables Summay L1_13 0.0 0.0 [0.17 0.2 0.0 |0.39 0.0
[ table: Eneray summary Kinetic: L1_30 0.0 0.0 |o.e1 1.33 0.0 8.49 0.0
table Energy summary Strain "
] table Energy summary Diseftian L1_52 0.0 0.0 [1.18 099 0.0 |o.78 0.0
[T tewt Frequency L1_s8 0.0 0.0 [31.38 (8234 (0.0 |2.82 0.0
-] text Parameter analysis
[T text Unbalance response
[T test Transient response

Figure 15.7
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The protocol data may be copied to clipboard and then exported to some
programs, for example Microsoft Office Excel ®, for further graphic
presentations.

The accuracy of the calculation results of all algorithms in the program
depends on fullness of basis calculation. The more shapes are calculated in
basis, the more accurate the results of modal algorithms. But the fuller basis
is calculated, the longer calculation of the other algorithms. Algorithms of
equations systems reduction on the basis of the Modal synthesis methods
allow receiving fast calculation and acceptable results accuracy. In the
majority of cases for Unsteady calculations (only linear elements, “small”
gyroscopes) it is enough to use doubled in correspondence to operating
speed basis calculation frequency range. In case of the presence of non-
linear elements, elements with high gyroscopic moments (depend on the
value of diametric inertia moments and rotating speed), quasi-linear links
with significantly changing stiffness and damping coefficients at regimes
(especially typical of journal bearings), it is necessary to define the system
at optimum ratio of efficiency and calculation accuracy. For this several
calculations are done for different basis ranges and that range is determined
where change in results is insignificant. In linear algorithms they may be
frequencies in the [Natural frequency map], position of resonances on the
amplitude-frequency characteristic of the [Unbalanced response]
algorithm. For example, 5-10% accuracy of oscillation frequency or
resonance position may be enough for a user.

It is possible to check reactions correctness in Nonlinear analysis by
summing of reactions of all links and comparing with the applied load
(loads sum). This is the most exact method but it may be difficult to apply
in complicated models. Several calculations may also be carried out with
different basis range. Change in reactions value is controlled.

15.2  Control of output and imaging of the modes calculation results

Figure 15.8 shows output control and imaging buttons related to the
natural frequencies and mode shapes.

Fresze Start Brezk UT v |30 v TE=||ldins R TR SN T 0P H & e

Outer case Example 22 v

Figure 15.8
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F : : i i
528 . Save pictures constantly in the central window. The pictures

may include a model or analysis results. For example, a user may fix the
transient analysis results and continue working with the model.

Start . . . .
- Startup of a dynamic model calculation with an earlier

selected algorithm.

S - Break of the calculation procedure.

4™~ |dentifier of the mode shape imaging. A mode may be
presented in displacements, or turn angles, or forces, or moments.

D L Mode shape output format, graphic 3D, or table.

"I~ Change to output of one subsystem.

W .
Outer case 1- Subsystem selection. Command works

after pressing of the button ‘I .

T Displays the precession orbits in the screen plane (to show the critical
speeds modes). Pressing the button several times changes the model view.
Left-side view, right-side view

& . Shows the mode shape in the screen plane. Sequential pressing changes
view in XZ, YZ planes

- Highlights or deletes the precession motion orbits of the rotor system
points (to display critical mode shapes).

=~ - switching on of the shape line display

W6 e

= _ Controls of the mode shape image animation.

oo

- Pause.
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P - Start the animation.

" Discrete animation in counter clockwise direction.

-

=" _ Discrete animation in clockwise direction.

o

=l Copy the mode shape into the exchange buffer.

[z

L=

o

' - Copy the mode shape into the exchange buffer with automated
insertion into the last active opened Word document (installed Active
Python 2.7 is needed)

=l Opens window to set the display options of the 3D view of the
present model (Figure 15.9)
The options include:
o Defining of the window background color
e  Control of the mode shapes visibility through the model

o Coefficient of scale of the subsystems and assemblies frame is 0 —
display is absent

e Coefficient of scale of bending mode shapes
e  Coefficient of scale of torsion mode shape

e Scale of displacement of the shape in 3D animation regime and
unbalanced response

e Scale of the orbits in 3D window of the orbit postprocessing

“Wheels” in the bottom part of the screen rotate the image around the X, or
Y axis, or scales the image.

A small cursor movement with the left button fixed on the mode image may

provoke the model image and shapes to move in the indicated direction. The
movement may be stopped with the following left button pressing.
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Figure 15.9

15.3 Natural frequencies

This algorithm calculates natural frequencies and modes with consideration
of the system damping and rotation.

On the contrary to the basis algorithm the modes are calculated with

consideration of the rotor rotation. The rotor moves along circular orbits,
Figure 15.10.
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The direct and the reverse precession mations are highlighted with green
and blue respectively.
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Figure 15.10

In the [Log] natural frequencies values are output as complex numbers
with both real and image parts.

The algorithm control window is shown in Figure 15.11.

Des

b or 5000 Time paranmeter

Figure 15.11

The rotors speeds will be selected from a regime in accordance with the
t_pr parameter.

Together with the graphic the mode may be presented in the table form.

Distributions of the potential and kinetic are also available

15.4 Natural frequency map
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The [Natural frequency map] shows the influence of the rotor speed upon
the frequencies of direct and reverse precessions, Figure 15.12.

The map shows the natural frequencies lines and the rotor speed lines. The
descending and ascending lines show reverse and direct precessions
respectively. Intersections of the rotor speed lines with the natural
frequencies ones correspond to the system critical speeds.
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Figure 15.12

The Natural frequency map is given in the user determined frequency range
from [t_pr_1]to [t_pr_2].

The number of calculation steps within the given range is defined by the
parameter [Steps]. Parameters [max_regime] and [min_regime] — are the
time parameter values for the rotation speed on the minimum and maximum
operational regimes. Parameters [margin_max] and [margin_min] are
additional boundary lines defined by a user. Parameter [update_results] - if
“Yes” is selected then the data on the chart will be updated during the
calculation with a given step [upd_step] as a percentage of the total
calculation, the graph will be redrawn. If set to 0, it will be updated at every
calculation step.

The calculation starts with the [Start] button. Figure 15.13 shows the
parameter window.
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Des Designation
Steps 100 Steps
t_pr_1 0 ﬂ Start time parameter
t_pr_2 Te+06 j Stop time parameter
sort_type half,frequ Sorting type
zoom Mo j Zoom NFM max(25%,5Mmax) above maximum regime
min_regime |0 j Min regime time parameter
max_regime | 1e+06 j Max regime time parameter
margin_max |20 %j Separation margin for max regime
margin_min |5 %j Separation margin for min regime

m yes j Update results while calculation

upd_step 10 T | Results update step as a percentage of the total calculation

Figure 15.13
# . The button gives opportunity to add the Natural frequencies
algorithm into the model applying settings corresponding to the current
point on the frequency plot. Thus, if a user wants to look at the mode shape
for the specific frequency at the certain regime, he may click at the point on
the line at the Natural frequencies plot; a cursor will be placed at the point
on the plot. After that a user may press a button and go to the new created
algorithm [Natural frequencies]. Meanwhile, the parameter t pr
corresponds to the current point, and the needed frequency will be
highlighted in the frequency range after recalculation.

- Button for the models with contrarotating rotors to build the Natural
frequency map, the output of the rotors speeds at modulus is reasonable.
Pressed button (on default) serves for compulsory display in the positive
area of the rotor speeds in negative direction.

The Stability map may be output together with the Natural frequency map,
Figure 15.14.

Depending upon the "time proportion" parameter, each mode is described
with its [Logarithmic Decrement], or the relative [Damping Ratio].
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Figure 15.14

A relation between the damping ratio coefficient and the Natural Frequency
may be obtained by Locus chart Logarithmic Decrement (Locus Lndec) and

Locus chart Damping Ratio (Locus DR), Figure 15.15.
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Figure 15.15
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For the map Locus DR, the results output may be obtained additionally in
correspondence with the requirements of the APl 610 standard - Impellers
(Figure 15.16).

Locus chart Damping Ratio
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Figure 15.16

Ratio of natural frequencies to rotating speed at the regime (fri/frun) is
given in X-direction. There is an additional output of the boundary of the
region if found in which it is necessary to carry out additional calculations
of the system.

15.5 Critical speeds
The [Critical speeds] algorithm calculates free and damped mode shapes of

the system. In a multi-rotor system the modes may be calculated for each of
the rotors separately, Figure 15.17

Figure 15.17

Critical speeds modes are displayed in the output window similarly to the
natural modes, Figure 15.18 and Figure 15.19.

15-182



Va4
TRANZIT
A4 4

User Guide

NOTE: The critical speeds are calculated only when the frequency range is
defined with the [Kinematic joint]
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Figure 15.19
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Like for the natural modes here are available distributions of potential and
Kinetic energies.

15.6 Unbalance response

Select the [Unbalance response] option to compute response to rotating
mass imbalance.

The forcing function will be defined by imbalances you enter by means of
[Unbalance load] element.

The [Unbalance response] algorithm shows behavior of the system under
unbalance loads.

The unbalance response may be calculated for cases of a single unbalance,
or systems of unbalances in one or a few rotors.

The steady state unbalance response gives displacement values in all points
of the model. The displacement occurs with the rotor frequency.

Dynamic behavior of a multi-rotor system may be calculated as a transient
analysis.

NOTE: The unbalances are determined together with the model building.
A group of unbalances may be created with the [Group] element. Using
different groups gives influences of different unbalance groups

The [Unbalance response] algorithm is followed by its input and output
fields.

Figure 15.20 shows the input window for the calculation and results output
steps. The steps determine input and output of Magnitude-Frequency (MF)
and Phase-Frequency (PF) functions.

Table 14.1 Description of elements parameters

Designation Parameter description

Steps Number of points of Amplitude-frequency
characteristic in whole calculation range. On graph
points are connected by linear sections.

tprl Parameter determines left boundary of Amplitude
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Frequency characteristic output

t pr2

Parameter determines right boundary of Amplitude
Frequency characteristic output

show AF and SM

Yes or No. Control of values AF SM output on plot
(see below)

show AF lines

Yes or No. Output of additional lines on the plot to
calculate AF

show operating speeds

Yes or No. Output of additional lines showing
boundary of operating modes on the output

min_regime

t_pr corresponding to the minimum regime

max_regime

t_pr corresponding to the maximum regime

update_results

The data on the chart is updated during the
calculation with a given step [upd_step]

upd_step

during the calculation with a specified step as a
percentage of the total calculation, the graph will be
redrawn. If set to O, it will be updated at every step.

