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This printed document contains only the “Introduction, Set-up,
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Installation and Operation” section of the manual.
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1.0 INTRODUCTION AND HISTORICAL BRIEF

ARMD (Advanced Rotating Machinery Dynamics) is a new generation software
package developed by RBTS to bring you the most advanced and complete
rotor/bearing analysis capabilities for evaluating practically any bearing, rotor/bearing
system, or mechanical drive train. ARMD is developed for performing:

Rotor Dynamics

Torsional Vibration

Fluid-film Bearings

Rolling-element Bearings

Lubricant Temperature-dependent Properties

ARMD is an integrated analysis package that incorporates state-of-the-art numerical
and modeling features giving the ability to evaluate the physical system accurately and
efficiently. ARMD is user-friendly with options and features that include:

Context-sensitive help

Menu and windowing environment

Inter-module communication and data exchange
Graphical and text capabilities

Data range checking

Advanced file management system

Advanced mouse support features

ARMD was developed in-house by RBTS' principals who, prior to 1986, were employed
at The Franklin Institute Research Laboratory (FIRL). FIRL was an internationally
known scientific and engineering organization dating back to 1824. Since 1950, FIRL
was a leader in the field of tribology and rotating machinery dynamics. RBTS' principals
since the early 50's were, and still are, involved in the area of tribology and machinery
dynamics. They have provided industry with engineering technical support and
software for the design, development, fabrication, and application of fluid film/rolling
element bearings and seals. RBTS has been at the forefront in the development of
advanced software for the evaluation of bearings, bearing systems, and vibration
associated with rotating machinery and drive trains.

1-1
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2.0 TECHNICAL SUPPORT AND SEMINARS
2.1 Technical Support

Technical support for ARMD can be received from either your local authorized
distributor or through RBTS, Incorporated:

RBTS, Inc.
1041 West Bridge Street
Phoenixville, PA 19460, USA

Tel: 610.415.0412
Fax: 610.415.0413

Web: http://www.rbts.com
e-mail: support@rbts.com

2.2 Seminars

RBTS offers seminars in the area of bearings and machinery dynamics annually. The
seminar, "FLUID-FILM/ROLLING-ELEMENT BEARING TECHNOLOGIES &
ROTORDYNAMICS INTERACTION?", is typically offered in the spring.

An optional on-site tutorial and orientation session is also available to RBTS customers.
The tutorial and orientation session covers software theory and application, bearings

and rotor/bearing systems design, and interpretation of the results generated by ARMD
software. The session can be tailored to address client-specific equipment and needs.

2.3 Maintenance and Updates

Maintenance and updates of RBTS' software is provided free of charge for the first year
after initial purchase. All modifications and improvements implemented during this year
are automatically sent to users. This coverage can be extended thereafter for a nominal
fee each year.

2-1
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3.0 ARMD OVERVIEW

The ARMD software package is constructed from several modules (preprocessors,
processors, and utilities) that interact with each other in a seamless fashion under one
environment. The top-level menu of ARMD (shown below) consists of the following
preprocessors:

> ROTLAT Rotor dynamics lateral vibration.

» TORSION Torsional vibration.

» VISCOS Lubricant temperature dependent properties.

» JURNBR Fixed geometry fluid-film journal bearings.

» HYBCBR Fixed geometry fluid-film conical bearings.

» THRSBR Fixed & tilting-pad geometry fluid-film thrust bearings.

» TILTBR Tilting-pad geometry fluid-film journal bearings.

» COBRA Rolling element bearings.

» ArmdWear Wearing rings tool.

» ArmdAeroCC Compressor wheels aerodynamic cross-coupling effects.

&£ ARMD for Windows 5.8 = | B |-

Advanced Rotating Machinery Dynamics

Dynamic Analysis Fluid Film Bearings WViewer Utilities
e
{ /Journal . Text
= 2
& Rotor Dynamics
)7 Conical Q@ Plots
T J
%M% Thrust .+ Bearing
[ =
@D Torsional Vibration
ilting Pad 47 3D Shaft
§4 Tting st
Tools
) ) ) ) ‘g Wear-ring
Lubricant Properties Rolling Element Bearings
A . oo )
| Viscosity | ¢ _bcoBRA ‘ (7)) Aerocc
Click a button to run a module. Right-click a button for module help. Copyright @ 1986, 2013 RBTS Inc.
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The overall hierarchy of the preprocessors and processors can be viewed as follows:
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The front end of ARMD communicates directly with all preprocessors. Each of the
preprocessors is utilized for input data creation, editing, saving, file management,
processor communication, and text and graphical presentation of results.

With any purchase option, all pre and post processing modules are supplied. For
example, if only the STABILITY solution module (ROSTAB) is ordered, the pre and post
processor ROTLAT is supplied.

The demonstration (Demo) version of ARMD includes ROTLAT, TORSION, VISCOS
and JURNBR pre and post processors. This Demo version is intended to give you a
feel to the operation of ARMD and its various options. The Demo includes sample
problems of real life machinery and their support bearings for you to examine and
familiarize yourself with the various input, output, and features of ARMD.

3-2
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4.0 MANUAL ORGANIZATION AND
TERMINOLOGY/NOTATION

The ARMD user's manual is divided into nine (9) sections:

1. ARMD

2. ROTLAT

3. TORSION

4. JURNBR

5. HYBCBR

6. TILTBR

7. THRSBR

8. COBRA

9. VISCOS

ARMD introduction, set-up, installation and operation (this section).
Rotor dynamics lateral vibration.

Torsional vibration.

Cylindrical fluid-film fixed geometry journal bearings.

Conical fluid-film fixed geometry journal bearings.

Fluid-film tilting-pad geometry journal bearings.

Fluid-film fixed and tilting-pad geometry thrust bearings.
Rolling-element bearings.

Lubricant temperature dependent properties.

Each section has a detailed description of the module operation, system modeling, input data
file construction, and processor output. It also includes several practical sample problems.

The following terms are used throughout manual

ARMDMENU

Filename.xxx

HYBCBR
input file
JURNBR

module
output file

Front end program for ARMD.

User specified file name with defaulted
extension set by the preprocessor.

Conical bearing analysis module.

ASCII file which is the source of data for
a processor (i.e. MOTOR-1.ROl is a ROTLAT input file).

Journal bearing analysis module.

Computer program.

File produced by a processor. This includes
graphics and text files. (i.e. MOTOR-1.SYG and
MOTOR-1.SYO are graphics and text output files
respectively produced by ROSYNC processor).

4-1



postprocessor

preprocessor
Processor

or Solver
RORESP
ROSTAB
ROSTAT
ROSYNC

ROTLAT

ROTORMAP

THRSBR
TILTBR

TORNAT
TORHRM
TORRSP

TORSION

VISCOS

ARMD — Main

Module used to perform post processing on an

output file. The post processor eliminates the

need to run a full analysis (processor) again

when certain parameters are changed.

Module used to control the contents of an input

file. This includes editing, printing and modeling.
Program or module used to generate results.

Rotor dynamic time transient response analysis solver.
Rotor dynamic stability analysis solver.

Rotor dynamic static deflection analysis solver.

Rotor dynamic unbalance response analysis solver.

Rotor dynamic analysis module. ROTLAT
controls ROSTAB, ROSTAT, ROTORMAP, ROSYNC and RORESP.

Rotor dynamic analysis solver for generating
critical-speed and stability maps.

Thrust bearing analysis module.

Tilting-pad bearing analysis module.

Torsional stability and natural frequency analysis solver.
Torsional steady state response analysis solver.
Torsional time transient response analysis solver.

Torsional analysis module. TORSION
controls TORNAT, TORHRM and TORRSP.

Lubricant viscosity analysis module.

Preprocessor functions invoked from a menu will be represented in the form
MainMenu>SubMenu>Function. For example, View>Graph>by Template displays list of
graph templates for current graphics data. File>Print prints the contents of the current file to

printer.

4-2
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5.0 INSTALLATION

5.1 Hardware and Software Requirements

Hardware Requirements
The ARMD software package requires the following hardware:

Personal computer with Pentium CPU or better

600 MByte of disk space (approximately for full installation)

Printer (optional)

USB or parallel port dongle supplied by RBTS, Inc. for purchased modules.

512 Mbyte (XP) minimum

VGA or SVGA graphics board with monitor (256 colors or better, 800x600

resolution or better)

- For the 3 D Shaft Viewer, a modern GPU assisted graphics card supporting
Microsoft DirectX 9.0c with on-board antialiasing.
NVidia: Geforce2 or higher required, Geforce 4(non-mx) or higher recommended.
ATI: Radeon 7500 or higher required, Radeon 9600 or higher recommended.
SiS, Intel and S3 cards might or might not be supported. In general, if after
installing the latest driver for your graphics adaptor you cannot open the 3 D Shaft
Viewer, the graphics adaptor may not be supported, please contact RBTS for
further assistance.

- Mouse

- CDROM drive

Software Requirements

- Microsoft Windows XP, Vista, Windows 7, Windows 8 or higher.

5-1
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ARMD is supplied on a CD-ROM containing the following folders and files:

Folder/File Name

ARMDS58Setup.EXE  file

Description

Installation program. Includes ARMD utilities and
configuration files.

SoftwareLicenseKey file
Installation.pdf

Installation instructions document for installing
network concurrent access license key or a
standalone software license key.

DirectXRuntime folder DirectX run time library files.

DotNET folder

Key_Software folder Contains files for field update of memory key
(dongle).

PROCSSRS folder Contains all ARMD user interface modules and
associated help utilities. These modules are
included in subfolders having the software modules
name.

SENTINEL folder Contains the Sentinel drivers required for ARMD
operation. The latest Sentinel drivers can be
downloaded from:
http://www.safenet-
inc.com/support/tech/sentinel.asp

SOLVERS folder Contains all ARMD solvers and associated input
data files, templates, and sample problems.

SYSTEM folder Install programs for ARMD support files.

5-2
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5.3 Installation

To install ARMD, insert the ARMD CD-ROM into the drive. If the computer system does
not automatically detect and start the installation, from the Start menu, choose the menu
item Run... and click the Browse button to locate ARMD58Setup.EXE in the root
directory of the supplied CD. Click OK to run the installation. For downloaded copies of
ARMD V5.8, uncompress the “armd58.zip” file to a folder of your choice and run setup
by double clicking the “armd58setup.exe” file.

The install program prompts the user for required information. The installation may be
aborted at any time by clicking the Cancel button.

****% |nstallation Privileges *****

Note 1: Windows operating systems, such as XP, VISTA and Windows 7, will need to
have “administrative” privileges in order to properly install/uninstall ARMD.
Also, if ARMD is being installed for group access, the administrator for the
group should be performing the installation.

Note 2: Notebook computers with docking station should be disconnected from the
docking station and booted standalone prior to installing ARMD and the
Sentinel memory key driver.

Name ’ Date modified Type Size

Note 3: For installation on VISTA or higher operating KeyScfware  4/1/2008353PM il Folder
system, if ARMD installation is to include o VL REIIN | reeretis
COBRA, “"ARMD58Setup.exe“must run as an sover Open
administrator, which is accomplished with a armdszinichange |y oo

. . . . i armd57setup.EXE
right mouse click after selecting the setup file B Unwise32xe Create Shortat
Delete
aS ShOWﬂ Rename

Properties

The following screen begins the installation. Press the Next button to start the
installation.

5-3
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ARMD for Windows V5.8 Installation

ARMD Wzl Welcome!

Thiz inztallation program wall install the ARMD for Windows
W8,

Press the Mext button to start the installation. 'ou can press
the Cancel button nows if pou do naot want to install the ARMD
far Windows 5.8 ab this time.

alemyog g AbBojouyos| Buuesq Jojoy

A list of ARMD options will be displayed as shown below. Check those items that you
purchased and wish to be installed, or uncheck the items you did not purchase or do not
wish to install.

ARMD for Windows V5.8 Installation

U IBRYER:] Select Components

Chooge which components to install by checking the bores

2 below.

—ARMD Modules
ARMD Utilities 1827 k
Lubricant Analysiz [VISCOS) 326k
Torsional Vibration [TORSION) 18968 k
BRotar Dynamics (ROTLAT) 715 kK
Jourmal Bearing [HJURMER) 1422k
LConical Bearing (HYECER) 11737 k
Thrust Bearing [THRSER) 11662 k
Tilting Pad [TILTER] 10881 k
Ralling Element [COBRA) 13682 k

r Sentinel Driver
W Sentinel Drivers (Fequired for ARMD memany key)

r— Directs Runtime
v Direct< Runtime [Required by the 30 Shaft Yiewer

A
o
=1
5]
o
(0]
@
=
=
a'
5]
=
2
o
]
o
w
Q
g
@
@

Dizk Space Reguired: 158920k
Disk Space Remaining: 233025853 k

Note: Ensure that the new Memory Key driver is installed. The driver is automatically
installed during the ARMD installation unless users uncheck the Sentinel Drivers
check box during the ARMD installation.
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A screen will then appear (shown below) informing the user that a Sentinel Driver will be
installed. If the ARMD installation is being installed on a portable computer that is
connected to a docking station, the computer should be undocked prior to continuing
the installation. This will ensure that the Sentinel Driver will be installed and operate
correctly. Check the box and press the Next button to continue the installation process.

£l ARMD for Windows V5.8 Installation

ARMD _YS 81 Sentinel Driver Requirements

Important Notice for Portable Computer Users

‘Y'ou cannot inztall the Sentinel Drivers on a portable
computer while it iz connected to & docking station.

Uszers with docking stations must boot the computer and

install the Sentinel Drivers without being connected to a
docking station.

¥ Check this box to continue with the installation.

alemyos g ABojouyos| Bulesq Jojoy

A screen will then appear asking for customer and company names. Fill in these fields
with your information and press the Next button to continue the installation process.

s ARMD for Windows V5.8 Installation

AGVIISRYEREY Registration Information

ating
M o5

Please enter the name and company of the registered owner of
the ARMD for Windows V5.8 into the fields below.

Reqistered uzer's full name:
|&RMD User

Fiegistered uzer's company name:
|RETS, Inc]

.y
=]
=]
g
ox)
o
@
-3
@
a'
(2]
=
E]
[=]
]
&
g
(73]
(=]
=
=
1]

< Back I Mest » I
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After selecting components to be installed and pressing the Next button, the destination
directory will then be requested. If the default path is not appropriate, check the
“Change” box(s) then press the Next button to continue the installation program.

&l ARMD for Windows V5.8 Installation

Accept Default Installation
Locations

The following locations are the directories where the ARMD
for windows W5 8 program and user files will be installed. To
change them, click the adjacent check boxes. Click NEXT to
continue.,

Program Files:

C:Program Files [«86])waR MDwW5E [~ Change
Samples and User Projects:

C:\UsershPublich D ocumentsh A RMD 58 [ Change

g
[=]
&
i
=1
=
=
oy
&
=
=1
[=]
w
=]
go
&
g
@

< Back Mext = | LCancel

Note: ARMD V5.8 installation, by default, will install the user interface programs,
solvers, help files, manuals, DLL’s and system files in the Program Files folder
(protected area on VISTA, Windows 7 and 8 operating systems) under the folder
name “ARMDWS58”. All other files including Templates, Samples, Lubricant &
Material Properties, User files, etc. will be installed in the shared documents
folders under the folder name “ARMD58”.

For Windows XP operating systems the default folders for installation are:
C:\Program Files\ARMDWS58 for user interface programs, solvers, help files,
manuals, DLL’s and system files.
C:\Documents and Settings\All Users\Documents\ARMD58
for all other files including Templates, Samples,
Lubricant & Material Properties, User files, etc.

For Windows VISTA, 7 and 8 operating systems the default folders for installation

are:

C:\Program Files\ARMDWS58 for user interface programs, solvers, help files,
manuals, DLL’s and system files.

C:\Users\Public\Documents\ARMD58 for all other files including Templates,
Samples, Lubricant & Material Properties, User
files, etc.

5-6
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Replaced files (e.g. DLL’s) can be backed up to a subdirectory within the main
ARMDWS58 directory (e.g. C:\Program Files\ARMDW58\BACKUP). Answer Yes to
perform this function, else select No to skip making backups.

£l ARMD for Windows V5.8 Installation

A UIBRVER:Y Backup Replaced Files?

This ingtallation program can create backup copies of all files
replaced during the installation. Do wou want to create
backups of the replaced files?

* Yes
Mo

alemyos g ABojouyos| Bulesq Jojoy

LCancel |

If the default folder and path are not appropriate, click the Browse button and select a
new path. Then press the Next button to continue the installation program.

£} ARMD for Windows V5.8 Installation

A BRVER: Select Backup Directory

ating
s
Pleaze zelect the directory where the replaced files will be
caopied.

C:\Program Files [«86)\ARMDWRANEACKLIP

A
(=]
=3
54
[01]
@
B
w
@
=]
=
=
[=]
(=}
o
=
o
[72]
=]
)
&
@

< Back | Mext » | Cancel |

The installation program is now ready to copy files to your disk. Press Next to begin
installation or Cancel to abort installation.
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2El, ARMD for Windows V5.8 Installation =0

RUIBRVER:Y Ready fo Install!

You are now ready to install the ARMD for Windows W58,

Press the Mext button to begin the installation or the Back
button to reenter the installation information.

alemyos g ABojouyos] Bulesq Jojoy

A progress bar will appear on the screen showing what file is being copied to your disk.
A number is also displayed showing the percentage of the installation that is complete.

Installing ﬁ

Copying BOTLAT Files:
CACAROTLATSS ampleshROSYMC-34staticped. sbg

o

When the ARMD installation process is completed, the following screen (or similar) will
appear indicating that the installation of the Sentinel drivers of the memory key will be
installed next. Press OK to install the memory key drivers.

Installing drivers ﬁ

The Sentinel drivers will now be installed.
Depending an your securnty settings, wou might
zee a meszage azking if you want ta run the
Drriver Ingtaller, click "Run'.

After pressing the OK or Run button on the above message, a screen similar to the one
below will be displayed indicating the Sentinel drivers are being installed.

5-8
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InstallShield Wizard

Preparing to Install...

Sentinel Protection Installer 7.6.5 Setup iz preparing the
InstallShield Wizard, which will quide vou through the
program sebup process. Pleasze wait.

Checking Operating System Wersion

Cancel

During the Sentinel drivers installation a progress bar (shown below) will be displayed
indicating installation status.

-

Sentinel Protection Installer 7.6.5

Gathering required information. ..

| |

This will be followed by the installation of the Run-time environment installer as shown.

Sentinel Run-time Environment Installer

Please wait .

When completed, the below window will be displayed. Press OK to complete the
installation.

B ' Sentinel Run-time Environment Installer...ﬁ

Operation successfully completed.
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After the installation of the memory key drivers, if DirectX run time library was selected
for installation, the following window will be displayed.

Installing Microscft(R) DirectX(R)

Welcome to setup for DirectX

. -
MlchSOﬂ " The DirectX setup wizard guides you through installation of
I rectx Direct ¥, Rurtime Components. Please read the following
license agreement. Press the PAGE DOWN key to see the rest
of the agreement. You must accept the agreement to continue
the setup.
MICROSOFT SOFTWARE LICENSE TERMS -

MICROSOFT DIRECTX END USER RUNTIME

These license terms are an agreement between Microsoft
Corporation (or based on where you live, one of its

ffilistes) and you. Please read them. They apply to the
software named above, which includes the media on

which you received it, ¥ any. The terms also apply to any
Microsoft

" updates, =

() | don't accept the agreement

< Back [ Meat = ][ Cancel ]

Accept their agreement and press Next or Cancel to abort installation. This will be
followed with the below window to install DirectX. To begin installation, press Next.

Installing Microsoft(R) DirectX(R)

DirectX Setup . =
Ingtall DirectX runtime components AN
— .

DirectX Runtime Install:
This install package will search for updated DirectX Rurtime Compaonents
and update as necessary. | may take a few minutes.

To start installation, please click Next.

| <Back | Hed> | | Cancel |

During the DirectX installation a progress bar (shown below) will be displayed indicating
installation status.

5-10
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[ Installing Microscft(R) DirectX(R)
Progress -

Please wait while Setup completes the following actions. AL
— .

¢ Installing Components

Searching for updated Direct Runtime Components and updating as
necessary. This may take a few minutes. .

Copying files...

d3de10_33.dll

< Back Med = Cancel

When completed, the below window will be displayed. Press Finish to complete the
installation.

Installing Microsoft(R) DirectX(R)

Installation Complete
Microsoft®

DirectX

The components installed are now ready for use.

< Back Cancel
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When the ARMD installation process is completed, the following screen will appear.
Press the Finish button to exit the install program.

r
b ARMD for Windows V5.8 Installation [

A IDRVIER:Y Installation Completed!

tatin
The ARMD far Windows W5.8 has been successfully inztalled,

IF you have purchased a software license ke [includes
network concurrent access licenses). please see the file
Softwarelicenzek.evlnstallation. pdf on the installation CO or on
the Wwindows Start - ARMD 5.8 menu for further instructions.

ag J0j0y

Prezs the Finizh button bo exit this installation.

Lancel |

< Back

After successful installation the below message (or similar) will be displayed.

m@g

/& Rotor Bearing Technolagy and Software - Windows Internet Explorer
o

()~ [&] cProgram Files (86)\ARMDWSS\ARMDND HTM ~ 0 [ X | Googte seumch

% Contribute [FEdit ~ [£f PosttoBlog
x | [search | ¥/Norton~ | # [ saewen~ [ store~ ([ Sewpvaut - [ Logh Assitant~ | X @5 +

¢ Favorites |@RotorBearingTechnoIogyandSoftware |7‘ fa - v [ b v Pagev Safety~ Tools+ @~ v

-

RBTS - Advanced Rotating Machinery Dynamics

Technical support for registered users of ARMD S ARMD for Windows 53 == |
software can be reached through the following: . R .
g g Advanced Rotating Machinery Dynamics

‘Website: www.rbts.com Dynamic Analysis Fluid Film Bearings Viewer Utilities

() Journai ‘ [ ] Text
E-mail: support@rbts.com =) Rotor Dynamics - o

5% Conical l {5 Prots
Phone: 510-415-0412(voice) ol | p—

3‘3‘3 Thrust | (. Bearing
Fax: 610-415-0413 ey > >

7 niting Paa l D Shaft
ARMD manuals in electronic form, such as the ARMD ~s =R
User's Manual, require your computer to have .pdf file T —
viewing capability such as that provided by Adobe Lubricant Properties Rolling Element Bearings |° UL
Acrobat Reader. [ S ] ‘223’5 ‘ l@“mc

Click & button to run a module. Right-click & button for module help. Copyright © 1986, 2013 RETS Inc.

Copyright 2012 e RBTS, Inc. e 1041 West Bridge St, Phoenixville PA, 19460, USA e Phone: 610.415.0412 e Fax: 6510.415.0413

“ I ] G

& Computer | Protected Mode: Off & v ®0% -
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5.4 System Set-Up And Configuration

541 License Key (Dongle)

ARMD solvers require an active license for operation. Licensing is accomplished by
either a physical USB hardware license key also known as “dongle” or a software
license key.

For purchased packages with hardware license key, just plug the key into an available
USB port on your computer, no further installation is required since the key is
preconfigured for operation prior to shipment.

For purchased packages with software license key, there are two different types. The
first is a network concurrent access license key (for single or multiple users on a
network), while the other is a standalone software license key. For either option of the
software license key, please read the “Software License Key Installation Instructions”
supplied separately in a printed form or available in a PDF file
“SoftwareLicenseKeylinstallation.pdf” in the downloaded or physically supplied ARMD
CD. An easy-to-use link is provided to this file during ARMD installation, located in the
ARMD 5.8 folder in the Windows Start > All Programs menu.

5.5 Read-me.txt and Relnoteb5.txt

For additional information on ARMD, check the read me (READ-ME.TXT) and release
notes (RELNOTES8.TXT) files, which will be installed in the main ARMD58
directory/folder if supplied. Information may be also found on RBTS’ website at
www.rbts.com

5.6 Uninstall

The ARMD software can be automatically uninstalled.

To uninstall ARMD, from the Start Menu, select the Control Panel menu item. Double
click the icon labeled Add/Remove Programs or Programs and Features (depending
on your operating system), highlight the item ARMD V5.8 and press the Add/Remove
button or select Uninstall/Change.

*kkkk Per”egeS *kkkk
Remember, “administrative” privileges are required to uninstall ARMD software.
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6.0 OPERATION

6.1 General Operation

When the ARMD package is installed, the installation, by default, will install the user
interface programs, solvers, help files, manuals, DLL’s and system files in the Program
Files folder under the folder name “ARMDW58”. All other files including Templates,
Samples, Lubricant & Material Properties, User files, etc. will be installed in the shared
or public (depending on your operating system) documents folders under the folder
name “ARMDS58”.

As an example, for Windows XP operating systems the user interface programs,
solvers, help files, manuals, DLL’s and system files will be installed in the default folder
“C:\Program Files\ARMDWS58”, and all other files including Templates, Samples,
Lubricant & Material Properties, User files, etc. will be installed in the shared documents
folder “C:\Documents and Settings\All Users\Documents\ARMD58”. For Windows 7
operating system, user interface programs, solvers, help files, manuals, DLL’s and
system files will be installed in the default folder “C:\Program FilesS\ARMDW58”, while all
other files will be installed in the shared documents folder
“C:\Users\Public\Documents\ARMD58”.

After installation/setup as described in Section 5, you can run the ARMD software from
the Windows Start menu. The first screen of ARMD will be displayed as shown below.

'@ ARMD for Windows 5.8 = | E e
Advanced Rotating Machinery Dynamics
Dynamic Analysis Fluid Film Bearings Wiewer Utilities
=3
C@ZI Journal Text
@) Rotor Dynamics :
Q@ Plots
%;3% Thrust T..-_,- Bearing
@D Torsional Vibration —
g} Tilting Pad 3D Shaft
Tools
_ _ _ , g Wear-ring
Lubricant Properties Rolling Element Bearings
AL . o%g )
~ Viscosity ‘ $_2 COBRA ‘ (7.0 Aerocc
Click a button to run a module. Right-click a button for module help. Copyright © 1986, 2013 RETS Inc.
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At this point, you are at the top level/menu of the software package. From this main
menu, you can activate any of the preprocessor modules for bearings, bearing systems,
rotor dynamics, torsional vibration, or lubricant properties calculation.

Once a preprocessor module has been selected, from the main ARMD menu, the
program will activate the selected preprocessor. Details for each of the preprocessors
and their operation is described in the corresponding section of this manual or can be
accessed from the preprocessor help menu.

The ARMD package is fully user-friendly with context-sensitive help. Function keys
commonly used include the following (multiple key combinations are in the form
[keyl+key?2]):

[Tab] Moving to next field.

[Shift+Tab] Moving to previous field.

[Home], [End],

[Page Up],

[Page Down], and

Arrow Keys For moving around the screen and
data fields.

[F1] On-line help.

[F2] Display list of choices for field
(if available).

[F7] Execute post processing programs in the
bearing routines.

[Ctrl+P] Print text or graphics screen to
printer.

OK button Save edits and close form.

[Esc]/Cancel button Cancel/abort.

ARMD’s built in capabilities permits the usage of the right mouse button that
incorporates all function key operations and more. This capability eliminate the need of
using the above function keys and give the user built-in edit capabilities by simply
pressing a button.
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Briefly, a typical session with ARMD may be as follows;
1- Select a module from ARMD main menu “front end” (for example, TORSION).

2-  Place a problem in memory. To use an existing file,
use the File>Open command and select an existing one.
To create a new file, use the File>New command.

3- Edit the contents of the input file. If you need help at any time, press the F1 key
(Help button) to display context-sensitive help or go to the help menu.

4-  Save the file under a filename.
Variations of an input file can be stored using the
File>Save As command.

5-  If you want to examine the input file, you can look at
it on the screen with the View>Input File command or
print it using the File>Print command.

6- Once the input file is setup with parameters and saved,
execute the appropriate processor/solver from the Run menu.

7-  After the processor executes, examine the text and
graphic output files generated by the processor using
the Text Output (RBTSTYPE) and Graphics output
(ARMDGraph or RBTSGRAF) utilities from the View menu.

8-  When you are finished with this preprocessor, run the
command File>Exit to return to the top-level of ARMD
menu.

9-  From the ARMD main menu “front end”, close the window to quit ARMD.
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6.2 Typical Session

The following procedure describes a typical session using ARMD.

A. Select the desired module from the
main menu.

For example, ROTLAT for performing rotor
dynamic analyses.

ll «& ROTLAT (o file) o =] 3
i File Edit Swystem Options Run Wiew Project Window Help
ten. L [ el W [
Select Input File to Open 2=l
Save
Save os. .. Look i I 3 Samples j & EF Ed-
;Dnvetrt' b 240-ROTOR-SYSTEM.roi PUMPZ,ROT ROSTAB-3.ROT
i RORESP-1.R0L ROSTAB-4.ROI
Prit: MOTOR.ROIL RORESP-2.ROL ROSTAB-5.ROI
Printer Seti |[®]MOTORZ ROI RORESP-3.ROI ROSYNC-1.ROT
PINION.ROT ROSTAB-1.ROI ROSYNC-2.ROI
| SR PUMP ROT ROSTAB-2.ROT ROSYHC-3.RO1
2 GH\ARMD
3GHARMD | (| | S
4 GH\ARMD I

i File name: ICDMPHES.HDI Open I
Exit

Files of type:  [ROTLAT f*.o0i =l Cancel |

Help |

|Open an exjsting input file |N0 project open UM

y

C. Edit content of input file.

System model data can be edited from the
module main menu under SYSTEM. If you
need help at any time, press the F1 key to

display context-sensitive help.

£ ARMD for Windows 5.8 ESEER)
Advanced Rotating Machinery Dynamics
Dynamic Analysis Fluid Film Bearings Viewer Utilities
-
’@@D Journal l ’ Text l
@b Rotor Dynamics
\‘5’/ Conical l ’@ Plots l
\w
’%D% Thrust l ’Q: Bearing l
@D Torsional Vibration =
\%aﬁ Tilting Pad l \ 3D Shaft l
Tools
Lubricant Properties Rolling Element Bearings
X )
l /. Viscosity ] ¢ % COBRA l Igg AeroCC l
NS (=}
Click a butten to run @ module. Right-click a button for medule help. Copyright © 1986, 2013 RBTS Inc.

B. Place an input file in memory.

To use an existing file, use the File>Open
command and select an existing one. To create
a new file, use the File>New command. With a
new file, the program will prompt for the system
of units (SI/Metric or US/English) to be used.

o ROTLAT (G:}ARMDWIN32 ROTLAT"  Samples',COMPRES.ROT =lo=|
File Edt System Options Run View Project Window Help
DiZiml 2 Al sliEle] X4 L=5 ol
£E Element Information for Branch 1 =10l x|
TP MT|R| Lencth | o D2 |ﬂ
1] 1 7.50000E-001  9.95000E-001  0.00000E+000 5.95000E-001  0.00000E+000
1 2.23000E+000 | 1 S0000E+000 0.00000E+000  1.50000E+000  0.00000E+000
1 5.00000E-001 2 7S000E+000 | 0.00000E+000 | 2.75000E+000 | 0.00000E+000
1 7.20000E-001 1 7S0O00E+000 | 0.00000E+000 1 .75000E+000 | 0.00000E+000
1 7.20000E-001 1 7S000E+000 0.00000E+000 1.75000E+000  0.00000E+000
1 5.00000E-001 2 7S000E+000 0.00000E+000 2.75000E+000  0.00000E+000
1 4 7SO000E+000 . 2 60000E+000  0.00000E+000 | 2 60000E+000 | 0.00000E+000
1
1
1
1
1

4.13600E+000 | 2 BO0O0E+000 | 0.00000E+000 | 2 BO00O0E+Q00 | 0.00000E+000
4.13600E+000 | 2 BO0O0E+000 | 0.00000E+000 | 2 BO00O0E+Q00 | 0.00000E+000
2.73000E+000 | 2 BO0OOE+000 | 0.00000E+000 | 2 BO00O0E+Q00 | 0.00000E+000
5.00000E-001 | 3.00000E+000 0.00000E+000  3.00000E+000 | 0.00000E+000
1.57500E+000 | 2 B25S00E+000 | 0.00000E+000 | 2 63500E+000 | 0.00000E+000 LI

1
2
3 |
s |
5 |
5 |
7
5 |
9 |
10|
11 |

12

|Element type -2to+2

|Latera| Vibration Analysis Mo project open
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o ROTLAT {G: ARMDWINS6G1,ROTLAT  SamplesiCOM =181 x|
. . File Edit Swstem jons FRun  Miew Project  Window Hel
OPTIONS in the main menu allows the user o — EILILDIEIEI =y
to define various output control options such IR
as number of modes to be plotted, ]

Time Transient Simulation  #

gravitational loading, continuation run
information, etc.