Des Designation

Steps 200 Steps

tpr_1 o j Start time parameter

tpr2 Te+06 j Stop time parameter

output values zaroftu—peakj Qutput values

speed_fctr 1 Excitation ferquency multiply factor
show AF and SM yes j Show AF and SM labels

show AF lines Mo j Show AF auxiliary lines

show operating speeds | yes j Show operating regimes lines
min_regime 6000 j Min operating regime
max_regime 12000 j Max operating regime

Myes j Update results while calculation

upd_step 10 j Results update step as a percentage of the total cz

Figure 15.20

The output control window is shown in Figure 15.21.

Freeze Start 2D chatt - Sotby rotatingspeed - |Reter PT
T53_ful = [y ~ Displecement ~ | (] T f% E3Es A EIEIHz @D My
Outer case T x -15150; y: 6.576e18 Unbalance response

Figure 15.21

The unbalance response output is controlled by the following windows:
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Bample 22 “!- filter at assemblies for the subsystems and links list

QOuter case

“/- Subsystem for the data output;

- choice of the parameter to output data;

et - Choice of the projection of the vector parameter. Res — output of
resultant values (4/x% + y2 + z?); ResXY - output of resultant values

Wx%+y?);

i iw

- choice of the basic subsystem for the data output;

Sortby |rotatingspeed v

proportion time
0% - choice of the parameter of the X axis;

20 chat .
lenmaion ____| - the plot format choice;

U - calculation stopping;

% - save the plot settings (the program remembers the plot settings
between startups);

@ apply the previously saved settings to the plot;

9 - copy the plot into the clipboard. Image of the plots is copied with the
size 1500* 750;

“ _ the plot is copied into clipboard and pasted into the latest opened Word
document (the presence of the installed ActivePython 2.7 is necessary in the
system);
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£ - values for the highlighted point on the plot are copied into the
clipboard and output in the log panel for one or several plots;

<A _ start the dialog of the plot export;

£ |- output of legends for extremums on the plot. Only legend of the
biggest at magnitude value is output at the pressed button Ctrl. The legend
for the current point on the plot is output at the pressed Shift button;

* _ set the cursor by the point index on the chart or the value on the X axis
in the [Unbalance response] and [Transient response] algorithms

=14 - puttons of control by output tof the legend to the plots;

Hz translation of the axis from rpm to Hz when sorting by revolutions in
the results of the [Imbalance behavior] and [Nonlinear analysis] algorithms

¥ - putton of adding phase-frequency characteristics to the plot of
amplitude-time-characteristics

Diff - s used to calculate and output deformations and reactions;

s Simultaneous output of several plots with independent Y axes. For
example, superposition of rotating speed chart on the vibration displacement
plot

- output of amplification factors and reserve in detuning from operating
modes in correspondence with APl RP684.

If 2D plot is output, a user should determine the output subsystem and
section, Figure 15.22.
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Quter case L

0021 Shell_1 "
00 96.5 MasslessElement_1
00 108.5 Mass_1

001085

00 125.5 Shell_1

00136 Shell_1

00 147 MasslessElement_1
00157 Mass_1

Figui’e 1522

Figure 15.23 shows the window of the obtained amplitude-time
characteristics. Simultaneously a user can output amplitude-time
characteristics at all or several sections of the subsystem .

Note: Unbalance response results shows half of peak-to-peak values.
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Figure 15.23
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Also, the user can create a list of sections from different subsystems and
connections. To do this, add it to the new list through the context menu of
the section. Then add other sections of the model to this list. A position with
the created list will appear in the list of subsystems above the sections.

Exampie 22 L[y C)l[Dsplacement (-] 00 | % ¢
Example 22 Y
x 00z yacesets | Gl _

0021 Shell_1 [Outer case] Outter case B < «

0096.5 MasslessElement_ F
r Outer case
001085N New list B Inner case
- Add to new list B Bearing case 0
0012555 HP
00136 Shell1 N FAN
LP
mount
B Enter new list name. x L5 8
L5_14 0
Enter new list name t‘;:i
| sensors| ] 32
L1 4
L_7
L7 ,
L1_34
00157 MasslessElement_1 [ 00173 Shell_1
00170 Shell_1 0.07 4 oo188L58
00173 Shell_1 00198 MasslessElement_1 0
m— 002255 Mass_1
New list
00198 M: 002355 MasslessElement_1
Add to new list
002355 N ANINSI5 14
Add to list
002355M

0032051514 B
00320.5 mount

Figure 15.25
[ Feee | [ Set |8k [2Dchan [-]  Sotby [mtatngspeed [-] [LP )
|Erample 22 Clr G G100 ] % % |63 8 e iAo |30 iz | Dt 2| A A | or
T D GOIRd Unbalance response
[Sensors].[¥].[28.12.2021 (17:45)]
— —
00196 L5_8 (Outer case) 003205 L5_14 (Outer case)
0035L1.4(LP) 0017921115 (LP)

[mm]

[t/min]

Figure 15.26
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The context menu of stations from the created list contains commands for
deleting sections and deleting a list.

Example 22 =Y | = || | Displacement
Sensors =l = 50; y: 8.842=08

00192 L5_8 (Outer case)

003
003501 4] New list

00179211,

Remaove from this list  —

Remove current list

o124——

Figure 15.27

Sensor’s functionality is used when it is necessary to display the results on
one graph from sections in different subsystems/shafts or Links. For
example, display the response for all bearings or sensor mounting sections.

Button [AF] (") - Amplification Factors — gives opportunity to output
plots of amplitude-frequency characteristics in correspondence with
recommendations of the APl RP684 standard

API Standard Paragraphs Rotordynamic Tutorial: Lateral Critical Speeds,
Unbalance Response, Stability, Train torsionals, and Rotor Balancing (API
RP 684), Second Edition, august 2005.

Figure 15.28 gives the parameters controlled according to API.
Nc1 — the first rotor critical speed

Acl - vibration amplitude of the first critical speed

Ncn - critical speed with number n

Nmc - maximum rotating speed

N1 — smaller speed corresponding to the amplitude 0.707 Acl
N2 — bigger speed corresponding to the amplitude 0.707 Acl
N2-N1 — peak width with half of oscillations energy
AF=Nc1/(N2-N1) — amplification factor (Amplification Factor)
SM - reserve in resonance detuning (Separation Margin)

SMr — required separation margin

SMa — actual separation margin
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Figure 15.28

If due to big damping values at critical speed, N1 or N2 cannot be obtained,
the legend "AF=?" is attached to the plot.
According to API, critical speeds with AF<2.5 are considered critically
damped, and SM obtainment is not required.
If AF>= 2.5 and critical speed is lower than operating modes range, SM (in
percentage) should be not less than the one calculated using the equation or
16% (the smallest value is taken)
1

SM =17+ (1 AF — 1.5)
If AF>= 2.5 and critical speed is higher than operating modes range, SM (in
percentage) should be not less than the one calculated using the equation or
26% (the smallest value is taken)

1
5M=10+17*(1—A—F_1_5)

Except output of information on the plot (Figure 15.29), data are also
output in the log.

If the required SMr is bigger than actual SMa, the legend to this peak is
given in red. SM for the peaks being within the operating modes range is
not calculated.
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Figure 15.29

The button is used to calculate deformations or reaction forces. For
this, pressing [Ctrl] button, a user points to the two curves whose difference
he would like to get. For example, deformation of the shaft middle
relatively to its support may be obtained. The support reaction may be also
obtained using this function (if highlight forces before the link and after it)

Output of a 3D plot of the unbalance response is similar. Figure 15.30 and
Figure 15.31 shows response curves for displacement and force.
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Unbalance response
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Figure 15.31

One more option for the unbalance response output is the [Orbit
(Unbalance response)] algorithm that shows the motion orbits. The
algorithm may be taken from the algorithm library into the project database.

The [Orbit (Unbalance response)] algorithm has its output control
windows for the motion orbits (Figure 15.32).
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Des Designation
bype aorhit LI COrbit bype
L_interval | 10 s | Time inkerval
Skeps 10

Figure 15.32

and the phase shifts (Figure 15.33).

Des Designation
N8l nhase cliagrarnrn Orhit bvpe
Figure 15.33

The plots formats are controlled by the graphic menu. To call the menu
(Figure 15.34) put the cursor into the plot field and press the right button.

WVigwing Skyle

Font Size

Murneric Precision
Plotting Method
Data Shadows

Grid Lines

Grid in Front
Include Data Labels
Mark Data Poinks

r ¥ r v v w

Mazxinnize. ..
Custarization Dialog. ..
Expott Dialog...

Help

Figure 15.34

The plots may be edited (Figure 15.35), or copied in different formats into
clipboards, or into a file, or to a printer (Figure 15.36).
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Figure 15.35
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It is also possible to output data in the text format and use them in other
systems, for example, Microsoft® Excel. The text format output control is
shown in Figure 15.37.
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Figure 15.37

15.7 Parametric analysis

15.7.1 One-dimensional parametric study

The parametric study relates the system parameters and its dynamic
properties. The study may be carried out versus different parameters of the

model.

The analysis result is a relation map of the Natural frequency, or the critical
speed or the Logarithmic decrement versus the verified parameter.

NOTE: The parametric analysis map may be obtained for any parameter of
the system that describes a link, or a station, or a coupling, of a mass, or a
disc. The location coordinates may be verified for the zero length elements,
couplings, links, and masses.