Muriber of mode shapes to plat [ROSTAB anly): | o

Gravitational body force factors

# direction: | 0.00000E +000
*f direction; | -1.00000E+000

QK I Cancel | Help

|Edit output control information |N0 project open UM

e ROTLAT (G:\ARMDWINS6G14ROTLAT  Samples\COMPRES (]

@To File Edit System  Options Run  Yiew Project W\ndo::. Help ;Iil_l D VIeW graph|Cal mOdeI to Verlfy geometry
DI2|m| B ] L|BIE|o| x| 2|12z @l

For graphical representation of rotor/bearing
model, you can view the model on the screen
with the View>System Model command or
pressing the model icon on the tool bar. The
graphical model can also be printed after
viewing by pressing printer icon or form the File
menu.

|Latara| Vibration Analysis |No project apen MUM

o ROTLAT (G:",ARMDWINS6G1\ROTLAT Samples ,COMPRE B [m] 4]

File Edit System Options Run Yiew Project Window Help

D@ &) A 4B x| ]=]F] SOl

E. View saved input file.

. . . . . & G:\ARMDWINS6G1\ROTLAT SamplesCOMPRES.ROT ;Igl_l =]
To view the input data file, which contains all ™ o vs.ec1 I -l
rotor/bearing geometry and operating ;;::;gngnggzﬁgaggzgz Roter Systen Mo
Condltlons use the VIeW>|npUt f|le Two fluid f£ilm Tilting Pad Bearings at stations 5 and 10, —
, 20 19 z z 1 3 &
command. The input data file can also be ° oz 2 12 3 0000000084000 D
printed after VieWing by pl"eSSing pl"intel’ icon 2.9000e+007 1.150084007 2.8300e-001 0.0000e+000  0.0000=+01
. . 1 1 2 1 10 7.50000e-001 9.98000e-001 0.00000e+000
on the tool bar. The File>Print or 2 2z 3 1 10 2.25000e+000 1.50000e+000 0.00000e+000
; 3 3 4 1 10 5.00000e-001 2.75000e+000 0.00000e+000
F|I_e>Rep_ort commarlds can also be used to 4 4 5 1 10 7.20000e-001 1.75000e+000 0.00000e-+000
print the input data file. 5 5 6 1 10 7.20000e-001 1.75000e+000 O.00000=+000
& 6 7 1 1 0 5.00000e—-001 2.75000e+000 0.00000e+000 —
7 7 8 1 10 4.75000e+000 2.60000e+000 0.00000e+000 _
‘|P [T —— irson-ionn A coong- 000 0 oonno ““I'“.—’ILl
|Latera| ‘Wibration Analysis |N0 project open l_ ’W
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F i EX ecu te t h e ap p ro p r | ate p rocessor :(- REIAT (G:"L,ARMDWINSTLAT"-.,SampIes"-.‘EDPRES.RI us) o] x|
Filz Edit System Options | Run Yiew Project  Window Help
fr om th e R un menu. QIEIEI @ ﬂl Static Deflection Calculations ;I;I QIQ

Stability Analysis
Unbalance Response

The RUN option will execute the selected e
solution module. For example, if the critical
speed map for the constructed rotor/bearing

system (COMPRES) is to be generated, Inial stfress: [0 00000E+000 :
then, the Run>Critical Speed Map option is o s [T — Cancel |

activated and the solver executes, creating Heb |
the results in both text and graphics format.

Mo project open

Run ROTORMAP solver ko generate critical speed map

ofis ROTLAT {G:\ ARMDWIN32',RDTLAT' Samples’ COMPRES.ROI US) =3 x| G V| ew resu It S | n t eXt fo rm at

File Edit System Options Run  Yiew Project  Window Help

Diz|m| S| &l &l=lBlo] X1+ 1Z1F] o]l

B G:\ARMDWIN32\ROTLAT \Samples\COMPRES.STO =lox| The VIEW Option of the main menu is Used to
Total = .29660E+02 .49167E+02 .94189E+02 .28500E+02 :I . . . .
examine the analysis results in either text or
Total Shaft Weight {LBS) ---------—-—-—- > 49.16708 gl"aphiCS form. When View>Text OUtpUt is
Total Disc Welghtf {LBS) 777:: 7777777 :::} 28. 50000 = e .
T S L P Ineene selected, RBTSTYPE utility is launched and
¢. 6. Looation from Station 1 (Inch) —--> 1946356 the file list is presented for file selection and

s Computed Boaring REACTIONS <c< viewing. RBTSTYPE utility allows the user to
bearing Siavion Force (ihs3 rerce v nesuame  ana | SCTOIl through the entire text output.
fmper. Mumber. XDirvection Yhireemon 2 ™ | RBTSTYPE can also send the contents of the

g b 2 cwmmemn nemen amwent o Aile to the printer with the key command
|Lat5ra\ Wibration Analysis Mo praject open ,_ ,_‘ [Ctrl + P] s
H VIeW reSU|tS in graphiCS format o> RETSGRAF {G:} ARMDWIN32',ROTLAT",Samples’ COMPRES.C I =] 9]
! ’ File Edit Wiew Project ‘Window Help
. . : 25| 2] Al iBEol=] Sl
When View>Graphics Output is selected, the 2 x|
ARMDGraph or the RBTSGRAF utility is Lock i [ 3 Sermples =l « & cf B
launched for graphics file loading and .
viewing. Graphics and text output files =l pon.cus

PUMP.CMG

generated with various processors have
different file name extensions (i.e. .STG,
.SYG,.CMG, SMO, etc.). For extension

name definitions please view the processors Flerane;  [FOMPRES CVG [ oo |
help windows. These help windows are Flesclupe. [RUTORNAP (‘cra S
accessed from each of the modules HELP Lt |
option in the main menu It packsge i oot e r

The FILE>OPEN option from the menu will list all graphics files in the current module. Once a
file is selected (i.e. COMPCSMP.CMG) the file is loaded to memory for viewing.
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Pre-configured graphics file settings for the
purposes of illustration have been provided.
To access these settings, for RBTSGRAF
utility (shown here) select the RESTORE
option and a window with file names having
the extension .USR will be displayed. Select
the file with the same (i.e. COMPCSMP.USR)
or similar name as the graphics output file
being viewed. Once the file is selected
activate the OK button or [F10] function key
and the critical speed map of the compressor
will be displayed.

Users are encouraged to exercise the various
options of RBTSGRAF or ARMDGraph
utilities by selecting a plot (1 to 4) and
activating its various settings, scales, legend,
heading, etc.

o iarmcwin'ratlzticompres CMG
C?héPERESSOR CRITICAL SPEED MAP. NATURAL FREGUENCY %S, BEARING STIFFNESS
H
T

Achoded 1
Hoded 2
—chioded 3
—+hocke # 4

i

1E43

Frequency (CPM)

I

I

I

|
1E+4 1E+5 1EH
Bri-Stiffness (bin)

1E+7

|. Exit module return to ARMD front end.

W RETSGRAF (G ARMDWIN32ROTLAT Samples',COMPRES:C

=10l

File Edit View Project ‘Window Help
=|m| £ & B8 olF Sl
Pt | M [une ]

N

Plat 3 | r ILINE v[

Fliot 4 | I ILINE v[

|Plotting package |N0 project open

The graphics output file can be viewed by
View>Graph>By Option or View>Graph>By
Template commands. If View>Graph>By
Option is selected, the graph setting window
will be displayed. At this stage the user can
select 1 to 4 graphs per screen and for each
graph as many as 15 curves. From the
graph options window, user configured graph
settings can be saved to or restored from the
disk.

J. Close window of front end to exit
ARMD.
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6.3 On Line Tutorial and Sample Session

The ARMD modules such as ROTLAT, TORSION, JURNBR, etc. are supplied with on line help.
When the package is installed for the first time, the tutorial session for the modules is turned on
by default. Thus, when a module is selected from ARMD main menu, the tutorial session is
activated automatically. Once the module is closed, the user is prompted to automatically
activate the tutorial session, or not, when the module is selected again.

As an example, if the ROTLAT module for rotor dynamic is selected from the ARMD main menu,

the ROTLAT module is activated and the tutorial session is launched automatically as shown
below.

i 5 ROTLAT -0l x|

| File Edit Bookmark Options Help

! Eontentsl ndex I Back | Print I ﬁlossar_l,ll £ | B I ARMD I RETS | Tutorial I
Tutorial
The following procedure contains the basic six steps to use ROTLAT. Online help can be accessed any I
time by either pressing the F1 key ar clicking the Help button (if available).
ROTLAT Rotor Dynamic [ Lateral Vibration Analysis
1. Create NEW
- .ROI file 2. EnteriModify || 3. EnteriModify
T or OPEN an Rotor-Bearing Options
existing file System Data ‘l’
4. Verify model
Graphically
or in Text format
- 2 s ¥
5. Run Analysis
@ 2 6. View results ;g:gthlitl:“l;eﬂemun & Load
Graphically >Unbalance Respons e
.‘;:(T:irirtlp Tlrgns ietriltMRespu nse
i ritical Speed Ma
orin Textformat > Stab ity Map p
[Click on the partion of the chart for which you want mare information) |

The tutorial session is designed to quickly familiarize the user with the basic steps for the
operation of the selected module. Clicking the mouse key in various areas of the session flow
chart will give more information for the selected area.

The ARMD modules tutorial sessions can also be activated from the selected module Help
menu. Additionally, Contents from the help menu (shown below for ROTLAT module), presents
detailed information about the module and also includes a detailed step by step sample session
for the creation of models, analysis and viewing the results.
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- 1ol x|
File Edt Bookmark ©Options Help = sample Session For ROTLAT _||:||5|
Conterts| Indes | Back | Print |Glssaw| < | o [ AF Fle Edit Bookmark Options Help

LContents|  [ndex Back Erint
@ ROTLAT - Rotor Dynamic Analysis | | | |

& Sample Session For ROTLAT
General INTRODUCTION ﬂ
INTRODUCTION HOWY TO

YWhen the ROTLAT software is launched for the first time, TUTORIAL is activated to familiarize
TUTORIAL the user with ROTLAT. When exiting this session the ROTLAT software top level menu (shown

SAMPLE SESSION below) is displayed.

MODELING CONCEPTS SAMPLE PROBLEM

|Click below for more information]
4 BOTLAT [d:-\armdwin\rotlat\motor.roi US)

File Edit Swstem Options Hun Miew Poject ‘Wwindow Help

The ﬂ <& ROTLAT

o [m]
Once C File Edit Bookmark Options Help
0 Qontentsl Index | Back | Erint |Q\ossaw| < I 3 I ARMD I BETS I T utarial I
] =
| Flo_Ede_pookmark._Options_ el Introduction to ROTLAT |l
Contents| 1zwdex [ Bocc [ Pint [Gossay[ « [ o [ aRD [ RETS [ Tuorial | ROTLAT - Rotor Dynamic Analysis =F
Tutorial
The following procedure containg the basic six steps to use ROTLAT. Online help can be accessed any Solution Modules Output Modules
time by either pressing the F1 key or clicking the Help button (if available).
|
e AR
ROTLAT— Rotor Dynamic  Lateral Vibration Analysis ROSTAB
Stabilty, damped ROTOR DYNAMC Ggﬂ?gbﬁs
&nd undam pedd natural
1. Create NEW : frequency, and mode Preprocessor Graphical presertation
ROl file 2. Enter/Modify 3. EnteriMedify shape caloulations Data Editor, of the analysis resuts
or OPEN an Rotor-Bearing Options Data File Manager and
existing file System Data ROSYNC nter Module Messenge TEXT-OUTPUT
o Unbalance/Synchronous | [li——= Analysis results
4. Verify model response calculations in & report format
orin Text format " ROR‘:&SP Bearing SYSTEM-MODEL
1 Cr I Solution Graphical presertation
Ea time transisnt
response calculations Modules oftorsional model
5. Run Anal sis&L a
i ic Deflection & Loa:
6. View results »Stability ROTORMAP
Graphically ;?lnhalTance ReﬁpRnnse Stability and
orin Textformat >C|rrirt|ﬁ:alrgnselsgm:$pnnse critical speed POST HYB POST TILPOST COBRA
»Stability Map maps caloulations Processar for fixed Processor for Processor for Rolling
N N geometry cdinccal conical geometry titting pact element
[Click on the partion of the chart for which you want mare information] ik javmal Auic-fim o] Suickfim joumal besting
beating analysis bearing analysis heating analysis analysis
ol x|
File Edit Bookmark Options Help ;lﬂlﬁl ﬂ
Enntentsl Index | Back I Print | Elﬂssaryl i I ¥ I ARMD | RBTs File Edt Bookmark Options Help
A Contents|  |ndex Back Print | Glossan 1< >3 ARMD | BBTS | Tutorial
Modeling Concepts Goniorts| s | Book | it Gomay] c [ o | o [ gt | rued |
- - - - Modeling Concepts
Five Staye Boiler Feed Pump Schematic Representation
Discharge Nozzle Radial forces Acting on Pump Rotor

Hydraulic Forces arising
from Impeller

I
Hydraulic Forces arising
Centrifugal Force Due from Balance Drum
to Unbalance
Impelier : .
Joumal

T Hydraulic Forces arising
Bearing ; h from Wear Rings
Rotor Mass
Woight

Coupling-End

Journal
Bearing

Oil F ilm Force of Bearings,
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6.4 SELECTED SCREENS

Supplied with the ARMD software package are various sample rotor dynamics, torsional
vibration, bearings, and lubricants input and output files. For purposes of exercising ARMD and
for viewing the various data forms and graphic plots presented on the following pages, each of
the screens shown has the required steps/commands for viewing as illustrated below.