A parametric study map may be obtained by the following actions:
e Select the verified parameter. For example, it may be the stiffness

coefficient kyy = [ut x/Fx] in the stiffness matrix [K] that
determines the support stiffness
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Create the variable, for example [Front kyy, N/m]
Assign a constant value to the variable. For example, the value

10000 N/m that will be used for the basis calculation is assigned to
the [Front kyy, N/m], Figure 15.38

Des  Front Kwy, Mfm  Designation

valus value

Figure 15.38

Attach the variable to the stiffness matrix coefficient [ut_x/Fx],
Figure 15.39

| F | P | My | M ‘ ok
N EI i =y =l Carcel
wis m El Front Kyy, N/m 0 0 ] Attach sxtemal v
utz m ﬂ 0 0 a
=l Detach estemal
ury ad 0 "
urz 1 =l 0 Mt Calculator

Figure 15.39

Add the [Parameter analysis] to the project algorithm list

Select the [Parameter analysis] in the algorithm list. In the left
bottom screen there appears the algorithm parameter window,
Figure 15.40.The options here are:

- determine the algorithm type — [Critical speeds] or [Natural
frequencies];

- determine the rotor or subsystem for the natural frequency analysis;

- determine the output - [Natural frequencies] or [Decrements];

15-198



a4
TRANZIT
A S 2

User Guide
Des Critical Speed Map Designation
inp_parameters ... inp_parameters
algorithm Critical speeds ﬂ Type of processing algorithm
Subsystem ﬂ Driving subsystern
output_type frequencies j Type of results
recalculate_basis yes j Is Basis has to be recalculated
update_results | yes ﬂ Update results while calculation
upd_step 10 j Results update step as a percentage of the total calculation
Figure 15.40

Parameter [update_results] - if “Yes” is selected then the data on the chart
will be updated during the calculation with a given step [upd_step] as a
percentage of the total calculation, the graph will be redrawn. If set to 0, it
will be updated at every calculation step.

In the [Natural frequencies] algorithm the time parameter [t_pr]
determines the investigated regime, Figure 15.41.

Des Parametric maps Designation

inp_parameters | ... Input parameters

algorithim Matural frequencies LI Type of processing algorithr
L_pr g LI Time parameter

output_kype frequencies LI Type of results
recalculate_basis |HES il Is Basis has to be recaloulated

Figure 15.41

- select the [Recalculate Basis] value. If the value is YES, the
basis will be re-calculated, if — NO, the basis is not re-calculated.
The latter is used when the verified parameter does not influence
the basis.

e Go to the [inp_parameters] line and open the algorithm

parameters input window with the [Extended properties]
command, Figure 15.42.
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Remove
Number of steps:
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Remove

Number of steps:

[ ]l Logarthmic &

Figure 15.42

e  With the button [Add] add the initial variable [Primary values],
Figure 15.43

Parameter analysis H

HNumber of steps

Dtasmtiie ety e

Remove
Number of steps.
[11s Logarithmic | OK
Cancel
Figure 15.43

e Input the variable boundaries, Figure 15.44

In the part "API compliant" a user can define the additional values on
the plot. For example, they may be the values of stiffness of journal
bearings at the regimes when building the critical speed map.
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Parameter analysis
Primary variables

Front Kyy, N/m 10000 100000 1e+007

Secondary varables

[11s Logarithmic

Figure 15.44

[] Overay variables

Input the [Number of steps] for the parametric analysis map.

NOTE: The Parametric analysis step may change under the
logarithmic dependence by selection of the [Is Logarithmic] mark
placing a flag there. This flag should be set in case if the range of the
variable change accounts for several degrees.

Begin the calculation by [Start]. The result will be, for example
the critical speed spectrum at the lower value of the verified

parameter, Figure 15.45.
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e |If the flag "As Map" is set, a user can obtain the parametric
analysis map, for example, the critical speed map, Figure 15.46.

NOTE: The number of primary values [Primary values] may be
unlimited

Values of the calculated frequencies or decrements may be obtained by the
[Export dialog] command of the graphic output menu. The commands
sequence [Export dialog] — [Text/data only] — [Export...] — [Export]

forms a text file containing the frequency or decrement values versus the
verified parameter.
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15.7.2 Two-dimensional parametric study

When a two-dimensional analysis is needed, a [Secondary variables]
should be added. Parameters of this variable are input in a similar way to
the one-dimensional analysis, Figure 15.47.

NOTE: The number of secondary variables [Secondary values] is not
limited

Parameter analysis

Primary variables

APl compliant
[ Overlay variables

10000 100000 |1e+007

I
]

Humber of steps

i

&l

Is Logarthmic:

Secondary variables

Ad

{Eg

Is Logarthmic

Cancel

Figure 15.47

The first result of the calculation is the frequency spectrum calculated at the
lowest values of variables. For any of the frequencies may be selected a
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surface where every point reflects a critical speed with the number equal to
the initial spectrum, Figure 15.48

NOTE: If variables are attached to the links of the [Link] type with take
part in the algorithm [Basis] calculation, when calculating every parameter
combination, basis is recalculated. For complex models it may take a lot of
time. In such cases it is recommended to use the link of the [Elastic link]
which is not used in basis calculation.

Fie Ein ow Jooh Himde Hop
e Kok sl SO
o can T o ] RO KBS o T | S b

Parametric maps
9.12013 (19:34)

[Deuyny Ak ey

For e, peen L

Figure 15.48

Values of the frequencies or decrements may be obtained by the [Export
dialog] command of the graphic menu which may form a text file with the
map data.

15.8 Aero loads simulation
Aero loads in labyrinth seals or flowpath elements may cause a rotor
instability. Natures of these loads are similar and are related with gas flow

non-symmetry in blades or seals.

Aero excitement criteria described in this chapter give evaluations of the
non-stability effects. The criteria are included into Dynamics R4.
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The algorithm result is a stiffness matrix that simulates aero interaction
between a rotor and a stator. The matrix contains two stiffness coefficients
for axial or centrifugal compressor or turbine stages.

The cross-coupling stiffness matrix 6x6 has the following view:

[0 K, 00 0 0]
K, 0 0000
0 0 0000
0 0 0000
0 0 0000
|0 0 00 0 0]

15.8.1 Alford’s formula
The Alford’s formula gives cross stiffness aero links between rotor and
stator in axial or radial stages:

sz—sziﬂ'P ,
! " ®-D-H

where
Ky, Ky | Hm Cross - coupling stiffness coefficients
P H-m /s | Stage power
W rad/s Rotor speed
D M Blade pitch diameter
H M Blade height
J/i Stage efficiency factor

Il
S

5 For shrouded axially bladed disks

5 For un-shrouded axially bladed disks
For un-shrouded radial flow impellers
.. 10 For extreme cases, overhung impellers

= > > [

1
N |~
%)
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15.8.2 Modified Alford’s equation

The American Petroleum Institute (API) has implemented new
rotordynamic stability specification for centrifugal compressors. The
specifications consist of a Level 1 analysis that approximates the
destabilizing effects of the labyrinths seals and aerodynamic excitations.

A modified Alford’s equation is used to approximate the destabilizing
effects. If the compressor fails the Level 1 specification, a more
sophisticated Level Il is used. It gives a detailed labyrinth seal analysis.

ny = TRy :w'praﬁo
N -Dc-Hc
Kxy, Kyx | H/m Cross-coupling stiffness coefficients
9554 m-N-pm/kW | Empirical dimensional constant

P kw Stage power

N rpm Rotor speed

Dc M Impeller Diameter

Hc M Minimum width of the impeller or

discharge volute

Pratio - Pratio= pout/pin
Pin kg/m3 Inlet Gas Density
Pout kg/m3 Outlet Gas Density
S - Stage efficiency factor

15.8.3 Wachel’s equation

It is well-known Wachel’s equation, which is used to estimate the overall
aerodynamic cross-coupling applied on the compressor rotor in the stability
analysis. Wachel’s cross-coupling equation resulted from correlation of
rotor instability experienced by centrifugal compressors and has taken into
account all destabilizing effects from impeller, labyrinth seals, oil seals, etc.
Gas properties, stages power absorbed, and impeller/diffuser geometries
should be known to use this formula.

955-P-M
ny = —ny = m'ﬁmtio
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Kxy , Kyx H/m Cross -coupling stiffness coefficients
955 N-m-rpm/KW | An empirical dimensional constant
P kw Stage power
N rpm Rotor speed
M a.e.M Gas Molecular Weight
D M Impeller Discharged Diameter
H M Gas Passage Width
Pratio - Pratioc= pdischargJﬂsuction
Psuction kg/m3 Inlet Gas Density
Pdischarge kg/m3 Outlet Gas Density

15.8.4 Cross—coupling stiffness coefficients and link script file

Executive script file run_af .py calculates cross-coupling stiffness
coefficients and creates a link described with a stiffness matrix with
variable coefficients. Dynamics R4 starts the file by the Run script
command. The user prepares the file input in advance. File af_code.py
contains calculation functions and must be located in the same folder.

Running the input data file (run_af_.py)

The data can be input in different measuring systems. For English system
flag is assigned as (is_English_units=True), else in Sl unit as
(is_English_units=False).

» » |gg ® )
¢ & |zg |38 |83 |558 |8 £
@ ) 35 |2 S 2. s’ Iy <
a o] sY o5 |93 o
- (& S o < = 8
g |2a & - =
s T e 2 2
g @
English rom h in in ) aem ) Ibf/in
based P P R
SI based rpm | KW | m m 0 aem. | + | N/m

For each rotor wheel the calculation type is defined by calcType =[1,2,2,...]
as:

1 — Wachel equation,

2 — Alford equation,

3 — Modified Alford equation.

Different stages may be calculated by different equations.
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For each wheel the parameters are input in a 1-D array in an order shown in
the table below:

D v |00 ® | O Q |m
2| 85§55 58 BY 358 %
S o B3 |Ep o2 @xsa
- 2R |7y g |Fe
S |&g & Y
s ) D 2
e 3
1000 | 10 24 3 0 2
2000 | 50 24 3 0 0 2
3000 | 250 | 24 3 0 0 2
The absent parameters are replaced with zeros.
w| PO EOTOEO®
2 SESFE[EE | ®
sBEs | 2| " F
s e | 8 R
@ )
Wachel equation + + + + 0
Alford equation n : + + 0 +
Modified Alford
. + + + + + 0 +
equation

For example, a 1-D array for the script file input in English units for two
stages and three regimes is the following:

Stagel=[

1000,10, 24,3,0,0,2,
2000,50, 24,3,0,0,2,
3000,250,24,3,0,0, 2
1

Stage2=[

1000,10, 24,3,0, 0,3,
2000,50, 24,3,0, 0,3,
3000,250,24,3,0, 0,3

]

15-208



a4
TRANZIT
LS4 4

User Guide

For example, calculated stages may be listed as stage list=[ Stagel,
Stage2]

There are a few calculation options:
Option 1. Calculation for a compressor as a total resulting with a total Kxy..
Then the script variables are:

isVariantl=True
isVariant2=False

Option 2. Calculation for a single stage resulting with its Ky
isVariantl=False
isVariant2=True

stage_number=0

Value of the stage_number =k variable defines its number in the stage_list
[0...n] list.

The script operation results in a general configuration link
[Aerodynamic_Force_genLink] with variables Kxy N/m Kyx N/m
connected to the related stiffness coefficients in the link stiffness matrix.

So the user must connect the link in the load application station.
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16 TRANSIENT RESPONSE

16.1 General information

The transient response algorithms provide analysis of linear and non-linear
systems in steady state or transient approaches.

The algorithm is based on direct adoptive integration of the motion
equations. The step of integration is selected automatically in accordance
with the given analysis accuracy and current gradients of modelled process.

The complete set of transient analysis algorithms is formed from the
algorithm database by a left button double click on the [Transient analysis]
line. Together with the main algorithm, the project receives the results post-
processing algorithms, Figure 16.1.

= E Data post pracessing
ff Mean value
Lli. FastFourier Transform
Il Waterfall diagram
{B Orbit (unbalance response)
-@ Orbit (Transient response}
& Rolling bearings infa

Figure 16.1
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The post-processing algorithms are:

Calculation of mean values [Mean value]

[Fast Fourier Transform] algorithms

Waterfall diagrams of vibration spectrums [Waterfall diagram]
Motion orbits [Orbit (Transient response)]

NOTE: Any algorithm may be removed from the project algorithm menu
by [Delete] command

The algorithm set window (Figure 16.2) has a window for the setup
controls. The window is used for the both linear and non-linear systems.

Des

expert
start_action
process_action
process_file_save
step method

iter method

rel tolerance
displ_abs_tolerance
speed_abs_tolerance
tprl

tprd

intgr_time
init_time
init_teler
init_output_step
init_damping
output_step
modal_det

With own weigth
g_x

9.y

gz

With maneuver

VX

vy

Designation
yes j Show expert options
none j Start action
calculatej Process action
none j Process save results
bdf j Linear multistep method
newton j Iteration method
1e-06 Relative tolerance
1e-06 mm ﬂ Displacements absolute tolerance (noise level)
1e-06 mm/’s j Speeds absolute tolerance (noise level)
0 j Start time parameter
0.1 j Stop time parameter
0.1 5 j Integration time
15 3 j Initial integration time
same j Tolerances for init_time
0.0001 5 j Initial cutput step
m N*s/m ﬂ Initial damping
0.0001 5 j Output step
500 Modal stiffness and damping refinement
yES j With own weigth
0 mm,/s*2 j Gravity acceleration in x direction
-9810 mm_a's"‘lj Gravity acceleration in y direction
0 mm,’s*2 j Gravity acceleration in z direction
yes j With maneuver loads due to gyroscopic moments
-0.105 rad/s ﬂManeuver angular velocity around X axis
0 rad/s j Maneuver angular velocity around ' axis

Value of damping in additional time of integration. The damping is changed from setting value of damping to

system state

Figure 16.2
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Table 16.1 Algorithm parameters
Parameters Designati | Description
on

Des

Text format variable, by default an empty
field. The user may input here a new
algorithm name that will be followed by
matching amendment of the algorithm menu.

start_action none The variable determines the way of data
processing:
[none] — Data are not saved and not loaded
[load] — Load file
[save]— Save available results

process_action calculate Code processing, calculation or no calculation

process_file_save | none Data saving during the integration procedure:
- Do not save
- Save with a determined time step

step_method bdf Method for the step of integration determining

iter method newton Determines the iteration method for the
integration

real_tolerance 1e-006 Relative parameter error for the integration
(le-3.... 1e-15)

display abs | 1e-006 Absolute parameter error for the integration

tolerance

Speed abs | 1le-006

tolerance

tprl 0 The beginning value of the investigated time
interval parameter

tpr2 10 The end value of the investigated time interval
parameter

intgr_time 10 Integration time appointed for the investigated
time range

init_time 1 This is the initial integration time. This
variable is input to avoid initial distortions of
speed, mass, etc. The method to avoid the
distortions is damping

init_damping 0 Damping value. This is input only for the
initial integration time. This variable changes
linearly from the input value to zero

output_step 0.0001 Step size for the integration results output,

0.0001 by default. All intermediate values are
omitted. Step reduction may slow the
calculations. (For a satisfying rate the
computer memory should be 2048...4096
MB).

The step size is used as the initial step size,
and the method varies it down as needed.
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With own weight | Yes/No Determines  influence of the weight
consideration.

a_Xx 0 X direction acceleration.

ay -9.81 Y direction acceleration.

az 0 Z direction acceleration.

With evolution Yes/No Determines whether the gyroscopic effects
occurring due to the aircraft’s maneuver will
be taken into account.

V_X -0.105 Maneuver angular velocity around X axis

v_y 0 Maneuver angular velocity around Y axis

Time signal calculation in [Transient response] for complicated models
may take a lot of time. Calculation results of adjusted model may be saved
in file on a disk for the following analysis of the obtained data without their
recalculation, Figure 16.3.

Des HazeaHue

start_action load results »| |Hacrpoiika geficTenid npu Bbidl

ile_zave_results A daiina
fil [ts |none W
load results

Figure 16.3

Saving. To save the results, choose the point [save results] in the
algorithms characteristics in the list [start_action]. Highlight any other
area. The parameter setting directory to the file saving is left in
characteristics. Saving dialog is called through context menu on the
[file_save_results] area. Saving takes place when the [Start] is pressed and
after closing of saving directory dialog.

Data loading. The item [load results] should be chosen in the
[start_action] list. Directory to the file with results is defined similarly to
saving. Results loading takes place after pressing of [Start] button. Data
may also be loaded in an empty model. The dialog of file opening is called
in File/Open menu. Extension filter is specified on “All files”. Results file is
opened with trs extension. File trs may also be opened by double click. At
such loading the empty model including the file specified to load file by the
[Transient response] algorithm is created.

NOTE: Calculation stop is needed in order to close the window during
[Transient response] calculation
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An example of transient analysis results is shown in Figure 16.4
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Figure 16.4

After time-signal obtainment the additional information may be obtained
using postprocessing algorithms.

A user may observe results of unsteady calculation while calculating. For
this he should start calculation, stop it and start again. Choosing the
necessary section to output, he sees the result obtained by the moment of
this section highlighting. Besides sorting of results in the current section at
time and rotating speed, a user may output the dependence of the parameter
change in one section relative to another, Figure 16.5

Sort by [seclion v] [F‘IamJoumaIBearing suppart 3 V] [Fy‘l -
| % | GG (@] o =] A
Figure 16.5

Superposition function is used for simultaneous data output at several
sections in their own axes of coordinates. For example, superposition of the
displacement and rotating speed diagram.
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A - the button outputs all displacements and rotations for the present
cursor position on graph in the log. Output format: u_ X u_ y u_z ur_x ur_y
ur_z.

16.2 Reactions determination

Reactions in linear links may be obtained in the [Unbalance response] and
[Nonlinear analysis] algorithms, using the following algorithm, Figure
16.6:
1. In the opening list choose a subsystem where the link of interest is
attached
2. In the opening list of axes projections choose the axis where the
reaction will be obtained, for example, Y
3. Choose type of the output data [Force] in the opening list
4. In the subsystems sections list choose two sections (with pressed
[Ctrl] button) corresponding to the point of the link attachment
and the section following it with the same coordinate. It may be the
first section of the beam element, point mass or the other link
5. Tick the item “Calculate difference”

Fieeze |1 Start Break2 | 2D chart ~|3 Sanby Duler case
IHDturPT vIIY '] Force | @ QL""| E:—E“ l;'._‘.,|¢=|_|| (p | A

00312 Beam 3 4 | 150.000;0.000 Unbalance response 3
00332 PTfront support [Rotor PT][Y].[94.2015 {15:147]

4

00332 Beam 4

00345 Beam 4 55 4
00377 Beam 5

00395 Peana 5 50 L

00433 Beam &

45 I
00 445 Beam 6 r

Figure 16.6

NOTE: This methodology is inapplicable to obtainment of reactions in
linear links

NOTE: This methodology is applicable only for links attached to the
sections where distance and reciprocal rotations are equal to zero.
Otherwise, results may be false
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For the elements of the [Link] type, reaction may be obtained at forces
output in the Internal link section additionally.
All the links from the [Nonlinear elements] group are taken into account
only while calculating the [Nonlinear analysis] algorithm. Reaction in
nonlinear link may be obtained from additional output parameters of the
link of interest in the list. For this you should, Figure 16.7 :
1. Inthe opening list choose nonlinear link of interest
2. Choose reaction in the fixing point along the axis of interest. For
example, non-linear link is attached to the shaft by the first point
and to the case by the second one. To obtain reaction in the Y
direction on case it is necessary to choose the “fy2” parameter
from the list

Fresze 1 Start Break Sart by [mtating speed '] [Subsystem1
IPlainJoumaIBeanng support 3 - I[Y '] [Displacement '] | % (t"' | EEE‘I L;'.:s. | @ &l | Diff #= | A

000 Plain Jaurnal Bearing 2.000; 6.500 TI‘ﬂ]]_,Siel]_t 1‘6‘:31_')01]56‘
0 0 0 Internal 2 [Flain Joumal Bearing support 3] [fr1].[Y][9.4.2013 (15:183]
fxl z

Physical force, fiy 1 [N]

0 a00 1000 1500 2000 2500 3000

Figure 167

NOTE: Obtaining reactions you should remember about influence of basis
calculation on values obtained in other algorithms

16.3 Progress messages during integration

During the integration process the messages / warning window displays
current information on the integration progress and the elapsed time, Figure
16.8
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In this screen the first column is the time elapsed, the second column shows

the integration time duration for the corresponding period.

The integration process data may also be obtained through the output
parameters combo box(Figure 16.9).
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Subsgyztem 1 [v]

Link 1

Link 2

Plain Joumal Bearing support 3
Flain Joumal Bearing suppaort 4
Transient respornze

Figure 16.9

Select in the box [Transient response].