DATA FORMS

File Edit System Options Run View Project Window Help

| || o] X131 41Z1T] il

=10l x|

Saye Ctri+s

21
f“""‘”’;‘"“' Look in: | (- Samples R I W i
Lepor
7 . |®l240-RoTOR-SYSTEM.r01 ] PUMP2.ROT [B]ROSTAB-3,ROI
it il | b] RORESP-1 ROT 1B] ROSTAB-4.ROI
s b B]MOTOR, ROI ] RORESP-2,ROT B ROSTAB-5.ROT
1 B MOTORZ.ROI b] RORESP-3,ROI B] ROSYNC-1,ROI
2 i) PINION, ROT ] ROSTAB-1.ROT ib] ROSYNC-2,ROI
3 D] PUMP, RO D] ROSTAB-2.ROI D] ROSYNC-3,ROI
4
4 | )
File name: ~ [COMPRES.ROI Open

Files of type:  [ROTLAT (*rai)

_:I Cancel

(Open an existing input file No project open L [Num
File>Open>Samples>COMPRES.ROI

Description: From the File menu, select the item labeled Open then select the input file
COMPRES.ROI from the samples folder.
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£2E Element Information for Branch 1 I | |
_I TP |I'-.-1T| R| Length ol ICr oDz Iz -]
|1 10 415600E+000 2BO0000E+000 0.00000E+000  2.60000E+000  0.00000E+000
1 4 15600E+000 260000 Cuk Chrl+
11 275000E+000  2.60000 Copy Chrl+C
111 10 500000E-001  3.00000E+000 Pasiz CEES loooooE+000
1211 10 1.57500E+000 2 BESO0E+000 Clear 0O000E+000
131 10 200000E+000 2 GESO0E+000 e e F3 DO0D0E-+000
1411 1.0 4.37000E-001  3.00000E+000 Append row Chr4F3  |D0000E+000
1511 1.0 1.00000E+000  2.00000E+000 Delete row F4 DO000E+000
16 | 1 1 0 4.00000E-001 7 .50000E+000 Duplicate row Fa DO000E-+000
17 |4 10 so0000E0D1  7sooooesdon ot (U nnnoog+onn
18 |.2 10 1.00000E+000 3 .50000E+000 _ummany. OODDDE+000
— Change material. .,
19] 2 10 G9G000E-001 2 7S000E+000 = — 00000E+000 —
4| | 3
[Elernent type |-2 to +2

File>Open>Samples>COMPRES.ROI
System>Elements (Right mouse button for options)

Description: From the File menu, select Open, then select the COMPRES.ROI from the
Samples folder. From the System menu, select Elements to display the element
information data form. The right mouse button can be used to access options and
to edit the form.

GARARMDWINSEGTAROTLAT S ample\COMPRES . ROI

Uranium Enrichmante Centrifugal Compressor Rotor System Model.
Operating Speed Range 6000 to 12000 Rpm.

Two fluid film Tilting Pad Bearings at stations 5 and 10.

4
{414 ? ‘ 0 ‘_2 ‘
!j::'_fi 9 1 13
= =

| Axial length = 2.96600E+001 in
File>Open>Samples>COMPRES.ROI
View>System>Model (Right mouse button for options)

Description: From the File menu, select Open then select the COMPRES.ROI from the
Samples folder. From the View menu, select System Model to graphically view
the model. With the right mouse button, various options can be accessed to
display node numbers, mode shapes, etc.
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GRAPHICS PLOTS

Graphic plots are displayed with the ARMD graphics utility RBTSGRAF which is activated
automatically from the view menus of any of the ARMD modules (ROTLAT, JURNBR, etc.).

When the Graphics Output item of the View menu is selected, various analyses results
(previously performed for the currently loaded input file) are accessed from a list box. Once an
item is selected from the list box, the graphics utility is launched and the graphics file is loaded
to memory for displaying the results graphically with the use of existing templates or user
specified options.

e Graph 1 + N m] 1

GMARMDWINGGGT\ROTLAT SamplestMOTOR.SYG

MOTOR SYNCHRONOUS UNBALANCE RESPONSE ANALYSIS RESULTS IN GRAPHICS FORM.

16
- - ——  Ampl.-N# 002
Right Mouse Click for Options j— — SuplAliay
141 Copy (—%—  Ampl.-H # 002
) : pk|l——  Ampl-N # 013
. Edit options... Ph[——  Ampl-H D16
g 191 Save opkions... .
: Resktare oplions. ..
= Export chart ko image File. ..
= 1.07 )
o Toggle surmary window
o r -
o
o 08t
Z I
= 061
=
= L
Z 04y
02t
0.0

Rotor Speed (RPM) (x 1043)

File>Open>Samples>MOTOR.ROI
View>Graphics Output>Unbalance Response>Amplitude
Restore>ROTLAT>Samples> MOT-UNBAL-RSP1.USR>0K

Description: From the File menu, select the Open, then select the input file MOTOR.ROI from
the Samples folder.

From the View menu, select the Graphics Output to graphically view the
Unbalance Response analysis results of the MOTOR.ROI system.

The graphics utility will launch and load the analysis results file. Then, the utility

will display the Graphics Options window. From the options window, press the
6-12
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Restore button to display Select Options Files To Restore window which will list all
user generated graphics settings files (files with the extension .USR). From the file
list, select the ROTLAT folder and the MOT-RSP1.USR file.

Once the settings file has been selected, press the OK button to display the above
graphics screen.
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6.4.1 Rotor Dynamics (ROTLAT) Module

o ROTLAT (no file) o (=]

File Edit Swstem Options Run  Wiew Projeck ‘Window Help
Hew., .. Cerl+M lement Information for Branch 1 10 x|
MT| Lencth | o IC QD2 | 02

I~}
111

i
1]

Save Select Input File to Open
3.50000E+000 5.50000E+000  O.00000E+000 5 .50000E+000

1
Save As, )
ooy, Lookin | Samples |« EE 10 NE+000 DOE-+000 OE+000
Fepott 240-ROTOR-5YSTEM, rai PLMPZ ROL = 1 DO0E+000 0.00000E+000 ODOE+000
Print COMF‘RES ROI RORESPE-1.ROT | i 110 Cuk Chrl+i 0.00000E+000 7 25000E+000 0.00000E+000
E—— RORESP-2.ROT 5| 1|20 Copy Chrl+C 0.00000E+000 1 12110E+001  0.00000E+000
—— = |®moToRz.ROI RORESP-3.RO1 6|1 20 Faste LS Y ot Selection Summary D
1 GilARM ROSTAB-1.ROI "7 o Gl 0
ggﬁi: PUMP ROI ROSTAB-2.ROT E T2 = 7
: 9|4 20  Appendrow Chl+FE  ooc 0
4Giary |4 | 3]
I wl1 10 Delete row F4 oo 0
Exit Fiename:  [MOTOR.ROI 1| 4| 1o BupliatEraw s ES 0.0 0
] St ChrlHFS
’ - 1211 10 0.0c 0
Files of type:  |ROTLAT [*roi) = |— Su|
I J 1301 10 - " 0. 0
— Change material...
14| 1 1 0 —~ooooocroor—ooooooevooo— 0.00000E+000 . 6 .S0000E+000 D-UUUUUE"DDD_ILI
4 »
|Open an existing input file o project open _I_I
. [Element tvpe [-2to+2
File>Open - -
File>Open>Samples>MOTOR.ROI (right mouse button for pop up menu)
o System Model N [m]
GAARMDWINEEGTYROTLATSamples\WMOTOR, RO
5000 Horse Power Electric Motor Analysis. Mode 1 of 8
Normal Operating Speed = 1800 (RPM). Two Fluid-Film Journal Bearing. 1.8291E+003 CPM
Bearing data is generated wih the bearing module JURNBR. 01180 F
5000 HP

Electric Motor
Rotor Dynamic

Analysis
e | Axial length = 1.11750E+002 in -
KN |
File>Open>Samples>MOTOR.ROI>View>System Model (right mouse button for mode shapes & options)
_1ol x|
Jstaﬂon| DOF | Type | Auta | MD File | Elewstion |
ﬂ 2 2 [m} Manual 0.000000FL000. . - - —
2| #| 2 on - oo Bearings Applied Load and/or Dynamic Coefficients
Cut Chri+g are Manually Specified or Internally Computed
Copy Chrl+C I
ET:: il Bearing Load Information B [m]
Insert row  F3 Bearing 1 Bearing 2
Append row  ChrH-F3
Delete row 4 Speed 1 0.0000E+000 0.0000E+000
Duplicate row F5 Speed 2 0.0000E+000 0.0000E-+000
Eesaring Type 4+ 0 User-specified {manually edit) Speed ] 0LO000E-+000 0.0000E-+000
Properties 3 1 Journal i bl L N N
Coefficients 3 2 Conical, fized geometry (HYBCBR)
T/ zTikingpadiTLTERY
[Bearing kype 4 Rolling element (COERA)

|E2aring Node=2, Speed= 5.0000E+002 RPM b

File>Open>Samples>MOTOR.ROI>System>Bearings
(right mouse button for bearing types and options) File>Open>Samples>MOTOR.ROI>System>Bearing Loads
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o Graph 1

GHARMDWINGGG1'ROTLAT SamplestMOTOR.CMG

5000 HP MOTOR CRITICAL SPEED MAP, NATURAL FREQUENCY WS. BEARING STIFFNESS.

1ol _

OR.CMG
ATURAL FREQUENCY VS. BEARING STIFFNESS.

=10l x|

10

Motor Critical Speed Map

Frequency (CPM) (x 10°4)

0.01 :

—a—  Mode# 1
——  Mhode#2 —r— 2 d |
=t hbde ¥ 3 [~ Mode# 2
—t— e 4 D —— Mpded
Tl —— Mbded4
D |—m— Brg# 2
- L B ¥ 2 KYY
———  1.30000E403 RFM Line

With bearing stiffness &
operating speed superimposed

1 1 10
oo ol 1 1o Brg-Stiffness (Ibfin) (x 10°6)
Erg-Stiffness {Ibfin) {x 1046)
File>Open>Samples>MOTOR.ROI
View>Graphics Output>Critical Speed Map, Restore>ROTLAT>Samples>MOT-CSMP.USR>0K
GARMDIINGSGIIROTLATISam ples WIOTORSTG MODENUMBER S (=T
Motor Modes of Vibration at 1800 rpm.
ry Wax zo7s 000 Horse Power Electric Motor Analysis
) { e m: QW . ‘+ w3y 0.034 Motor Shaft Deflection Due to Gravitational Loading.
1 «
< » » . H th— A B B B B
b e 5 T = : _ i e
€ e il ol = ] poar Motor Static Deflection o :
. [ L 1 :
2 b1 & Bearing Reactions
00 01 02 03 04 05 06 07 08 09 1.0 11 12 00 01 02 03 04 05 06 07 08 09 10 0.0z e e
SHAFT LENGTH (Inch) (x 102) SHAFT LENGTH (Inch) (x 10°2)
10 RIEE TITTI IITIOS POSTP RO SRR IPRO SOOI
- & :\_
Motor Stability & Mode Shapes | vosenmsers % oo
=
T —A— WM2X 2.64547E+03" —a— WMaxX 6564 2 om
1 : [
. .02
o a | A
= S 4 | AT
o : DM“ﬂI\- . ﬁ*‘ 003
g B Ml
] 3 0.04
By
Y, 0.0
00 01 02 03 04 05 06 07 08 08 1o 11 12 00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10 11 12
SHAFT LENGTH (Inch) (x 10'2) SHAFT LENGTH (Inch) (x 10'2) SHAFT LEMNGTH (|ﬂ[:h) (X 101\2)
File>Open>Samples>MOTOR.ROI File>Open>Samples>MOTOR.ROI
View>Graphics Output>Mode Shapes View>Graphics Output>Deflection Calculations
Restore>ROTLAT>Samples>MOT-MOD1.USR>0K Restore>ROTLAT>Samples>MOT-DEFL.USR>0K
[CETE— JI[=[3] [ < oraph 1 =1oj ]
AR 56G1'ROTLATS ¥ 1 MOTOR.SYG MOTOR UNBAL AHCE RESPOHSE AT STATIOH 2 MOTOR UNBAL AHCE RESPOHSE AT STATION 7
MOTOR SYNCHRONOUS UNBALANCE RESPONSE ANALYSIS RESULTS IN GRAPHICS FORM. (OREIT AND TIME IOMAIN RESPONSE PLOTS ORBIT AND TIME DOMAIN RESPONSE PLOTS
0.4 - - -
16 & : : : =
—a— ampl-N# oo & 021 Sl Ceel 2 006
—m—  ampl-N# 007 - : : : hot
cak == gl I : . 5 om
_ Unbalance = Al H i H :
Taokl oo e A Foaped Tt E om g T
2 Response e
E 10 : .—[I4 03 02 01 00 01 02 03 04 -006 0.00 005
o Amp. Inch (x 103 Amp. Inoh (x 10°1)
AN A U ou- WY 4. % S
£ Unbalance Non-Synchronous
= 06 g q A
E Response with Gravity Loading
04 ST ARRRT H T il Y z
032 E K
; : g
oo+
o 1 2 3 4
Rotor Speed (RPM) (x 1073) 16 18 20 22 24 28 28 3D 16 18 20 23 24 26 23 30
TIME (Seconds) TIME (Seconds)
File>Open>Samples>MOTOR.ROI

View>Graphics Output>Unbalance Response>Amplitude
Restore>ROTLAT>Samples>MOT-RSP1.USR>0K

File>Open>Samples>MOTOR2.ROI
View>Graphics Output>Time Transient Response
Restore>ROTLAT>Samples>MOT-ORBT.USR>0K
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SIX STAGE BOILER FEED PUMP - Rotor Dynamic Analysis.

Operating Speed Range 4000 to 6000 Rpm.

Two fluid film bearings support. = NO WEAR-RING EFFECTS

Six Stage Boiler Feed Pump Rotor Model

[a ]
~u Axial length = 8.10000E+007 in

File>Open>Samples>PUMP.ROI,

Boiler Feed Pump STABILITY MAP

[

View>System Model

o Graph 1

=0/

MON-SYNCHRONOUS TIME TRANSIENT RESPONSE ANALYSIS OF A BOILER FEED PUMP
730 LBs SHOCK L~ "7~

Pump Response to Shock Load

010

00s

005}y

Armnp. Inch (x 104-1)

10t

0154

0,00 K Pn il

1: %Dir
1: V-Dir
10 ¥ Dir
10; V- Dirf

05

0.6 0.7 09

TIME {Seconds)

File>Open>Samples>PUMP2.ROI
View>Graphics Output>Time Transient Response

Restore>ROTLAT>Samples>PUMP2.USR>0OK

~—&—— Mode # 1
NATURAL FREQUENCY VS. SPEED .
—+—— Mode # 4
4
\ /(_/(‘

Graph 2

C?DUPLINGEND BEARING ORBIT BELOW INSTABILITY THRESHOLD SFEED

: Coupling-End Bearing Orbit
+| Below Instability Threshold Speed

®
<
o
—
%
s + -— —— ——
R + - 2 - - —d—-—=—=—F - - -4 -=—-—
o o
) rq:f‘:-k-w*—“”" e I
%) PR i Bl I i
g 2 ) B [ hl
=} o - . - . - T
g ({- £ \ I |
T EJE O Thowsandtie ° : "
< A;x\‘p Turh
11 = T
B Graph 2
o
sl Coupllng End Bearing Orblt At
0- s —| The Instability Threshold Speed
1 2 3 4 5 6 7
- - — = = — = — — 4 - = = —F - — =
Speed (RPM) (x 10"3) 2k - - - = l_ 1 __L___
no | | |

CRITICAL DAMPING RATIO or LOG DEC. VS. SPEED ‘e 2 Critical Damp. Ratio

0.7

4
0.6 \

I

le 1 Critical Damp. Ratio

wde 3 Critical Damp. Ratio
Mode 4 Critical Damp. Ratio[]

\

0.5

S

Amp Inch
TenEI'}wusandtlu

10 =5
Ten Thousandths
Amp. Inch

Coupling-End Bearing Orbit Above

‘Cr===mm 1Ne Instability Threshold Speed

C/Cc Damping

0.2

+ STA

0.1

TN
~

~+-

g e e

Y

-

0.0 —
Instability
UNSTABLE Threshold

1 2 3 4 5
Speed (RPM) (x 10"3)

File>Open>Samples>PUMP.ROI
View>Graphics Output>Stability Map

Restore>ROTLAT>Samples>PUMPSMAP USR>0K

CU fi i et e e i e

-1000
1000

Amp.Ineh

Amp. Inch
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5 WARMDWINSEE ROTLAT S ample s\COMPRES. ROI
Uranium Enrichmante Centrifugal Compressor Rotor System Model.
Operating Speed Range 6000 to 12000 Rpm.

Two fluid film Tilting Pad Bearings at stations 5 and 10.