Select a command in the opened window, Figure 16.10

T ranzient responze [v]

nskep
nicrder
step

Figure 16.10
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The following parameters may be displayed during and/or after the
calculation:
- [nStep] — the number of the internal integration steps, Figure 16.11

2.000; G.000

murmber of internal steps, nStep [

g0
70
B0
50
40
30
20
10

Transient response

[Transient response] [nStep]. [T ] [2.4.2013 (15:200]

| | | | | |
1000 Z0ooo 3000 4000 5000 6000 7OoO

[1/min]

Figure 16.11

| |
go000  so0oo0
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- [nOrder] - order of the approximating polynomial function, Figure 16.12

2.000; 3.000

Transient Iresponse
[Transient response] [nOrder] [Y].[54.2013 (15:217]

5.0

4.5

4.0

3.5

3.0

2.5

Order used during last step, nOrder []

20

u] 1000

2000

3000 4000 5000
[1fmin]

Figure 16.12

G000 7000 2000 9000

- [step] - Length of the step used at the end of the time interval, Figure

16.13

2.000; 0166

Transient Iesponsc
[Transient response] [step].[Y].[9.4.2013 (15:217]

-
y 0.70
% 065 —E
& 0.60 E
w055
g 0.60 -E
045
B 040
& na3s
5 030
= 025
g 020 t
& 015 ]
s i
i D:DDIIIIIIIII!I

[=]

1000

2000

| | | | | | |
2000 4000 S000 G000 FOO00 2000 9000

[1/minl

Figure 16.13
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16.4 Recommendations to obtain integration tolerances

The user may control the integration process defining not only time
integrating parameters (integration time and step), but also specifying
tolerances on the parameters that influence convergence process to solution.
If the values of these parameters are chosen correctly, a user may increase
significantly the accuracy of the obtained results and reduce time to analize
results.

Control of integration process is hold using the following parameters:
[rel_tolerance], [displ_abs_tolerance] and [speed_abs_tolerance], Figure
16.14.

rel tolerance le-006 OTHOCMTENEHAA NOrpPeWHOCTE

displ_abs_tolerance | 1e-006 T LI Displacements absolute tolerance (noise level)

speed_abs_tolerance | 1e-006 /s LI Speeds absolute tolerance (noise level)
Figure 16.14

[rel_tolerance] — the parameter estimates relative error of the results
obtained while integrating. The value of the parameter may be in the range
from 1.0e-3 to 1.0e-15. For example, rel_tolerance=1.0e-4 means that
relative error accounts for 0.01%. It is not recommended to use the value of
the parameter less than 1.0e-3. However, this parameter should not be too
small, in order to avoid zone of the rounding mistakes of the machine
arithmetic.

[displ_abs_tolerance]/[speed_abs_tolerance] - the parameters estimate
absolute error of the parameters (displacements, speeds) obtained while
integrating. They may be so small that it is pointless to use relative error.
For example, if the y(i) parameter starts not from zero, but it goes to zero in
the course of time, so relative error control stops being effective, because
the value of y(i) parameter is in the noise zone. The value of these
parameters is also in the range from 1.0e-3 to 1.0e-15.

Errors are controlled at every time step so the final (global) mistakes are the
result of the mistakes at every time step.

It may be made a rule to define the value of errors decreasing their values
from actually desired range of the final result error by 0.01 factor. For
example, if you want the accuracy of integration parameters to be 0.01%,
so the [rel_tolerance] parameter value equal to 1.0e-6 should be chosen.
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In any case it is desirable for a user to carry out a series of calculation
experiments for the exact model in order to find the best values of
tolerances on the parameters obtained during integration, to see difference
in the results at their variation.

16.5 Forced oscillations mode

For the [Transient response] algorithm it is possible to output vibration
displacements, vibration speeds, vibration accelerations and loads along all
directions at the length of the rotor system components

¥ HP 00 1013 Beam_1
b lE R i 2 |[EDE 0 2| Ay
Transient response

Figure 16.15

Mode shapes under current forces actions are output for the current time
moment. A user chooses a data range (zooms the plot area of interest) and
the moment time of interest and (clicks at the plot point) in Amplitude Time
Characteritics. After pressing the button of the mode shape output (Figure
16.15), mode shape plots are built for all the subsystems in the chosen
assembly (Figure 16.16). When changing the direction (X, Y, Z), of the
type of output parameter or current assembly, mode shapes are rebuilt.
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122 _— ] =
i = =) =] Daacement =] [ )| B | B2 & w2 A 25 ) 0 2| A PR
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mode shape, z, [mm]

Figure 16.16

The dialog of mode shapes control gives an opportunity to manage change
of current position of the mode shapes output.
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Figure 16.17 shows control elements.

1. Buttons with arrows launch automatical change in time moment.
The area below gives an opportunity to edit an update rate in msec.
Time step is edited in the field (3)

2. Manual editing of the time signal boundaries and current time
graduation

3. Change in the time graduation by the value given in the field in
seconds.

4. Control of ordinate axis scale. In the Auto regime the axis scale
changes automatically at minimum-maximum value of mode
shape. At the Fix regime the scale is fixed automatically at current
values.

5. The area of display of the signal Amplitude Time Characteristics
for the highlighted section before entering the regime of mode
shapes display. Current time moment of the mode shapes output is
shown by vertical red line.

6. Control of output of sections’ points on the plots.
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Tq{e control II ‘ : ‘\ @
| _____ ||____"'____________"_______\_r-_'_l__"_'l__l
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I=ik T G| e (0
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|
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|
e Y T I T T TR EEEEEEEEEEEEE T 1

Figure 16.17

16.6 Gyroscopic moments during aircraft steady maneuvers
Maneuvers in which the angular velocity vector from evolution does not

coincide in direction with the angular velocity vector of the rotating rotors
are taken into consideration. During a steady maneuver of the aircraft
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gyroscopic moments act on the all elements of the GTE in a plane
orthogonal to the motion path along with inertial loads, which in turn act in
the plane of the maneuver. Gyroscopic moments can be evaluated using the
equation:
My, =LxJ0,

where (2 - aircraft angular velocity vector, L - angular momentum of an
engine rotor: L = J,@, since the rotor rotates around its axis of symmetry,
where J,, - moment of inertia of the rotor around the axis of rotation, & —
angular velocity vector of the rotor. Thus, the value of the gyroscopic
moment can be calculated using the equation:

[Mg| = Jp12]|@|sin(B),
where 8 — angle between two vectors 22 and .
Obviously, in case of co-rotation of the rotors, the gyroscopic moments will
have the same direction, and in a counter-rotation engine the moments will
have opposite directions. This fact should be taken into account in
assessment of the loads acting on the rotor supports during aircraft
maneuvers.
For linearized models, one should remember that the matrices of the
stiffness and damping coefficients of elements that are nonlinear in nature
should be linearized with the new loads.

NOTE: gyroscopic moments are calculated for a constant speed
corresponding to the t_prl mode. If the settings of the [Transient response]
algorithm specify the t_prl and t_pr2 modes with different rotor speeds,
then the change in rotation speed by the modes will not be taken into
account when calculating gyroscopic moments. DYNAMICS R4 will
display a warning message at the end of the calculation.

® ' Errors/Warnings &J

Errors 0 | Warnings 1 | Go (. Ok |

Figure 16.18
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17  WAVEFORMS POSTPROCESSING

The post-processing algorithms automatically start with default parameters.
The parameters may be changed. An algorithm re-starts by repeated
selection of an output section.

17.1 Mean value

Two options are available here:

e [Peak-to-Peak]
e [Root mean square]

The [Peak-to-Peak] or the [Root mean square] algorithm may be selected
from the fall-down menu, Figure 17.1.

Des Designation
type Peah-to-peahﬂ Yalue type
t_interval 0.1 5 j Time interval

t_overlapping | 50 % | Interval averlapp

factar 1 Scaling factor
centering _IL| Remave Static di
Figure 17.1
Table 17.1 Algorithm parameters
Parameters Designation Description
Value type type Algorithm choice
[Peak-to-Peak]
[Root mean square]
Time interval t_interval Time interval for the mean value
calculation
Interval t_overlapping | Length of the interval overlapping
overlapping with the neighboring intervals
Data output factor Factor of scaling of calculation data
scaling factor
For RMS centering For the mean value algorithm
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algorithm static
displacement
will be
neglected

statical component of the signal is
excluded. It may appear as a result
of statical force action (for
example, weight force). To exclude
it correctly, time range should be
long enough and include several
periods of carrier frequency. In case
of variable statical component (for
example effect of floating-up the
rotor supported by journal bearings)
— guite short one. Default value is
“No”.

For Peak-to-peak algorithm parameter [factor] is available. It allows results

scaling.

For RMS algorithm static displacement will be neglected. Results depend
on the selected time interval. Time interval should include several periods
of carrier frequency (should be long enough). And for models with variable
static displacements (for example, with Plain Journal Bearings) should be
short enough. The default choice is "No".

The [t_interval] and [t_overlapping] intervals are output equally for the

both algorithms.

Plots may be displayed versus time, or rotor speed. Examples of mean value
[Peak-to-Peak] plots are given in Figure 17.2.

Mean value

x

0 1 11|

—
I

100 200 300

400 500
[tImin]

600 1700 800 900 1000

Figure 17.2
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The FFT parameters window is shown in Figure 17.3.

Des FFT Designation
m Hanning d Window function
resampling step |1 Resampling load step
t_st_real 7 3 ﬂ Real start time
t_fft_interval 033 s j Time interval for FFT
0 Hzﬂ Start frequency
2 700 sz Stop frequency
Figure 17.3
Table 17.2 Algorithm parameters
Parameters Designation Description
Real start time t_st_real Beginning time for the FFT realization
interval
Window function window Type of window function that is
foreground on the chosen range
Resampling load step resampling Step of time signal loading to decrease
step sampling frequency
Time interval t_interval Length of the FFT realization interval
Start frequency fl Left border of the frequency range
Stop frequency 2 Right border of the frequency range

A user himself may define the time start of realization [t_st real], for
which FFT will be obtained and length of time realization [t_interval]. The
realization length should not exceed the length of the remained part of the

time signal.

Frequency range from [f1] to [f2] to output spectra may be also defined.

An example of the frequency spectrum is given in Figure 17.4.

A user can mark peaks on the plot. Place vertical lines of multiple
harmonics in relation to the current cursor position on the plot (click on the
point on the plot and click on the corresponding function).
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Figure 17.4

Before FFT signal may be processed additionally by applying of the
window function ( *).

You should remember that FFT are calculated for discrete signals with the
number of points that are multiple to the 2 degree (for example, ..., 4096,
8192, ...). Maximum value in peaks rate in the Fourier spectrum is equal to
half of sampling rate.

Information about the number of points in the asked buffer length, sampling
rate of initial signal and data on the number of points and Amplitude-Time
Characteristics length of the FFT used in calculation is printed in the log
panel.

This information is useful to optimize the parameters of the algorithm
[Waterfall diagram]

Requested t fft interval= 0.50([sec]; Number of points =
50001 Initial Sample rate=1.00000e+005 [Hz]

Actual t_fft interval = 0.328[sec]; Number of points=
32768; Sample rate=1.00000e+005 [Hz]

When increasing sampling rate, accuracy of obtaining high frequencies in
the spectrum increases, accuracy of obtaining low frequencies decreases. If
a user is interested in low frequencies, sampling rate may be decreased
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using the parameter [resampling step]. For resampling step=2 sampling rate

becomes twice lower.

User can output multiplications
feature user should select the point of interest by clicking on the chart and

press appropriate button ii . Vertical lines for 0.5x,1x..5x will be

presented.

17.3 Waterfall diagram

for selected harmonic. For using this

The waterfall diagram parameters window is shown in Figure 17.5.

window
resampling step |1

t st real 0
t_interval 10
t_fft_interval 0.2
t_overlapping |50
fl 0

f2 1000

Des \Waterfall diagram

Hanning

Designation

hd Window functicn
Resampling load step

s j Real start time

s ﬂT\memtEn'dl

s | Time interval for FFT

% _| Interval overlapping

Hz | stert frequency

Hzﬂ Stop frequency

Figure 17.5

Algorithm is intended for calculations of spectrum in accordance with the
given parameters of integration.
proportion time, absolute time and rotating speed.

The spectrums can be sorted against

Table 17.3 Algorithm parameters

Parameters

Designation

Description

Window function window Type of window function that is
overlaid on the chosen range of time
signal of window function
Resampling load step | resampling Step of loading time signal to decrease
step sampling rate
t_st_real Time of Amplitude-Time characteristics start
to build waterfall diagram
Time interval t_interval Variable defining length of realization to
calculate set of spectra for diagram
Time interval for FFT | t_fft_interval Variable defining length of realization for

spectrum calculation

Interval overlapping

t_overlapping

Variable  defining  realization intervals
overlapping for mean spectrum calculation

Start frequency

fl

Beginning of the frequency range

Stop frequency

f2

End of the frequency range
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All the parameters above are user’s input.

The diagram 3D view may be rotated with standard Windows vertical and
horizontal scroll bars movements.
The other example of a cascade diagram is shown in Figure 17.6.
Description of window functions and recommendations to set time interval
for spectra see in the section Fast Fourier Transform Algorithm
Display Control:
e Mouse wheel - zoom in / out
e Click + move mouse - rotate the chart
e  Press + left shift + move the mouse - move the chart
¢ Highlighting the spectrum and mode values with a single left-click
(LMB).
e Arrows from the keyboard can be used to change the selected
spectrum
e When double-clicking with LMB, flags are added to the picks.

Waterfall diagram
P 28322901 (819

Figure 17.6

17.4  Orbits (Transient response)

The motion orbits parameters window is shown in Figure 17.7.

Des Designation
t_st_real |0 |s Realstart time

t_interval |10 | s | Time inkerval

Figure 17.7
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It is possible to output orbits of any section and in any time interval. The
interval is defined by its beginning [t_st real] and length [t_interval].

Table 17.4 Algorithm parameters

Parameters Designation Description

Real start time t st real Beginning of the orbit output
interval

Time inteval t_interval Length of the orbit output
interval

The orbits are displayed in 2D and 3D forms. Examples of 2D and 3D orbit
images are given in Figure 17.8.

Figure 17.8

17.5 Rolling bearings info

There are two options of work with Dynamics R4 interface in order to carry
out analysis. Data may be obtained within the bounds of time signal
analysis from the results of the [Nonlinear analysis] algorithm and by use
of the [Rolling bearings info] algorithms of signals postprocessing, Figure
17.9.
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Figure 17.9

If the more detailed analysis of the bearing for the exact regime is needed,
the [Rolling bearing info] algorithm should be used.

For algorithm’s work the calculated results of the [Nonlinear analysis]
algorithm is required. Data for the [Rolling bearing info] algorithm may be
loaded from the previously saved calculation for the current model. Figure
17.10 presents the output window.

The algorithm interface is presented by several main blocks. In the window
upper part, the list of parameters/sections of the investigated rolling bearing
and amplitude-time characteristics graph of the chosen parameter are
placed. This part of the window is used for control of choice of operating
regimes.

In the lower window part, the elements of control of results at current
rolling bearing are presented. There is a list of regimes for analysis of the
bearing conditions with the elements of control of this list, output window
of a text log at the current regime and a button of control of information
export into clipboard.

Chosen by user regimes for bearing conditions analysis are highlighted in
red vertical lines and figures.
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Figure 17.10

m

Let us consider sequence of a user’s actions at work with this algorithm.
First, with the help of a cursor the point of the investigated parameter is
chosen in the amplitude-time characteristics of the displayed parameter. The
[Get Data] button is pushed for the immediate bearing data output.
Log window shows data concerning parameters of bearing conditions for
the chosen regime. There are: the whole stiffness matrix, a table of rolling
elements parameters, a table of linear and angular rings displacements,

reactions in bearings. To make a list of regimes, the button may be
pressed instead of [Get Data] button. The temporary value of the chosen
point will appear among the regimes list. In the sequel it is enough to
highlight the regime of interest in the list for a bearing data output. The
[Stiffness], [BRG], [Rings] buttons control data export.

- copying of stiffness matrix into clipboard;

- copying of a table containing rolling elements parameters into
clipboard;

- copying of a table including displacements and reactions in
bearings rings into clipboard.
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Data are copied into clipboard in the format suitable for insert into MS

Excel.

If several sections are highlighted in the regimes list, then the information
about the last regime is displayed. Using the buttons of copy into clipboard
the summary tables embracing all regimes are written.

Table 17.5
FX[N] Fy[N] Fz[N] MX[N/m] My[N/m] Mz[N/m]
ux[m] 7.36E+08 -6.94E+02 2.58E+04 1.53E+01 3.22E+07 -3.74E+02
uy[m] -6.94E+02 7.35E+08 | 1.14E+07 | -3.22E+07 | -1.50E+01 | -2.00E+00
uz[m] 2.58E+04 1.14E+07 4.52E+08 -4.82E+05 2.33E+03 0.00E+00
urx[rad] 1.53E+01 -3.22E+07 | -4.82E+05 1.54E+06 0.00E+00 0.00E+00
ury[rad] 3.22E+07 -1.50E+01 2.33E+03 0.00E+00 1.54E+06 | -3.78E+01
urz[rad] | -3.74E+02 -2.00E+00 0.00E+00 0.00E+00 | -3.78E+01 0.00E+00
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18 OUTPUT OF RESULTS - PROTOCOL

The user may output the model data and the calculation results with by
means of the function [Protocol] available in the Instruments panel or

started with the button 2 The button opens a tree window, Figure 18.1.

The output protocol format, HTML, MSWord or ASCII is user
determined. The HTML is recommended and is active at default. User
selects in the protocol tree the output data, shows the data saving catalog
and inputs the protocol name with the [Generate output] button.

The protocol format is controlled in a tree form.

Selection or release of a nod element leads to changes in all levels. For
example, selection of [text input] causes output of all model elements
parameters. The protocol tree contains all element types. If a type is not
used in the model, it is not displayed in spite of the selection.

NOTE: The output data amount may be remarkably reduced by exclusion of
calculated parameters of beams and shells like flexibility matrixes or mass
and inertia parameters

18-234




TRANZIT
LS4 4
User Guide
I [ table Shaft P =
table Materials i
| ble Kinematic joint
] wt Extended Propeties —, HTML -
=z M5Word
HTML
ASCH
table Beam E Themes
[ text Flexibiity matrix
-[¥] text Shell (1 Orange
-] text Shz.a\l with flange @ Elue
able Disk
-[¥]test Generalizad element | |
table Mass
-[¥] table Coupling
-[#]table Trunnion coupling
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-[¥] table Dynamic load
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JF| tahla Connaction onint S
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Predefined output templates
[ C:hUsersh... Templatesiinput_template 3, wml hd

Figure 18.1

NOTE: The input data assembling per the subsystem elements is located in
the: [text Input]->[text Assembly]->[text Subsystem] tree

NOTE: It is very useful to output only the required data. Selection of all
elements increases the protocol generation time; the text information may
increase up to a few hundred pages. The output protocol sample may be
determined and saved. The save path is input in the bottom dialogue
window.

A user can copy saved protocol template into “[User Application
Folder]\DynamicsR4A\Templates” folder. Then it will appear in the
dropdown list of the predefined templates.

At default the protocol file is created in the folder of the model file and has
the same name. The name extension suits the output format.
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Different protocol formats are shown in Figure 18.2, Figure 18.3 and

Figure 18.4.
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Figure 18.3
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19 MATERIAL DATABASE

The Material database formed by the users is presented in the main
Elements library, Figure 19.1.

B B Materials
g ET-9
g EI-B66
- ggp BT-250
P EI-866-1
g EI-B66-2
e gg? EP-866-1
P EI69E-1
g EI69S(ED1)
egg? BT-20
5P EPBEE
g EP-TOB
g EP-708-1

Figure 19.1

The material properties are input by editing in the Figure 19.2 window
under commands [Tools], [Edit Materials DB].
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PenaKTUpoEaHye Bashl MATEpUANOS L I L=

Des e [ e tho Ln_dec -
8T8 114e+011 03 un 0

3M517-W 206e+011 03 7806 0

BTSN 1.25e+011 03 430 0

BT6 125011 03 a3 0

BT20 1.25e+011 03 250 0

BK105 (3M1718) 19e+011 03 5300 0

BX105 (3T718) 700 rpa... 1324e+011 03 3300 0

B2 2e+011 03 8705 0 |
BX1-14 1756011 03 3170 0 [
BTN 1.25e+011 03 5100 0

BT6 250 rpaycoe 1.03e+011 03 43 0

ET6 350 rpagycos 1026011 03 w30 0

BT6 450 rpagycos 9.7e+010 03 43 0

BT20300 rpaaycoe 1076011 03 50 0

BT20350 rpaaycos 1.038e+011 03 250 0

BT20 400 rpaycoe le0lL 03 50 0

BT20 500 rpaaycos 9.5e+010 03 250 0

BT20 550 rpaaycoe 885010 03 250 0

oT-4 1de011 03 155 0

0T-4250 rpaa 93e+010 03 155 0

0T-4300 rpaa 86010 03 14550 0

0T-4350 rpaa 8.2+010 03 155 0

OT-4400 rpaa 73¢+010 03 155 0 i
4_ = B— - [ - B »
Hosamums | [ Ve [ mosamme. | [3arpyaue...| [Coparm._| [omemw | [ ok

Figure 19.2

The following data are input:

Material name [Designation]
Young modulus [E]

Poisson coefficient [rho]
Reduced mass [Nue]
Logarithmic decrement [Ln_dec]

A material may be applied to project elements by double click of the left
button. The material data may be used for determining system elements.