Compressor Rotor Model with
Superimposed Mode Shape

= [a]

ial length = 2 S6600E+007 in

42 DWINSEGLIROTL ATISam ples\COMPRES. SYG
JMPRESSOR UNBAL ANCE RESPONSE AT BOTH BEARING LOCATIONS (STATIONS 5 & 10)

Mode 1 of 8 =
T.454BE+003 CPM ,"" =
0.0740R : 7 ...
£ [
£ = = V&N‘\ e S = T
: = =
R R L E arwra Iy T U S
s 109
- ==
g Y/
E .
g Slu g
g, | e i
= P Y S e O -
PRPTTTII S ey e i e

0s 06 07 08 09

Rotor Speed (RPI) (x 10%)

l
File>Open>Samples>COMPRES.ROI

View>System Model (right mouse button for mode shapes and options)

Total S3haft Weight

File>Open>Samples>COMPRES.ROI
View>Graphics Output>Unbalance Response>Amplitude
(User to select plot options)

ngill Transmitted dynamic loads to

{LES) .91671E+01 :
Total Dise TWeight (LBES) .85000E+01 bearings and supports due to
OVER ALL Rotor Weimht (LES) —————————-—- > LTEETLEH

Total Shaft Lengt Shaft static Deflection and bearing 96600EH
FORCE TRANSMITTED T . -
C. . Location f1 reactions can be considered with any 94636EH conditions are Computed.
gravitational or externally-applied
i BEARING MAJOR AXIS MINOR AXIS ANG.X-MAJ. PHASE-ANGLE
- STALTION (LES) (LES) {DEGREES) {DEGREES)
>»» Computed Bearing REACTICONS <<<
f}earmg ita“mn ;C‘;c_e (1bs) ic‘;c_e (1bs] Res‘l‘;“a: 5 1.448E+03  5.330E402 —7.039E401 2. 664401
wiber.  MNumber. XZ-Direction -birection t1bsl 10 3.501E403  2.190E+03 -7.054E+01 2.671E401
1 = -1.21065E+03 1.165139E4+03  1.63023) BEARING ¥-AMPL.  X-PHASE ANG  Y¥-AMPL. T-PHASE LNG
| 2 10 -2.28637E+03 -2.58485E+03  3.45095 STATION (LBS) (DEGREES) (LBS) {DEGREES)
] —
File>Open>Samples>COMPRES.ROI Variations in bearing elevations, 9.237E+02 1.484E+02 1.392E+03 1.282E+0D2
View>Text Output>Stability Analysis | which impact bearing loads, can be 2.372E+03 -3.382E+01  3.381E+03  -5.082E+01
T e B LT R ey specified at any bearing location. | o\ ropcr aT EacH BEARING, IN THE AEOVE ORDER {lba) :-
Uraniuwn Enrichmante Centrifugal Compressor Roto
Operating Speed Range 6000 to 12000 Rpm. . 1.6706E+03 4.1296E+03 | - hé
Two £luid film Tilting Pad Bearinhgs at stations v

LR RINIEYE imbalance loads or any other load 1l

Shaft Element FORCES,

ELEMENT FORCE-X

FORCE-T MOMENT-X MOMENT-Y FIBER-3TER. SHEALR-STR.

# HNode {Shear) {Shear) {IN-LE) [ IN-LE) Max. (ESI) Max. (KSI)
1 1 -1.000E+03 7.501E+00 Z2.191E-04 2.533E-04 3.432E-08 1.705E+00

ORI lojxj 7-S86E+00  1.70SE400

GAARMDWINSGG1V\ROTLAT S amplest\COMPRES.STG
COMPRESSOR DAMPED NATURAL FREQUENCIES AND MODE SHAPES OF VIBRATION

1'U| —a—  n1x 7.asa76E02
|[=#— MW 1-Y 0074 R
Multiple Modes Placed on Same Plot | : == Wvame |
o
z
3 0.0
iT}
o
04
-1.0

oo 10 20

SHAFT LENGTH (lnch) {x 101

30

MOMEMTS and 3TRES3ES

File>Open>Samples>COMPRES.ROI
View>Text Output>Unbalance Response

G\ARMDWINS6G1\ROTLAT\Sam ples\COMPRES.RSG
COMPRESSOR ROTOR RESPONSE TO RUB AND HUB LOOSNESS AT STEADY STATE

03

Amp@ 5; DI
Amp@ 5; Y-Dir

02
TIVE (Seconds)

COMPRESSOR ORBIT RESPONSE AT COUPL ING-END BEARING.

o

02

Amp. Inch (x 102)

00
Amp. Inch (x 10°2)

File>Open>Samples>COMPRES.ROI
View>Graphics Output>Mode Shapes
Restore>ROTLAT>Samples>COMPMODE.USR>0K

File>Open>Samples>COMPRES.ROI
View>Graphics Output>Time Transient Response
Restore>ROTLAT>Samples>COMPRESP.USR>0OK
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6.4.2 Journal Bearings (JURNBR) Module
Fluid-film bearing modules permits efficient modeling and analysis of practically any bearing

or bearing system. To enhance the prediction of bearing performance, the newly-developed
groove feeding system and chamfer flow options provide an accurate model of bearing heat balance.

GAARMDWINEEGTWJURNERS amples\Demao\Dema. inp

= - = - Sample Problem Number 1. (Hydrodynamic).
1~ JURNBR (G:',ARMDWI~2' JURNBR'\NEVLINP US) =10lxl| | Two groove journal bearing for a boiler feed pump application.
|Fie Edic Bearing Options Run View Project ‘Window Help Applied load=1000 Lbs; Speed=4200 RPM; LiD=0.5; Pad Angle=160 Deg.
M 3 s
=2 Mﬁlil ilililél .ﬂ glglﬂ Mumber of Pads: 2 JURNER Bearing Orientation System
Save Select Input File to Open 2lxl Pad Angle: k4
Save fs.. . 1.600000E+002 deg
Convert, Laak in: I {2 Demo j & =’ ' Orientation Angle: Pad #1
Repoart 1.000000E+001 deg
A g
Prinker Setup... . .
s Bearing Modeling and fset
1 - . . 4000 in
g Viewing is Made Easy with |
£ the Bearing Pre-Processor. :+main e -
4 Axial Length
1 B7EO00E-+000 in
Exit
Load Angle (W):
File name:  [Dema.inp Open I 2 700000002 deg
Diameter: ‘
Files of type: |JUF\NBF| [*.inp) j Cancel | 3 750000E+000 in pad#2 |
Hel Radial Clearance:
=P 2 500000E-003 in
d .
|Open an existing Input file INo project open UM \'j:tla‘?‘;fl\agzzliaBn;glr‘?;ZDem())DEMO INP
File>Open>Samples>Demo>DEMO.INP - - _ - %
GAARMDWINGEGTURNBRSamples\Samples-Hydmstatic-5| Hydrostatic, Hydrodynamic or Hybrid Lubricated -=¢f
Sample Problem Number 5. {(Hydro Bearings are a Unique Feature of ARMD Software. e

Multi-Recess; Multi-Pad Hydrostatic Bearing.
Recess Pressure only on bottom pad specified. Speed =0 RPM.

Pad 1 of2 CIRCUMFERENTIAL DIRECTION
(Pad Angle = 1.700000E+002 degrees)

Aucial length 1 35 180 o

3.750000E+000 in

Fixed grid
Journal

Recess # 1 Recess # 2 EqUIIIbrlum \,
Locus ~—]
270
AXIAL DIRECTION
(3.750000E+000) 16

File>Open>Samples>Sample5-Hydrostatic-Bearing>JURNBR-5.INP

View>Model>Pad Grid G'\APMDWIN5GGl\JURNBR\SampIes\Demo\Der L br. ntT m ratur As A Fun t n fS d
Results can be Graphically Plotted By 1g Applied Load = 1000 (Ibs) uprica emperatures As unction ot Spee

Template or User Defined Graph Settings 16

[—&—  Supply Temperature
e RETSGRAF (G:" ARMDWIN56G1 ' JURNER \Sample: —®—  Film Temperature

[—#—  Groove Temperature
File Edit | View Project “Window Help 15 —+—  Max. Temperature =

E?I.@ Irput File [l e el el ay\.Te“\p'

Mew Graph i 14 A
Surnrnars kel ot oot b3

S Temp-

Select a Graph Template

Eccentricity R atio vs Bearing Load
Power Loss vs Bearing Load

Minirurn Film Thickness vs Bearing Load
b awirum Pressure ve Bearing Load

Side LeakagedInlet Flow vz Bearing Load
Kws /Ky vz Bearing Load
/Doy s Bearing Load
iMinFlm ECL . - Side leakage Inlet f s
STIFFMESS & DAMPING Coefficients vs. BEARING LOAD
Min.Film,ECL.Angle.Side leakage.Inlet flow, & Power loss ws. ECC

4 |

emp- —

]
/
/ Cd
/ / GYOo\’e T /
/

! Help /// Supply Temp.

|‘u'iew graph found in kemplate file |N0 project open Speed (RPM) (x 10"3)

File>Open>Samples>Demo>DEMO.INP
View>Graphics Output>Bearing Analysis>2D

File>Open>Samples>Demo>DEMO.INP, _ View>Graphics Output>Post Processor
Restore>open JURNBR>Samples>Demo>DEMO-PSG.USR>0K
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= POST (G}, ARMDWIN56G1" JURNBR  Samples', Demo’y psi 2=l
— Heading Computer Disk Drive Spindle Herringbone
Sarnple Problem Nurber 1. ; (Hydrodynamic). Configuration Journal Bearing Clearance & Pressure
Two groove journal bearing for a boiler feed pump application. S . . X
Applied load=1000 Lbs; Spe=d=4200 RPM; L/D=05; Pad Angle=150 Deg. Distribution For Concentric Operation @ 10,000 Rpm.
Diameter: 3. 750000E-+000 Length: 1.875000E+000 Mo. of pads: 2
U S ified 02 Ort. Angle:  1.000000E+001 Mo. of ecc: 50
ser specitied  fo, Rictational: - 4.200000E-+003 Rens:  2.000000E-005
Operating
Conditions -
! Speed: Load: [1.000000E+00
and Lubricant (000 Speed: |4 200000E+003 Loa + 3D
Properties (i) Gamma: [ 000000E +000 | Viewer
D View| Button
Case 8 of 10

_<|_>|_+I_I Lgbric:antl Bun I kK Cancel Help

Min Film Thick.-* 0.001332 (Inch) | ECC = 0.4672 @ Angle = 321.46 (Deg) «
Power-Lass  ---> 1.784E+00 (HP) | gide-Leskage QF --+ 3.189E-0L(Gpm) | |

Critical Mass --» 4.202E+02 (Lbs) | Inlet-Flow QI --> -9.394E-01{Gpm}

Max. Pressure --> 3.431E+0Z (P=si) |» Max. Reynolds § --= 1.085E+0Q

| === STIFFNEZZ (Lbs/Inch) Generate

Supply-0il Temp.> 99.99Z  (Deg.F) | KOO ; KXY --» 7.l02E+05 3.33¢ O text

Supply Flow Rater 1.000E+00 (Gpm) | K¥X ; KYY --» -1.489E+06 1.050 Output

Filuw-Temp —----- » 130.956  (Deg.F) | after Run

Viscosity —----- 2_172E-0& (Rens) |=== DAMPING (Lb-Sec/Inch) Button

Groove Temp. 117.140  (Des.F) | DXX ; DKV --» 2.245E+03 -1.g07 DU

Max. Temp. -—--- = 144 772 {Deg.F) | DYX ; DYT --» -1.785E+03 6.395 Pressed
| === == I aa

File>Open>Samples>Demo>DEMO.INP File>Open>Samples>Herringbone>HERRBONE.INP

Run>Post Processor>Single Case View>Graphics Output>Bearing Analysis>3D

=0l | (Contours=Pressure, Deformation=Pressure,

RECESS #1 17 a2 PAD #3

>\ 225, L
PADANG=120° H L‘S?j tﬁ# A L PAD #4
8

|~

Supply Side Total Power Critical Max irmamn . . .
. Flow-Rate Leakage Inlet-Flow Lose Mass Pressure Dlsplay>Output>Eccentr|C|ty Rat|0—1)
(Gpmj {gpm) {gpm] {hp) {1k} (psi)
e 4-Pad Canted Lobe Journal Bearing Pressure
1 1.000E+00 5.153E-02  -1.039E-01 6.310E-02 1.889E+06 3.918E+02 Distribution For Concentric Operation @ 6,000 Rpm
Z  1.000E+400 &.575E-0Z  -2.135E-01 1.991E-01 5.530E+04 4,z77E+02
3  1.000E400 1.353E-01  -3.252E-01 3.822E-01 3.702E+04 3.982E+02 Y
4  1.,000E+400 1.720E-01  -4.382E-01 5.957E-01 1,973E+04 3.804E+02 »|
File>Open>Samples>Demo>DEMO.INP, View>Text Output>Post Processor>Multiple Case PAD #1
W
PADANG
PAD #2 70
ORTANG=210"°
W ORTANG
TRUNNION / \

e / N 10

N 1 f x

BDIA| ac/ 1o JOURNAL,

PAD #1 — 28"
N RECESS #2 250 jo- 7 l
" —
—

COAL PULVERIZER, FEED END TRUNNION EEARING GRID NETWCRK

Flow Suply Pipes

Sample Problem Mumber 4. (Hydrostatic). 5.0524E+02
Coal Pulverizer, Feed end Trunnion Bearing.

alve; Speed = 12 RPM ; Pad Andle = 120 Deg. 28898E+02
2B9TE+D2

2.5045E+02
23118E+02
21192E+02
1 9265E+02
1.7 339E+02
1 541 2E+02
1 3486E+02
1.1539E+02
9 E326E+01
7 FOE1E+01
S 7T9EE+0
3.8531E+01

L

Contours: Pressure [psi]  Deformation: Presst 192658401
Output Set Eccentricity Ratio 3 0.9000 0.0000E+00
File>Open>Samples>Sample4-Hydrostatic-Bearing>JURNB-4.INP File>Open>Samples>Canted>CANTED.INP
View>Graphics Output>Bearing Analysis>3D View>Graphics Output>Bearing Analysis>3D
(Contours=Pressure, Deformation=Pressure, (Contours=Pressure, Deformation=Pressure,
Display>Output>Eccentricity Ratio=1 or 2) Display>Output>Eccentr
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GEARBOM Fluick-Film THRUST BEARING ANALYSIS. £ D409E+02
14 PAD SHROUDED TAPERED LAMD
Pressure Distribution @ 15000 RPh.

5. 6E34E+02
5.2858E+02
4 9032E+02
4 5307E+02
14 Pad Tapered
q 4.1531E+02
Pocket Thrust Bearing
After Optimized Design 3.77SGE+02
For Load, Temperature 3.3980E+02
And Stiffness. 3 D205E+02
2 B429E+02
\ \7 2. 2653E+02
@ 1.8878E+02
1.5102E+02
omiwc 1.1 327E+02
7.551 2E+01
3.7TS6E+01
Contours: Pressure [psi]  Deformation: Pressure [psi]
Output Set: Clearance Set 1 0.0010 0.0000E+00

4-Step-Pad Conical Geometry Journal Bearing For Tool Spindle Application Operation @ 3,600 Rpm.

4 PAD #1
W
Ste
/\ PADANG
_ Ro. PAD #2 70°
‘ /t\R'\‘ /\ \ORTANG
BDIA2 \
‘ BDIA fonza J\~ - °
z i f N 10 R
BDIAl JOURNAL ?
o /\\ PAD #3 PAD #4
/T-Length
L—A-Leng h—J‘
Sample Problem Mumber 3. Single Pad Analysis. 1 4775E+03 l

100 Deg. Pad Arc CEMTRALLY PWOTED, Shatt Dia.=5.0" Bearing Length=2.5"

Machined in radial Clearance = 0.005" with 20% Prelos 1.3852E+03
1.2928E+03 3 Pad Tilting Pad
1 20056403 5”x2.5” Journal Bearing.