NOTE: The Material database may be transmitted to another computer by
copying the file [Program setup directory]\Data\materials.xml

The Material database is used when the same materials are used in different
projects. Changes of a material property by editing, deletion or addition of a
material do not influence the existing materials data. The amendments will
become valid after the code re-start.
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NOTE: Relation of a material property with a temperature is reflected by
addition of a few materials with the same names each marked with a
corresponding temperature

Control elements:

e Add - adds template of the material position with default
characteristics in database

o Delete — deletes current or highlighted line in the materials table

e [Add..] — gives opportunity to choose the file with the saved
material base and add it to the materials table

e [Load..] — gives opportunity to choose the file with the saved
materials base and replace the table content by files data

e [Save...] — gives opportunity to choose the file to save copy of the
Material base in file on the disk.

Note: Materials database file is placed in the folder with a user’s settings.
for example, in Windows XP «C:\Documents and Settings\[User
Name]\Application Data\DynamicsR4\materials.xml». The button [save...]
does not influence file location
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20 USING PYTHON IN [USER LINK] ELEMENT

It allows developing the user's own algorithms of nonlinear effects in
rotating machinery to program a new link between subsystems (a journal
bearing, a magnetic bearing, etc.) and their integrating into the
Dynamics R4 program system.

20.1 Script relations with Dynamics R4

The main element to connect the script with the program is
[exchangeContainer] object.

Data exchange between the program integrator and the script algorithm goes
through this object. When a script introduces a non-linear algorithm its
input data are displacements, velocities, accelerations and rotation angles in
sections connected with the UserScriptLink. These parameters are listed in
Table 11.1.

A variable inside a container is referred by its name.

Example:

uxl=exchangeContainer.getDoubleValue('ux1')
Tx1=exchangeContainer.getDoubleValue('tx1")

Script output parameters are force and moment reactions listed in
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Table 11.2
Example:

exchangeContainer.setDoubleValue(‘fx1',fx1)

20.2 Additional parameters

A non-linear element algorithm often needs additional information on sub-
systems rotation speeds, current integration time, phase shift, etc. listed in

Table 20.1
Table 20.1
Parameter Type Description
time_proportion double | Current relative time, or abscissa
in velocity change relation
integration_time double Current absolute time, or
integration time
rotating_phasel, double Current absolute time, or
rotating_phase2 integration time
rotating_speed1, double Current speeds of subsystems
rotating_speed2 rotation
call_status int Returns information flag on
integration step
-1 —first algorithm call (firstCall)
0- correct step ( processCall)
1- last iteration (lastCall)
2- step to be saved
(processCallSave)

Example:

omegal=exchangeContainer.getDoubleValue('rotating_speed1")
phasel=exchangeContainer.getDoubleValue('rotating_phasel")
flag= exchangeContainer.getIntValue(‘call_status’)
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20.3 Exchange Container object functions
getDoubleValue('Var_name'), getintValue("Var_name')
These functions get variables’ values from the Container by the variables’
names, the names are marked with quotes. Examples concerned are given in

parameters description.

setDoubleValue(*Var_name', var),
setIntValue(*Var_name', var)

This function defines the parameter value 'Var_name' from the script
variable, or creates a new parameter in exchangeContainer.

Example:

force_x1=100.5
exchangeContainer . setDoubleValue (‘fx1°, force x1)

NOTE: If the sent quoted parameter name is absent in the
exchangeContainer, the new parameter will be added to the container. This
option may be used for exchange of data common for all iterations. See the

example in IsExist function.

IsExist ("Var_name',"Type")
This function checks availability of a variable in the container. The input

parameters are two strings, the variable name and the variable type. The
returned value is a Boolean True or False.
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Example:

test_var=0

if False==exchangeContainer.IsExist(' test_var ','double’):
#will execute only at first iteration
#calculation of some data
test_var=CalcSomething(...)
trace(' test_var ='+str(test_var))
exchangeContainer.setDoubleValue(' test_var ', test_var)

else:

test_var =exchangeContainer.getDoubleValue(' test_var ')

20.4  Print development info in the program log file.
trace(*massage’)
Prints needed info in the Program Log window.

Example:

trace(’ test_var ="+str(test_var))

Here function str(test var) transforms a number into a string (Python
function)

20.5 Acceleration of the Script element function

You can speed up calculation of a non-linear algorithm programmed in the
User Script Link. To do this, the script is divided into two logical parts: the
first is initialization, the second is the main part, which must be called on
each step of the transient response calculation. This second part of the
algorithm has to be moved to the special function which will be called many
times, the rest of the script will be executed at once at the very beginning of
the calculation. To this end the user have to define a function with a special
name “dyn_loop()”, if the function is not defined the entire script will be
called on each time step during the transient response calculation.
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#code that will be called at the beginning of the calculation (initialization)

def dyn_loop():
# the main algorithm is here

In the script editing window it may look like this, Figure 20.1.

] Behavior script “

from dynlib import *

»x =1 #initialization
def dyn_loop(). #function definition
sir = "X iz egual to %d” % (X}

trace(str)

dyn_loop() #he first time step call {if necessany)

W | Cancel

Figure 20.1
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21 SIMULATION COMMAND INTERFACE

The Command interface extends the user’s capabilities in models build and
parametric studies. It is possible to create converters from simulation
formats or from external systems into the Dynamics R4 format. It is
possible to input table form data automatically. Also it is possible to build
small “calculators” to calculate elements data.

Converters. Sometimes the input data are given in a table form. This may
be data from an external system, or drawing review results, or results of
stiffness matrix calculations. The command simulation interface helps to
input these data.

Calculators. Sometimes the input data need preliminary calculations, for
example support stiffness, or flange flexibility. This calculation may be
done in the script and resulting values may be used for an element insertion.
For details see Dynamics R4 reference.

Parameterization. The user may create calculations of a complicated
function values or describe a complicated parameter variation.

Figure 21.1 shows a script example to describe a cantilever beam of 10
elements.
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%4 ex01_Canteliver_bar.py - DA\For Learn\LearningCourse\ex01_Canteliver_bar.py = | ] S

File Edit Format Run Options Windows Help

from dynlib import ¥ =

11T /, FIEIIELT 110
document=exchangeContainer.getObject ("do
root=document.getRootObiect ()
bldr=ModelBuilderRDM (root)

bldr.setCurrentMaterial (7850,2.1e+011,0.3,0)
obj_Subsystem l=bldr.shafrt ("Swbsystem 1",0,0,0,0,0,0,0.01)
bldr.clearCurrentMaterial ()

for i in range (10):
bldr.beam("Seam "+str(itl),0.1,0,0.02)

obj_Rigid link 1=bldr.rigidLink("Rigid link 1",Mone,None,1,1,1,1,1,1)
bldr.connectlink2 (obj_Rigid link 1,0b]j_Subsystem 1,0,Nons,0)

Ln: 13|Cok: 24

trace ("Script finished")

Figure 21.1

A script produced model may be loaded by [File/Start script].
A standard created model may be exported into a script by the menu
command [File/Export to script].

Note: To work with scripts we recommend to install Python SDK
(www.python.org)

21.1 Converters
The command simulation interface facilitates input of table format data.

Together with the reference system, we supply the data converter for the
data calculated in Xlpocket and Xtltpad (www.rmt-inc.com).

These codes (Figure 20.2) calculate stiffness and damping of different
sleeve bearings, cylindrical, elliptical, or segment.
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Figure 20.2

It is necessary to input the data into Dynamics R4, Figure 20.3

Speed Ko Koy Kyx Kyy Cax Cxy Cyx Cyy

rpm Ibffin Ibfiin Ibfiin Ibffin Ibf-sfin Ibf-s/in Ibf-sfin Ibf-sfin
20000 1672913 74 784] -2 726 373] 1 703 610 948 -3 -137 1 689
15 000] 1 347 169 110 257] -2 224 833 1 410 168 1054 533 539 1909
12000] 4 143 333 122 044 -1 906 8461 1 224 133 1145 -§26 -323 2099
100000 933 342 114 714| -1 686 953 | 1 094 737 1209 347 -1 007 2371
8323 B7T1033 93 666) -1 494 932 968 811 1255 -1 063 -1 085 2458
G000 631 333 77 788| 1273 623] 842 332 1373 A7 -1 267 2 878
4000 523 357 36897| -984 980] 741 139 1 487 143 -1.337 3 388
3000 447323 M 571 -BTI 024] TO2 643 1637 1673 1831 4337
2000 335908 -13969] 761 098| 710 500 1794 -2 038 -230 5839
1000 2553972 -60 193] 673079 837 433 2438 -3 328 -39%0 11 106

Figure 20.3

The table shows stiffness and damping coefficients calculated for 12 speeds.
A manual input requires creation of 8 variable models, creation of a link
with an asymmetric stiffness matrix and connection of the variable to each
of the matrix coefficients. Each variable shall contain 12 regimes. This is a
time and labor consuming job.
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Scripts carry out this work automatically and thus exclude possible errors.
To start the scripts it is necessary to transfer the data from the table into the
Brgs_Input.py file and create an array Bearingl (the name is arbitrary).