4 051 E+03 Load Between pads
Unloaded Upper Pad

Speed=1800 Rpm
92356402 || e An b

1.0158E+03

3311 0E+02
7.SETEE+02
G.4641E+02
S.5407E+02
4617 2E+02
3 B935E+02

k4 27T03E+02

2h

Contours: Pressure [pai]  Deformation: Pressure [psi]
Cutput Set: Pivot-C Min= 00008 Max = 00059 0.0000E+00

1.5469E+02

923456+
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6.4.3 Lubricant Analysis (VISCOS) Module

< VISCOS [_[o]x]
File Edt Bookmark Options  Help
Qonlentsl ﬁearchl Eack | Print ! G ! 2> l ARMD I BETS l Tgtoriali ‘ _' D ata
Tutorial Heading.
Sample Problem Number 1.

The following procedure containg the four (4) basic steps to use WISCOS. Online help can be accessed MOBIL DTE 797 Oil for 1800 rpm Turbine bearings

any time by either pressing the F1 key or clicking the Help button (if available) Last line of problem description.

4. View results
graphically or
in text format

o>

Starting temperature: IBI]_I]I] 'F
Temperature increment: |1|]_|]|]

Mumber of increments: |2|]

Supplier: IMIJBIL
VISCOS — Lubricant Temperature Dependent Properties
Brand: IDTE 797 Turbine 0Oil
1. Create NEW 2. Enter or Edit :
vsifileor | | inputfields 150 Grade: |32 APl gravity: |32-BUIJ
OPEN an andfor select ) -
existing file lubricant data First centistoke: |32.I]l] at |1l]4.l]l] °F
from database

Second centistoke: |5_4|] at |21 2.00 *F

Library |
[ (e ]

Help

Ll |

When VISCOS is launched for the first time, Tutorial is activated by Default.
Tutorial can be accessed from the Help menu.

ﬁl File>Open>Samples>VISCOS-1.VSI

Lubricant Properties Library

The Lubricant Temperature Dependent
Properties calculation module VISCOS supplied
with the ARMD Demo is fully operational
version.

Delete | Edit | Help |

Select I

Cancel |

YVISCODSITY

VISCOS has build-in lubricant datacbase that | |Gy Bohilncar gan 226 26.500 220.00 10409 1660 212,08
. : . obilgear . . . . .
Cahn t()je accbesseq Lo rEtrer.VE :jlfbrl(?ar?t pI’OE?II_’t.IES. MOBIL SHC 626 68 33.508 65.28 1684.00 18.48 212 .88
The data-base is user-friendly with capabilities TYPICAL  186% Viscosity Index 15 32.688 15.08 184.88  3.41 212.80
for users to add and delete records as they wish. TYPICAL 106% Viscosity Index 100 28.660 100.00 104.00 11.39 212.00
TYPIGAL 1868% Uiscosity Index 32 31.0980 32.00 104.00 5.36 212.80
T T T TR S 100% Uiscosity Index 1500 23.000 1500.00 104.80 68.33 212.00
“Sample Problem Number 1. | 188% Viscosity Index 18 33.480 10.00 104.00 2.66 212.80
HOBIL DTE 797 0il for 1800 rpm Turbine bearings 186% Uiscosity Index 4 36.380 44,00 16408 6.76 212.080
LesSt line of problem descripeion. 4 198% viscosity Index 158 27.860 158.80 164.00 15.02 212.08
%%% Units of Measure for this Run are ——> US (English) 100% UiSCDSity Index 228 27.888 220.08 184.088 19 .44 212.[1[1;'
TABLE WAS GENERATED FOR THE FOLLOWING LUBRICAMT:
Supplier —-»> MOEIL Brand Nswe --> DTE 797 Turbine 01l FI|e>open>sampleS>V|SCOS-1'VSIY lerary
API Gravity [ @ 60eF/15.556aC ] = .32600E+02 IS0 Grade Hurber -» 32
1st Viscosity point (Centistoke] = .32000E+02 @ Temp. (=F) = .10400E+03
znd Viscosity point (Centistoke] = .54000E+01 @ Temp. (wF) = .21200E+03
Comwputed 5US sec.(@ 1008F/37.778:C = . 16509E+03
Computed SUS sec.@ 2105F/98.888C = - 443 59E+02 LUBRICANT ABSOLUTEVISCOSITY VS. TEMPERATURE
1 f—A—  Abs. Vis. (Rens)
dpsolute — Viscosity Kinematic Saybolt ]
. | viseosity Universal P
Temperature {Rens) Centipoise  Centistoke Viscosity I % o 1‘
I F. Lb-Sec/In*2 (Pa-s) #1000 (M"2/3) “E+6 iSec.) (Eg.
egrees ec/In a-s =) *E+ ec ,,?, g ‘\‘l\‘
z r—
60.000 . 14063E-04 L 9B9G63E+02 . 11245E+03 .S1876E403 I} NNK_
70.000 . 10083E-04 . 69518E+02 .B0980E+02 .37473E+403 }}") 0.01
80.000 . 74292E-05 .51223E+02 . 59933E+02 .2778BEA4D3 ﬁ
|
File>Open>Samples>VISCOS-1.VSI 0.001
. 0.6 0.7 0.8 0.9 1.0 11 12 13 1.4 15 16 17 18 19 2.0 21 22 23
View>Text OUIpUt Lubricant Temperature (Degrees F) (x 10'2)
Select a Graph
Absolute ¥iscosity [Rens) 10, 1 Al VS (C'P)l—
Absolute Vizcosity [C-P)
Kinematic Yiscosity 8
g \\
x 6
3 ~
Specific Heat g-’- 4
Heat Content ]
Thermal Conductivity © '\‘
Temperature 2
4] v | | —
0
FiIe>Open>Samples>VISCOS—l.VSI 0.6 0.7 08 0.9 1.0 11 12 13 14 15 16 17 18 19 2.0 21 22 2.3

Lubricant Temperature (Degrees F) (x 10°2)

View>Graphics Output

Results are viewed in Text or Graphics. Built-in Template are used for quick graphic viewing. Users can create their own templates.
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Torsional Vibration (TORSION) Module

Motor-Gearbox-2-Stage Compressor Drive Train Torsional Response to Synchronous Motor Start-up

i TORSION {G:4 ARMDWIN56G14 TORSION, Samples’, S¥YNC: & TORSION o] x|
Fle Edit System Options Rum  Yiew Project  Window Help File Edit Bookmark Options Help
O I@I ml gl MI é{: II @I nl XI 1 I 1 I TI Eontentsl jncjex I Back | Frint |glassary| & I 2> I ARMD I EETS | Tutarial |
— = Modeling Concepts
Open.... SYNCHRONOUS MOTOR - GEARBOX - COMPRESSOR DRIVE TRAIN ;I
Save 21l Gearhox
Save As... Tlotar
Convert,.. Lok in: [ 3 Samples x|« = B _
Report
Timport
rhrmn_01 ki
Print rhrm_02, TOD
Prinker Setup... rhrm_03.TOL
i Coupling
C C . |
1 GAARMDWINS6G1{TORSION!Samples t°rh"“—U4‘t°' TORRSF 1,701 —
2 GIARMDWINSGG1\TORSION Samples | TORMAT-1.TOI TORRSP-2.TOL
3 G ARMDWINSAG1 | TORSION Samples
4 GIARMDWINSE GL|TORSION Samples
Exit File name: — [SYNC-MOT.T0) \ Open | l(fgj 4 5 5] 789 101712 13 14 1%2 5] 26) 28 935
Files of twpe: |TEIH‘5IEIN [*.toi] j Cancel | <.]> 4) 4} (E & (LCL o
Help |
[Tarsional vibration Analysis i
. Dynamically Equivalent System Torsional Model LI
File>Open>Samples>SYNC-MOT.TOI -
Help>Content>Modeling Concepts
GAARMDWINSEGTTORSIOMNWSY MC-MOT toi
z SAMPLE PROBLEM NUMBER 3. Mode 2 of 6
El t Inf L for Bi h1
= S TWO BRANCH SYSTEM; MOTOR.GEAR.COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC.  4.2095E+003 CPM
|TP|MT|R| Length (o0 101 Damping | QD2istiffne TORSIONAL RESPONSE TO SYNCRONOUS MOTOR START-UP OF DRIVE SYSTEM. 0.2570
1 2 11 110000E+001  FEooTTT o0 EEEEL = T JO0NF+
= PR —— Cut Chrl+ ) F N
: 1] 1400005001 5[y Chrlec Mode shapes can be superimposed on model
= 1] Paste Chrl 44 \ 12
42 11 200000E+001 90 Clear D00E+2. COMPRESSOR: -~~~ -ommmms oo E!g__}h__i
31 21 150000E+001 1. O00E+
1 Insert row F3 Copy crkC
B |1 21 200000E+001 1. O00E+ — |
— Append row Chrl+F3 Local node display
T4 21 150000EsD01 1 oo - 000E+ diabal node cisplay
8 -1 11 200000B+001 1. ppficate row F5 000E+ ok
- Animate
8|1/ 11 100000E+001 90 g CHleFs  |o00EH SomE
1001 11 140000E+001 &0 E ﬁﬂn - Element Selection Summary | Monochrome text
1|1 11 100000E+001 & Changsm @ Tatallengh = 2400000 | 41 0R Medeshape o
Total weight = 3.494778F Shiow summMary window
1201 31 270000E+001 L pg cglors Total inerlia = 3.395400E —
. Zoom In z
4 Color by £ . — Zoom Out Shift+Z
.
[Element type v Color by

File>Open>Samples>SYNC-MOT.TOI
(Right mouse button in Element Information Form)

File>Open>Samples>SYNC-MOT.TOI (Right mouse button for mode shapes and options)

. . . I . ) =&  Mode 1, Cpm= 1495.2 0.0878
Drive Train Torsional Modes of Vibration —8—  Mode 2, Cpm= 4209.5 0.2570
1
g Mode # 2
<
3 0
L
o
Mode # 1
A f——p—— A
-1
0 1 2 3 4

Shaft Length (in) (x 10"2)

File>Open>Samples>SYNC-MOT.TOI

View>Graphics Output>Natural Frequency>Mode Shapes, Restore>TORSION>Samples>SYNC-MOD.USR>0OK
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Select ¥alues for Plot 1

Data

2nd Order
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Graphics utility permits user

gotn | e [ 0k | cancel | defined graph settings, scaling,
o v and many other options.

Fiotational Speed [RPM)]
15t Order

Srd Order
4th Order
Fith Mrrder

Units:  Frequency [Cycles/

' (Cycles/Min) (x 1074)

Graphics screens
can be copied to
other
applications
such as word
processors and
presentation
utilities for
preparation and
presentation of
technical reports.

Torsional natural
frequencies can
be dynamically
excited by
rotational speed
or other sources
of excitation
such as the
pulsating torques
in synchronous
motor during
start-up.
TORSION
predicts dynamic
amplification and
performs fatigue

G:\ARMDWIN56G1\TORSION\Samples\SYNC-MOT.TNC
TORSIONAL CRITICAL SPEED MAP (CAMPBELL DIAGRAM) - NATURAL FREQUENCY VS. SPEED

L2T"MOTGR [ 5th /fth
— S -G,
111-SPEED = L s S
1800 RPm ff & &
1.0 7 = \3@‘ O
Hl/ .38 S S 2
0.9 a5 o ot z
/ 5 :
0.8 S/ Al —
Q/ Il
0.7 of-——
L
%y a
0.61 A i
0.51 5 — s
' [/ / Mode # 2 A
).41 J——
| :
1.31 7
S
217~ Mode# T
l.lZ' V4
1.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
Rotational Speed (RPM) (x 10™4)
File>Open>Samples>SYNC-MOT.TOI
View>Graphics Output>Natural Frequency>Campbell Diagram
Restore>open TORSION>Samples>SYNC-CSM.USR>0K
e O =

OTOR START-UP TORGIE

I—MOTOR TORG

(TN
RN

| ] | ] |
5]

IME (Seconds)

Drive train passing through 1st
torsional natural frequency.

GH SPEED SHAFT TORGUE

" Drive train passing through 2nd
torsional natural frequency.
|

analysis for
determining
system
acceptability for
its intended
application.
]
] -5
&
g
2E 10
Zc o
£p

g

TIME (Seconds)

File>Open>Samples>SYNC-MOT.TOI
View>Graphics Output>Time Transient response
Restore>TORSION>Samples>SYNC-MOT.USR>0OK
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7.0 UTILITIES

7.1 RBTSTYPE

RBTSTYPE is a stand-alone utility used by all preprocessors for viewing and printing
the text output files created by ARMD processors. Cursor keys may be used to scroll
through the file. Mouse clicks in the scroll bars can also be used to move through the

The RBTSTYPE utility can be activated from the ARMD front end (RBTSTYPE) or from
each module when the View>Text Output option is selected. When RBTSTYPE is
activated, a top level menu for opening and viewing files is displayed. When File>Open
is selected from the main menu, a file dialog box is displayed for file selection. Once a
file is selected, the file is loaded to memory for viewing and printing with RBTSTYPE.

IERBTSTYPE =10l x|
File Edit Project ‘“Window Help
= & &l 4BE-] 22
& G\ ARMDWIN56G1',JURNBR  Samples'Demo’iDema -0 x|
TEE ROTOR BEARING TECHNOLOGY & SOFTWARE, INC -

INCOMPRESSIELE HYBRID JOURMAL BEARING ANALYIISI I
FOR FIZED GEQHETRY BEARINGS ®#%% JURNBER *+** [%

Sample Problem Numwber 1.
Two groove journal bhearing for a boiler feed pung
Applied load=1000 Lbs; Speed=4200 RFM; L/D=0.5; I

Tnits of Measure for thiz Run are —-—-> U3 [(English)
ML = 13 NCG = 27 NPAD = 2
HECC = 50 N3P = o HNITEER = 25
i 1
|Te><l: output view ukilicy Mo project open | | LM

The following list presents the text output file extensions generated with the various

processors and their associated modules along with a brief description:
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Text Output

HYBCBR

No. Module Menu Selection/Solver File Description
Extension
1 ROTLAT Run>Static Deflection / .DFO Static deflection analysis results that
ROSTAT includes slope, shear and moment
diagrams, rotating system weight
distribution and bearing loads.
Run>Stability Analysis / .STO Natural frequency, mode shape,
ROSTAB stability and damping parameter
analysis results.
Run>Unbalance Response .SYO Synchronous unbalance response
/ ROSYNC vibratory amplitudes, phase angles,
and dynamic forces and moments.
Run>Time Transient .RSO Non-synchronous time transient
Response / RORESP response amplitudes, dynamic
stresses, and dynamic forces.
Run>Critical Speed Map / .CMO Natural frequencies as a function of
ROTORMAP bearing/support stiffness.
Run>Stability Map / .SMO Natural frequencies, stability and
ROTORMAP damping parameters, and orbit
direction as a function of rotational
speed.
2 TORSION Run>Natural Frequency / .TNO Torsional natural frequencies, mode
TORNAT shapes, damping parameters and
torsional critical speed map (Campbell
diagram).
Run>Steady State .TSO Torsional steady state response
Response / TORHRM results including torques, stresses,
angular displacement, velocity and
acceleration.
Run>Time Transient .TRO Torsional response time history
Response / TORRSP results including torques, stresses and
fatigue life.
3 JURNBR Run>Bearing Analysis / .OUT Fixed geometry journal bearing
JURNBR analysis results including loads,
power-loss, flow requirements, film
thicknesses, pressures, stiffness and
damping coefficients, stability
parameters, recess flows and
pressures, etc. as a function of journal
eccentricities.
Run>Post Processor / .PSO Fixed geometry journal bearing
POSTMC (multiple case) analysis results similar to above as
well as heat balance results as a
function of user specified range of
operating conditions.
4 HYBCBR Run>Bearing Analysis / .HCO Conical geometry journal bearing

analysis results including loads,
power-loss, flow requirements, film
thicknesses, pressures, stiffness and
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No.