Bearingl=[

20000,1672913, 71781, -2726573, 1703610, 948, 757, =737, 16388,
15000,1347169, 110257, -2224833, 1410168, 1054, —-838, 839, 1909,
12000,1143398,122041,-1906846,1221139,1145,-926,-929,2099,
10000,999812,114711,-1686963,1094737,1209,-997,-1007,2271,
8329,871093,99666,-1494932,988911,1255,-1063,-1085,2459,
6000,691595,77768,-1223625,842952,1375,-1217,-12€7,287¢6,
4000, 525357, 36997,-984990, 741159, 1487,-1431,-1537, 3586,
3000,447339,21571,-873024,702645,1637,-1675,-1831, 4337,
2000,356906,-13969,-761098,710900,1794,-2038,-2320,5839,
1000,266972,-60193,-675079,837433,2436,-3339,-3990,11106

1

1. Copy the table with stiffness and damping coefficients into an

empty Excel file, add a letter as the last column.

Save the file as csv with comma separators

3. Open the file with a text editor, notepad, for example. If the
separators are semicolons, replace them with commas and delete
all letters from the last column and the comma after the last
element. Now the data are ready for the script input.

4. Insert the array into square brackets.

>

The reference examples archive has an import example of three bearings
data. The speed variable connected to the created sub-system is added to the
model. Addition of variables and two links is the result of script running.
One link is described by nonsymmetrical stiffness and damping matrixes.
This link is not taken into account in Basis algorithm. The second one is
used in Basis.

NOTE: User should check the Basis calculation range for results
correctness.

Archive contents:

BldrBearings.py — running as < File>, <Run script>
Brgs_Input.py — calculates bearings input data
Bearing.py - auxiliary module (no editing)
Interpolation.py - auxiliary module (no editing)

NOTE: Stiffness and damping values are created in Sl units (N/m, N*s/m).
The script needs point digits separator. Digits groups cannot be separated
with blanks.
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22 MATRIX CALCULATOR

When an engineer simulates complex design units, the necessity in matrix
calculations may arise. For example, as a result of calculation in Finite
Element Method programs for common purposes the flexibility matrixes of
engine structural elements were obtained. Compliance matrix inversion may
be required in order to input data about the received elastic characteristics in
a model using links.

For a user’s convenience the matrix calculator was added to Dynamics R4.
It may be found in the menu “Tools \ Matrix calculator”, Figure 22.1.

Matrix A

Help
LA -last active matrix

are set ko diag

table
Far additional information press the 7 button in the dialog caption

Tnit LA - iniialize the last active table with the matrix of rows*cols, Diagonal elemerts

“C=", "B=", "LA="~means that the result of operation wil be stored in the specified

[ e [ c=mwer | [ camian | (]

Matrix B
SO3E-L0  LMEE-L0  -3739E-10 | LBG4E-DT  340G6E-05 0 ] L 0 0 0
5.938E-10 4.561E-07 9.422E-08 -2.732€-07 | 8.255E-10 -2.506E-09 0 1 0 ] 0 ]
L.348E-10 9.422E-08 2.165E-08 -5.568E-05 | L762E-10 -5.229E-10 -1 0 0 ] 0 ]
-3.739E-10  -2732E-07  -5.568E-08  LBISE-07 -4.987E-10  L473E-09 0 0 0 ] 0 1
LBH4E-07 8.255E-10 L762E-10 -4.987€E-10  L30LE-07 -L200E-08 0 0 0 ] L ]
3.806E-08 -2506E-09  -5.229E-10  L473E-09 -1.200E-08  L9IGE-07 0 0 0 -1 0 ]
Matrise C
2.165e-008  9.422¢-008  -1348e-010 -5.229¢-010  L762e-010  5.568e-008 Init LA rows 6 cols. & diagonal o
9.422e-008  4561e-007  -5.938e-010 -2.506e-009 ' 8.255e-010  2.732e-007
-L348e-010 -5.938e-010 3.332¢-007  -3.806e-008  -1.564¢-007 -3.739¢-010
-5.2206-010 | -25066-000 -3.306e-008 | LOL8e-007 |-12e-003  -L473e-000 | C=invert(1#) | [ c=Transnose ) | [ amtate | x= 1
LT626-010 | 8.255e-010  -LB64e-007 -126-008 | 1301e-007  4987e-010
5.508e-008 | 27326-007  -3739e-010 -L473¢-009 | 4987e-010 | 1395e-007 s ) CSoeiras B)

Figure 22.1
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The calculator window includes three tables presenting data concerning A,
B, C matrixes, buttons of matrix operations and report windows.

Matrixes may be input using clipboard. They may be copied from other
tables in the program, protocol files, Excel, Word or from the text file
(delimiters — commas and tabulation).

Before matrix insert the required number of rows and columns should be
assigned The sign “LA” on the button implies that operation will be made at
the matrix from the last active table (Last Active). The signs “C=", “B=",
“LA="show where the operation result is stored.

Description of operations:

“Init LA” — initialization of the last active matrix (LA) according to the
defined number of rows and columns with the completion of the diagonal.
“Complete LA” —filling of the left lower matrix triangle as the right upper
triangle (symmetrically).It may be used when inserting a matrix from the
links into Dynamics R4.

“B=Rotation Matrix...” — call of the dialog of creation of the 6*6 rotation
matrix from a right coordinate system into another one.

“C=Invert(LA)” — LA inverting with the result record in C (translation
flexibility matrixes into stiffness ones and vice versa)

“C=Transpose (LA)” —LA transposition with the result record in C
“LA=LA*X” — multiplication of LA by a number

“C=A*B” — multiplication of A and B matrixes by the result record in C
“C=B*A*BT” — matrix permutation

“C=Inv(A-B)” — inverting of the result of substraction matrix B from A.
(compensating links)

“MR, MS, M+,M-" — operation of work with memory and LA — reading
from memory in LA; saving of LA in memory; summation of LA and a
matrix in memory; substraction from matrix in LA memory

Obtainment of rotation matrix

When the “B=Rotation Matrix...” is pressed, the dialog of obtainment of
rotation matrix for move from one coordinate system to another one is
called. It is used for conversion of stiffness and flexibility matrixes (6*6).
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global COS alternate COS Transfarmation matrix (6x6)
e 0 0 L 0 0 0
1 L 1 [ 1 1
A
URx
e -1 1] 1] [ 1] 1]
a a a L] a 1
< Utz Q Q Q [ 1 Q
uty URy 0 0 0 -1 0 0

Help:
Enter three rotation angles eps_x, eps_y, sps_z (in degree) For alternate to reference coordinate system (C05). Rotation from the reference COS
to alternate performs as rotation abaut ¥ axis, then rotation about new position of ¥ axis and sbout new 2 axis. Transformation from reference to
alternate COS performs with matrix operation C*A*CE, (C — transformation matrix 6%6, & —Flexibility o stiffness matrix). Reverse rotation is
CE*a*C, Index ‘t* — means transposed,

Figure 22.2

Enter three rotation angles eps_x, eps_y u eps_z for an alternate coordinate
system (COS), Figure 22.2. The units are degrees. Global COS is rotated
into alternate one by consecutive rotation about X axis (eps_x), then — about
new position of Y axis (eps_y), after that — about new position of Z axis
(eps_z). Transformation from global to alternate COS is implemented by
the matrix operation C*A*Ct, where C is 6*6 rotation matrix, A —
flexibility or stiffness matrix in global COS. Reverse rotation is Ct*A*C.
Index “t” means transposed.
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23 CONVERSION OF [RIGID LINK] ELEMENTS

As a result of incorrect modeling in complex models at active use of the
[Rigid link] elements at basis calculation, shapes can be computed with
improper orthogonality. Quite significant values in orthogonality matrix
(1e-5...1) for nondiagonal elements testify this.

As substitute, an equivalent elastic link can be created. Meanwhile,
the previous link is deleted. Deletion of initial rigid links may be cancelled
using Undo/Redo.

When converting links, their ot s o S
attachment to subsystems is taken i T
into  consideration;  there are ® Alin sursn sssanbly shoft
visualization parameters d*, B*, D* gkt
and fixing type. Vales

In an equivalent elastic link .
the big stiffness is assigned only for "
those degrees of freedom which were Figure 23.1

fixed in a rigid link. Current elastic
link may be replaced using context menu for the element which is active in
the model tree.

The menu [Service\Convert rigid links by elastic links] may also be
used. Meanwhile, the dialog window with conversion settings appears,
Figure 23.1.

Using these settings, equivalent stiffness (recommended values
1e10-1e12 N/m) and the type of the substitute may be assigned. Besides
current link, all rigid links may be converted in the current assembly or in
the whole model.
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NOTE: Additional information on this matter can be found in the

“Simulation in Dynamics R4 (HowTo...)”
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24 HOT KEYS

To speed up some operations, the program has the following
hotkeys. LMB - left mouse button.

Hot keys Context Description
Ctrl +G Group Enables / disables the current group.
Ctrl +G Groups Adds new group
Adds current element to last active/used
Ctrl +G Point element | group
The old mode of selection of active
elements, elements of only the active
Ctrl 2D panel assembly are selected
Structuring groups of variables. When
holding down the Ctrl key and in case of
Variables, inactive element, [Variables] in the model
Element’s tree, when added by a double click,
Ctrl library prompts you to select a parent element
Variables, Create a new variable in the [Variables]
Ctrl+Shift+V | Model tree node selected in the model tree
Element Create a new variable and attach to the
Ctrl+Shift+V | parameter current parameter of the active element
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2D panel, | Creates a [Link] element in the active
Ctrl+L Model tree assembly
2D panel, | Creates a [Link] element with a parent
Ctrl+Shift+L | Model tree assembly request
2D panel,
Shift+L Model tree Adds [Elastic nonsymmetric link]
The element is added with dimensions
according to the position of the cursor, and
Ctrl +JIKM | 2D panel, | not the dimensions of the previous
click Model tree element.
Element Multiplies the current parameter of the
Ctrl+2 parameter element by 2
Element Multiplies the current parameter of the
Ctrl+4 parameter element by 4
Element Divides the current parameter of the
Ctrl+Shift+2 | parameter element by 2
Element Divides the current parameter of the
Ctrl+Shift+4 | parameter element by 4
While holding down the Shift key, the
drag and drop of an object leads to
Element drag | copying the element to a new position, and
Shift and drop deleting from the old one
Moving through the history of active
elements. Activates the previous active
ctrl+shift+Z | Model tree item
Moving through the history of active
ctrl+shift+Y | Model tree elements. Activates the next active item
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