Module

Menu Selection/Solver

Text Output
File
Extension

Description

HYBCBR

damping coefficients, stability
parameters, recess flows and
pressures, etc. as a function of journal
eccentricities..

Run>Post Processor /
HYBPSTMC (multiple case)

.HPO

Conical geometry journal bearing
analysis results similar to above as
well as heat balance results as a
function of user specified range of
operating conditions.

TILTBR

Run>Single / SINGLE

.SNO

Tilting-pad geometry journal bearing
analysis results of a single pad as a
function of pivot film thickness.

Run>Assembly /
ASSEMBLY

.ASO

Tilting-pad geometry journal bearing
analysis results including load, power-
loss, flow requirements, film
thicknesses, pressures, stiffness and
damping coefficients, etc. as a
function of journal eccentricities or
applied loads..

Run> Post Processor /
TILPSTMC (multiple case)

.TPO

Tilting-pad geometry journal bearing
analysis results similar to above as
well as heat balance results as a
function of user specified range of
operating conditions.

THRSBR

Run>Bearing Analysis /
THRSBR

.TOT

Thrust bearing analysis results
including load, power-loss, flow
requirements, film thicknesses,
pressures, stiffnessand damping
coefficients, etc. as a function of
bearing axial clearance..

Run>Post Processor /
THRPSTMC (multiple case)

.RPO

Thrust bearing analysis results similar
to above as well as lubricant heat
balance results as a function of user
specified range of operating
conditions..

BEARINGS

Run>Post Processor /
Single Case

.TMO

Text output from run of bearing solver
within single case post processor for
purpose of viewing 3-D graphical
output. (JURNBR = INTER.TMO
HYBCBR= CINTER.TMO,
THRSBR = THRPOST.TMO,
TILTBR = TILPOST.TMO).

VISCOS

Run>Viscosity / VISCOS

VSO

Lubricant temperature dependent
properties.).
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7.2 RBTSGRAF

7.2.1 Introduction

RBTSGRAF software package is a general-purpose program used to view the graphics
output of ARMD processors (JURNBR, ROSYNC, TORNAT, etc.). RBTSGRAF is
supplied with each software package purchased from RBTS. With the ARMD software
package, RBTSGRAF is copied to the computer when the Ultilities item is selected from
the Select Components dialog of the ARMD installation program.

7.2.2 Installed Files

The following files are needed to run RBTSGRAF:

RBTSGRAF.EXE
RBTSGRAF.CHM
RBTSFILE.CFG

Main program

Help file

Data file containing information about

graphics file extensions

RBTSGRAF.INI - Initialization file containing RBTSGRAF templates

* USR - Sample user options files (optional user created files)

7.2.3 Main Menu

The main menu of RBTSGRAF is divided into six menus: File, Edit, View, Project,
Window, and Help.

i RBTSGRAF {G:'\ ARMDWIN3Z' JURNBR" ] - 10| x|
File Edit W%iew Project ‘Window Help

25| 2l Al 2EE o= el

File Menu
Open opens a graphics file and loads its data
into memory.
Save writes the current graphics file to disk.
Combine combines multiple graphics files of same

dimensions (rows, columns and same extension
into one logical unit.
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Save As

Print

Printer Setup

Exit

Edit Menu

Copy
Select All
Find

Find Next

View Menu

Input File

Graph

ARMD — Main

prompts for a file name and saves the current
graphics file to that file name.

prints the current graphics file in ASCII
form to the printer.

allows the current printer settings to be modified.

exits RBTSGRAF.

copies selected text to system clipboard
selects all text in the current window
prompts for string to search for in window

find next occurrence of previous search string

displays the current input file in a read-
only window. The file may then be scrolled
through or printed.

activates a sub-menu in which a graph may be
viewed by template or by options. Here, a
JURNBR graphics file is viewed by template.
Template entries for files with the .GRF
extension include Eccentricity Ratio, Power
Loss, etc. The selection can be changed
with the arrow keys or mouse. Pressing the
OK button will display the graph options for
that particular template entry. These
options may be temporarily changed by
accessing the sub-forms under the Graph
Options form.
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Select a Graph

Eccentricity Batio vz Beanng Load

Power Loss vs Beanng Load

Minimum Film Thicknezs vz Bearing Load

M aximum Pressure ¥s Bearing Load

Side Leakage/Inlet Flow vz Bearing Load

Kxx/Kyy vz Bearing Load

Dxx/Dyy vs Beanng Load

Min_Film ECC_Angle.5ide leakage.Inlet flow. & Powerloss vz LOAD
STIFFHESS & DAMFPIMG Coefficients vs. BEARING LOAD
Min_Film ECC_Angle Side leakage Inlet flow & Power loss vs. ECC

1] |

Cancel |
_ Heb |

Help

Summary displays information including the name of
the current options file, the graphics file
name, file date, file size and name of
processor that created the graphics file
(e.g. JURNBR, RORESP).

Project Menu

See Section 6.3 below for details

Window Menu

Close All Closes any open windows

Cascade Overlaps open windows

Tile>Vertically Tiles open windows in vertical direction

Tile>Horizontally Tiles open windows in horizontal direction

Arrange Icons Arranges icons for minimized windows

Help Menu

Contents displays table of contents for RBTSGRAF
help file.

Tutorial displays tutorial for RBTSGRAF.

How to Use Help displays help on how to use help system.
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RBTS, Inc. displays information about Rotor Bearing
Technology & Software, Incorporated.

ARMD displays general information about ARMD.
RBTSGRAF displays general information about RBTSGRAF.
ARMD Users Manual displays ARMD on-line users manual.

Settings displays a window for graph settings.

About displays the program name, date, version and

copyright notice and current open project.

7.2.4 Plot Arrangement

RBTSGRAF arranges plots on the screen depending on the number to be drawn as
follows:

1 2
1
3
1 1 3
2 2 4

7.2.5 Templates, User Options, and Macro Strings

Templates are only available for graphics files with a fixed number of variables for
output such as data files generated by processors like JURNBR, HYBCBR, TILTBR,
THRSBR, and VISCOS modules which produce graphics output files independent of
user specified parameters. Processors for the ROTLAT and TORSION modules which
produce variable amount of graphics output (depending on input file), do not have
template entries. Users may want to create option files for these graphics files as a type
of "mini-template”.
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User option files may be created from the View>Graph>by Option command. The
settings for the plots in a graph window may be saved to or restored from user option
files. User option files have the .USR file extension.

With either templates or user options plots, plot titles can be assigned explicit strings
(e.g. "Sample Compressor Problem™ ) or macro strings. Macro strings, when plotted,
are replaced with their equivalent value. The following macro strings are available:

@FILE.NAME name of graphics file
(e.g. C:\Program file\ARMDW\JURNBR\Samples\Demo.GRF)

@FILE.DATE date that graphics file was created
(e.g. 10/01/08 15:04:46)

@TITLE.n title of the n-th column of data (e.g. the
third title would be referred to as @TITLE.3)

@FILE.TIME time that graphics file was created
(e.g. 15:04:47)

@FILE.BASENAME name of graphics file without drive or path
(e.g. DEMO.GRF)

@PROJECT.NAME name of currently open project or
zero-length string if none is open.

7.2.6 Graphics File Extensions

The following list present the various graphics output file extensions generated with the
various processors and their associated modules along with a brief description:
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JURNBR

Graphics
No. Module Menu Selection/Solver Output File Description
Extension

1 ROTLAT Run>Static Deflection / .DFG Static deflection analysis results that

ROSTAT includes slope, shear and moment
diagrams, rotating system weight
distribution and bearing loads.

Run>Stability Analysis / .STG Mode shapes with their natural

ROSTAB frequency, stability and damping
parameters.

Run>Unbalance Response / SYG Synchronous unbalance response

ROSYNC vibratory amplitudes, phase angles,
and dynamic forces and moments.

Run>Unbalance Response / .SPG Synchronous unbalance response

ROSYNC vibratory amplitudes at +45 degrees
from vertical Y-axis.

Run>Unbalance Response / .SBG Synchronous unbalance response

ROSYNC orbits at bearing stations and for user
selected initial, intermediate, and final
operating speeds.

Run>Time Transient .RSG Non-synchronous time transient

Response / RORESP response amplitudes.

Run>Critical Speed Map / .CMG Natural frequencies as a function of

ROTORMAP bearing/support stiffness.

Run>Stability Map / .SMG Natural frequencies, stability and

ROTORMAP damping parameters as a function of
rotational speed.

2 TORSION | Run>Natural Frequency / .TNG Torsional mode shapes, their natural
TORNAT frequencies and damping parameters.
Run>Natural Frequency / .TNC Torsional critical speed map
TORNAT (Campbell diagram).

Run>Steady State Response .TEG Torsional steady state response

/ TORHRM containing element element
torque/stress output results.

Run>Steady State Response .TSG Torsional steady state response

/ TORHRM containing station vibration output
results.

Run>Steady State Response TTG Torsional steady state response

/ TORHRM containing element thermal output
results.

Run>Time Transient .TRG Torsional response time history

Response / TORRSP results.

3 JURNBR | Run>Bearing Analysis / .GRF Fixed geometry journal bearing

analysis results including loads,
power-loss, flow requirements, film
thicknesses, pressures, stiffness and
damping coefficients, stability
parameters, recess flows and
pressures, etc. as a function of journal
eccentricities.
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No.

Module

Menu Selection/Solver

Graphics
Output File
Extension

Description

JURNBR

Run>Post Processor /
POSTMC (multiple case)

.PSG

Fixed geometry journal bearing
analysis results similar to above as
well as heat balance results as a
function of user specified range of
operating conditions.

HYBCBR

Run>Bearing Analysis /
HYBCBR

HCG

Conical geometry journal bearing
analysis results including loads,
power-loss, flow requirements, film
thicknesses, pressures, stiffness and
damping coefficients, stability
parameters, recess flows and
pressures, etc. as a function of journal
eccentricities.

Run>Post Processor /
HYBPSTMC (multiple case)

HPG

Conical geometry journal bearing
analysis results similar to above as
well as heat balance results as a
function of user specified range of
operating conditions.

TILTBR

Run>Single / SINGLE

.SNG

Tilting-pad geometry journal bearing
analysis results of a single pad as a
function of pivot film thickness.

Run>Assembly / ASSEMBLY

ASG

Tilting-pad geometry journal bearing
analysis results including load, power-
loss, flow requirements, film
thicknesses, pressures, stiffness and
damping coefficients, etc. as a
function of journal eccentricities or
applied loads..

Run> Post Processor /
TILPSTMC (multiple case)

TPG

Tilting-pad geometry journal bearing
analysis results similar to above as
well as heat balance results as a
function of user specified range of
operating conditions.

THRSBR

Run>Bearing Analysis /
THRSBR

.THG

Thrust bearing analysis results
including load, power-loss, flow
requirements, film thicknesses,
pressures, stiffnessand damping
coefficients, etc. as a function of
bearing axial clearance..

Run>Post Processor /
THRPSTMC (multiple case)

.RPG

Thrust bearing analysis results similar
to above as well as lubricant heat
balance results as a function of user
specified range of operating
conditions..

VISCOS

Run>Viscosity / VISCOS

VSG

Lubricant temperature dependent
properties.).
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7.3 ARMDGraph

7.3.1

Introduction

ARMDGraph is a newly developed general-purpose program to replace RBTSGRAF
(section 7.2), with more user features and capabilities, that is used to view graphics
output of ARMD processors (JURNBR, ROSYNC, TORNAT, etc.). Similar to
RBTSGRAF, ARMDGraph is supplied with each software package purchased from
RBTS and it is installed during ARMD installation.

ARMDGraph features include:

New workspace concept.

New graphical user interface to access and customize graphs.

New output file format (*.usrx) allows more customization of graphics data files
than the previous .usr format.

Ability to create multiple graphs each of which may contain multiple charts.
Ability to plot lines in a chart from different graphics data files.

Backwards compatible with .usr files generated with RBTSGRAF graphing utility.
Customizable annotations and line markers.

Automatic detection of graphics data file changes/updates.

Clipboard support including:

- Copy graph to clipboard as bitmap (.BMP)

- Copy input file to clipboard as text file (.TXT)

Utilizes GUI help system.

Accelerator keys for accessing menu items.

Project menu for convenient access to project functions.

ARMDGraph features include the following:

Multiple plots per window (1, 2, 3 or 4).

Line, polar and FFT plots.

Templates for automatic configuration of graphs.
Save/restore user options (*.USRX), for custom graphs, including:
- log, semilog or linear axis scaling.

- automatic or manual axis scaling.

- log, semilog or linear axis scaling.

- automatic or manual axis scaling.

- grid lines (ON or OFF).

- legend position (hidden, inside or outside right).
- draw curves with lines, symbols or both.

- macro strings for flexible title assignment.
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7.3.2 Workspace

ARMDGraph employs a Workspace concept to manage multiple graphs with
associations to single or multiple graphics output files. The workspace can be viewed to
be a user settings form that contains user defined plot/chart configurations for graphics
output files generated by ARMD solvers.

[ ArmdGraph - Mew Workspace - [Workspace Configuration: Chart(1)] SREEEL X
if§ File Edit View Project Window Help - F X
S H @l e
=) Graphs Set Lines | Details | Line Defaults | Annotations | Line Markers
;= Graph - Default

=) CEharts File Cortents Chart Type Line -
Units Amplitude mils (Pk-Pk)
om0 H Hodeh Y6 U 1 Output Fles = X e
-0 - -Model-l. [} TOM-MO-HK-Model- . SYG US [ Units Rlotor Speed (RPM)
-~ (2) TOM-MO-HK-Model-4.SYG US  Rotor Spoed (RPM)
- (3) TOM-MO-HK-Model-B.SYG US  AmploN # 001 = Rator Speed (RPM) =
- Ampl -N # 002 i
. Ampl N # 003 Y Lines
-~ Ampl.-N # 004 Units Amplitude mils (Pk-Pk)
- Ampl -N # 005
- Ampl -N # 006 Line File
-~ Ampl.-N # 007 Ampl N # 001 {1) TOM-MO-HK-Model...
- Ampl-N # 003 Ampl-N # 006 {1) TOM-MO-HK-Model...
-~ Ampl N # 003 = | | Ampl-N#012 (1) TOM-MO-HK-Mode!..
[ AddFile | [ DeleteFile]
Save Workspace Use Current Files
= 0 4 || Replace File
IL'; Open Workspace IEI Show/Update Graphs l
Plotting Package TestFolderA

The workspace consists of two basic left/right panels. The left panel contains the
graphs, charts, and graphic output files, while the right panel contains chart/graph
settings. A typical session/tutorial with is graphically shown below. Further details and
help are available after ARMD/ARMDGraph installation from within the help menu.

2- Files with templates. 3- Configure Workspace.
- _ Double click anentry. & e
1- Opengraphics data file. IN[EEERE e Lex
5] New Workspace CtrlsN -
5 Open Gr: Curl+0 -
5 OpenWo Ctrl+Shift+0

ace
Restore RETSGRAF Settings (".usr) ~ Ctrl+Shift=U

Append Workspace -
Clor ace

[ usepetsur | | ok ][ camea ]

% 2- Files with no templates. F ——

1! Graph: Defautt [=e=s
C:\Users\PubliciDocuments\ARMDST\ROTLAT| Samples\MOTOR. syg

—&— Ampl-N # 001 4_ Press

—E— AmplN# 010 “Show/Update
—<— Ampl.-N # 015 Graphs”
button to
display the
chart/graph
window.

s

Amplitude mils (Pk-Pk)

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
Rotor Speed (RPM)
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7.4 3-D Bearing Viewer

7.4.1 Introduction

BRGVU is a general purpose program used to view the 3-D graphical output of ARMD
fluid-film bearing solvers (JURNBR, HYBCBR, THRSBR, TILTBR). Output includes
clearance, pressure and shear-stress distributions as well as structural deformation (if

applicable).

BRGVU is copied to your computer when the Utilities item and any fluid-film bearing
package are selected from the Select Components dialog of the installation program.

7.4.2 Main Menu

The main menu of BRGVU is divided into the following menus: File, Edit, View,
Contours, Deformation, Display, Zoom, Rotate, Colors, Window and Help.

File Menu
Open

Close

Print

Print Preview
Print Setup
Exit

Edit Menu
Undo

Cut

Copy

Paste

opens a 3-D graphics file and loads its data into memory.
A window with a default view will then be displayed.

closes the currently open graphics file and
any view windows associated with it.

print the contents of the current view window.
preview printer output for the current view window.
configure the printer settings.

exits BRGVU.

undo last undoable command.
cut selected object and paste to clipboard.
copy selected object to clipboard (e.g. model view)

paste clipboard contents to current context.
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View Menu
New

Save

Save As
Restore

Contours Menu
None

Clearance

Pressure
Shear-Stress
Shading

Automatic range
User-specified range

Deformation Menu
None

Clearance

Pressure
Shear-Stress
Automatic scale factor

User-specified scale factor

Display Menu
Pads

ARMD — Main

create and display new view window based
on currently active view.

save window settings to last restored .VUE file
save window settings to a .VUE file

restore window settings from a .VUE file

checked if no contouring done.

checked if contouring by clearance.

checked if contouring by pressure.

checked if contouring by shear-stress.
checked if light shading is used.

checked if program determines contour limits.

checked if user specified contour limits are used.

checked if no deformation done.

checked if deformation by clearance.

checked if deformation by pressure.

checked if deformation by shear-stress.

checked if program determines deformation scale factor.

checked if user-specified scale factor is used for
deformation.

display dialog for controlling which pads are displayed.
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(Default=set 0)

Output Set display dialog for selecting output set
for the current view window.

Mesh checked if mesh is drawn on model.
(Default=ON).

Hidden Elements checked if hidden elements are removed.
(Default=removed)

Animate checked if animation if ON (default=OFF).
Zoom Menu

Previous restore previous zoom

Enclose Model display model to fit within view window.
Zoom Out 1:1 restore default zoom level.

Zoom In N:1 zoom out (factor of N).

Rotate Menu
Isometric display isometric view.

User specified... display with user-specified rotation, translation, and zoom.

XY Front display model with 2-D perspective
XY Back
XZ Front
XZ Back
YZ Front
YZ Back

Colors Menu

Contours select colors for contouring
Shading select color for light shading.
Mesh select color for mesh grid.

Text select foreground color for text.
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Background

Window Menu
New

Cascade

Tile Horizontally
Tile Vertically
Arrange Icons
Help Menu
Help Topics

About

7.4.3 View

ARMD — Main

select background color for model and text.

create new view window with default settings
cascade current view windows

tile current view windows horizontally

tile current view windows vertically

arrange icons for minimized view windows

displays table of contents for help file

displays the program name, data, version
and copyright notice for BRGVU.

Settings

View settings may be saved to and restored from disk via the View menu. View setting

files have the .V

UE file extension.

7.4.4 3-D File Extensions

File

No. Module Processor/Solver Extension Description

1 JURNBR | JURNBR JuV Clearance and pressure distributions
and structural deformation.

2 HYBCBR | HYBCBR HYV Clearance and pressure distributions
and structural deformation.

3 THRSBR | THRSBR .THV Clearance and pressure distributions
and structural deformation.

4 TILTBR SINGLE TV Clearance and pressure distributions.
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7.5 3-D Shaft Viewer

75.1 Introduction

ARMD Shaft Viewer is an integrated graphics utility in the ARMD suite. It uses modern
3 D graphic rendering technology to provide a highly realistic view of model shaft
systems which can be rotated, zoomed and moved to provide the user with a clear
viewpoint of features of interest in the shaft system. Shaft systems designed in ROTLAT
or TORSION can be loaded into the Shaft Viewer, which then automatically loads any
model solution results of torsional natural frequency mode shapes, rotor stability mode
shapes, and unbalanced response orbits. These model distortions/vibrations can be
selected, scaled, and animated, showing a unique visual representation of the
rotor/bearing system or mechanical drive train vibration characteristics from the ARMD
Shaft Viewer WORKSPACE (shown below).

—_F s
%4 ARMD Shaft Viewer (C\ blic! uments\ARMDS. TLA COMPRES.ROI LE X

File  View Project Help
Ouput Set: ROSTAB Mode Shapes - |DutputSe’( Property: 4 v ® | Shape Amplitude 1 ‘l Cursor Control Selector @ -

=)

Uranium Enrichment Centrifugal Compressor Rotor System Model.
Operating Speed Range 6000 to 12000 Rpm.
Two fluid film Tilting Pad Bearings at stations 5 and 10.

[+-=» Shaft Element &

= Shaft Element &

Viewpaint

Rotation about:
Zoom X Y

ESRNE

(=) (=]

Visibility: Show

Mesh Solid
Hlipses Center Lines
Discs Bearings
Connections

Animation

L 13|

| Relative Amplitude, scaled by Shape Amplitude |Plojed not open

The Shaft Viewer can be run as a stand-alone display utility either from the ARMD main
menu or from the computer’s Start menu. It is also fully integrated into the ROTLAT
Rotor Dynamics and TORSION Torsional Vibration modules, where it can be accessed
via the View menu as shown below (if run from ROTLAT or TORSION, it will start with
the model in use fully loaded).
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& ROTLAT (C:A\Users\Public\Documents\ARMDS8\ROTLAT\Samples\COMPRE... L= | (=[Sl
o0 File Edit Systern Options  Run | View | Project Window Help

D||ﬁ3|n| % | | Input File gﬂ

C:WUsers\Public\Documents\ARMD58\R Systemn Model
Uranium Enrichment Centrifugal Compre 3 O Shaft Viewer
Operating Speed Range 6000 to 12000
Twa fluid film Tilting Pad Bearings at sta

Graphics Output
Text Qutput 3

Error File

-

al length = 2. 96600E+001 in—————Jm=

View System Model in 3 D Shaft Viewer Mo project open MLIM

ARMD Shaft Viewer is supplied with the Rotor Dynamics and Torsional Vibration
modules purchased and it is automatically installed during ARMD installation.

2] ARMD Shaft Viewer (C:\Users\Public\OE-Drive2\Y2012ARMDV58Projects\3DModelsForHelpFile\Steam TurbineSubSynchronouslnstability.ROI) ":'—\@&J

File View Project Help

| = #EE -
+-= Shaft Element 0
I +-=m Shaft Element 1
. +]-=® Shaft Blement 2
+-=® Shaft Element 3
+]-=m Shaft Element 4
+]-=® Shaft Element 5
+]-=® Shaft Element 6
- = Shaft Element 7
+-=® Shaft Element 8
+-=m Shaft Element 9
+-=® Shaft Element 10
+|-=® Shaft Element 11
+]- = Shaft Element 12
+-=» Shaft Bement 13

+-= Shaft Element 14
Viewpoint

Rotation about:

Zoom X Y z

)0z 2]

Visibility: Show

V| Mesh V| Solid

| Blipses V| Center Lines
Discs V| Bearings

V| Connections

Animation

A e S {J
,- H ’ ) bl;‘ Animation Speed

Auto
Scale

Copy

Enclose Image

Relative Amplitude, scaled by Shape Amplitude 3DModelsForHelpFile

Ouput Set: ROSTAB Mode Shapes ~ | Qutput Set Property: 4 |Mode Shape3F ~| ¥ | Shape Amplitude 500 Cursor Control Selector { ~
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7.5.2 Sample Session

Rotor models can be opened directly from the Shaft Viewer main File menu. Shaft
models can be loaded into the Shaft Viewer from the File > Open or File > Recent Files
main menu selections. When using the File > Open menu selection, a Windows Open
File dialog is displayed, starting either in the current ARMD project folder, or the most
recently used folder if no ARMD project is open.

F k|
Open ROTLAT or TORSION input file =
-u--u- | , # 3DModelsForHelpFile - | ¢¢| Search P I

By Organize ~ :=£ Views ~ [ Mew Folder
Ennrelirhe Marne Date modified Type Size
FE Documents |#=| 3BranchDriveTrain.toi 12/13/2012 3:20 PM Tormain Document 10 KB
. ' |=| 3BranchDriveTrainMeo...  12/13/2012 4:00 PM  Tormain Document 10 KB
il Recent Places =] CANADA2405taTorsio... 12/13/20124:38 PM  Tormain Document 37 KB
Bl Desktop =] COMPRESSOR.ROI 12/13/2012 236 PM  Rotor Document 5 KB
/% Computer |=| Expander-RotorModel....  12/13/201211:53 ...  Rotor Document 18 KB
EE Pictures = PowerTG5-RotorMode.,,  12/13/2012 2:04 PM - Rotor Docurnent 53 KB
EB-. Music {|=| SteamTurbineSubSync... 12/14/2012 7:51 AM  Rotor Document 130 KB
Recently Chang |=| SYNC-MOT.TOI 1271372012 3:15 PM Tormain Document TEKB
_/I_l Y o
EB Searches
Public
Folders A
File name:  Steam Turbine SubSynchronousinstability roi - [HOTL.HT or TORSION input f v]
[ Open |7] [ Cancel ]

Files displayed in the dialog are filtered by default to *.roi and *.toi files which contain
ROTLAT and TORSION shaft system file specifications, respectively.

After loading a shaft system model, the viewer will render it on the screen. Shown
below is the display of the sample COMPRES.ROI model, where annotation has been
added in italics for this screen shot.

By default, the display opens in the ISO view, with the axes rotated to show detail along
all three axes. The viewpoint of the display can be modified by using the buttons on the
left side of the display. By pressing the + and — buttons, the display can be zoomed or

rotated (shown below) about any of the three axes. The arrow buttons in the middle of

the Viewpoint group move the display left, right up and down.
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EAmRSha?wmr(c: |sers\PUBIic\OE-Drive Y201 2ARMDV58Projects\3DMode MPRESSER.ROI) E=E
File  View Project Help

: OuputSet: ROSTAB Mode Shapes - | Output Set Property: 4 - ® | Shape Amplitude 1 | -

- Shaft -
[ = Shaft Element 0 % Uranium Enrichment Centrifugal Compressor Rotor System Model.

(&= Shaft Elemert 1 .
Lo St Font 2 Operating Speed Range 6000 to 12000 Rpm.

&= Shaft Element 3 Two fluid film Tilting Pad Bearings at stations 5 and 10.
- =m Shaft Element 4
(- = Shaft Element 5

| = Shaft Element 6 -

Viewpoint
I Rotation about:
Zoom X

| = = =
o @ @ =
& =B =

Lo [ vz | e x|

E

Visibility: Show
Mesh Sclid
Ellipses Center Lines
Discs Bearings
Connections
Animation

,—U—

L1131 [

Relative Amplitude, scaled by Shape Amplitude 3DModelsForHelpFile

Continuous motion can be achieved by holding any of the arrow buttons down. The
display can be reset at any time to one of 4 standard viewpoints, the default ISO view,
or projections on the YZ, XZ, or XY planes. If by any chance the viewpoint is modified
to the point where the model is no longer visible, clicking on either a standard viewpoint
or the Enclose button will re-center the model in the display. The enclose button will re-
center the model without changing its orientation.

The various elements of the model can be selected for display using the check boxes in
the Visibility control group. When the Solid and Mesh items are selected, the viewer
performs an automatic level-of-detail (LOD) calculation considering the distance to the
shaft system to determine when the mesh would be sufficiently dense to hide the solid
display, and then suppresses the mesh display if needed. In the first screen shot above,
the LOD has suppressed the mesh on the entire model. Shown below are snapshots of
how this display appears as we zoom in.
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W] ARMD Shaft Viewer (CAUsers\Public\0F-Drive2\¥2012ARMDVS8Projects\3DModelsForHelpFile\COMPRESSOR ROT) (=l E |

File View Project Help

: Quput Set: ROSTAB Mode Shapes ~ | Qutput Set Property: 4 - ® | Shape Amplitude 1 |

. Shaft -

= Shaft Element 0 Uranium Enrichment Centrifugal Compressor Rotor System Model.
Operating Speed Range 6000 to 12000 Rpm.

Two fluid film Tilting Pad Bearings at stations 5 and 10.

[¥-=m Shaft Blement 1

= Shaft Hement 5
=» Shaft Hement 6

1

Viewpoint

Rotation about

(.
/“\d
[z ][] —

0
[+

Misibility: Show
Mesh Solid
Elipses Certer Lines.
Discs Bearings
Connections
Animation
@@H Animation Speed
= Copy Auto
\ ] l S
|Relative Amplitude, scaled by Shape i |3DModelsForHelpFile \

Note that the LOD calculation is performed on an element by element basis, so that
more distant elements will have their mesh suppressed while closer ones are shown.

W] ARMD Shaft Viewer (CAUsers\Public\0E-Drive2\¥2012ARMDVS8Projects\3DModelsForHelpFile\COMPRESSOR ROT) [EEEES)
File View Project Help

: Quput Set: ROSTAB Mode Shapes ~ | Qutput Set Property: 4 - ® | Shape Amplitude 1 |

E-p Shaft

== Shaft Bement 0 Uranium Enrichment Centrifugal Compressor Rotor System Model.
- Shaft Element 1

Operating Speed Range 6000 to 12000 Rpm.
Two fluid film Tilting Pad Bearings at stations 5 and 10.

(&)= Shaft Blement 4

= Shaft Hement 5
=» Shaft Hement 6

Viewpoint
Rotation about

Visibiity: Show

Mesh Solid

Hlipses Certer Lines.

Discs Bearings

Connections

Animation

@@@ Animation Speed
Copy Auto

\E’ldnse ] l —e Scale

|Relative Amplitude, scaled by Shape i |3DModelsForHelpFile \

If the solid display is not selected but the mesh is, then the LOD calculation is not
performed, and the mesh is shown for all elements.
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File View Project Help
* Quput Set: ROSTAB Mode Shapes

Public\OE-DriveZ\V2012ARMDV58Projects\3DModelsForHelpFile\ COMPRESSOR ROI)

B Shaft

+)-mm Shaft Element 0
= Shaft Hement 1
== Shaft Hement 2
== Shaft Hement 3
=» Shaft Hement 4
== Shaft Blement 5
=» Shaft Hement 6

d

1

Viewpoint
Rotation about
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~ | Output Set Property: 4 - % | Shape Amplitude 1
P! perty: [zt

Uranium Enrichment Centrifugal Compressor Rotor System Model.
Operating Speed Range 6000 to 12000 Rpm.
Two fluid film Tilting Pad Bearings at stations 5 and 10.

Visibilty: Show
Mesh Solid
Elipses Certer Lines.
Discs Bearings
Connections
Animation
@@@ ..... I
Animation Speed
= Copy futo
\ ] l =T
|Relative Amplitude, scaled by Shape

[3DModelsForHelpFile \]
—

Information about the shaft’s elements can be found in the shaft element display when
an element is selected. This display shows the size and length of each element. The
element selected can be highlighted by selecting the mesh-only display. As shown

below, this highlights element 7 on the display by showing it in black.

ARMD Shaft Viewer (C: RMDV58Projects\3DModelsForHelpFile\COMPRESSORROT)

File  View Project Help
: Quput Set: ROSTAB Mode Shapes

()-m Shaft Blement 6
o= EEEEE
oD 1: 26
o to

opz 26
D20

: Len : 4156
- =m Shaft Blement 8

-

1

Viewpairt
Rotation about

Visibility: Show
: Mesh Solid
Hlipses Center Lines
Discs Bearings
Connections
Animation
W s
= Copy Auto
|Relative Amplitude, scaled by Shape

~ | Output Set Property: 4 - ® | Shape Amplitude 1 |

Uranium Enrichment Centrifugal Compressor Rotor System Model.
Operating Speed Range 6000 to 12000 Rpm.
Two fluid film Tilting Pad Bearings at stations 5 and 10.

3DModelsForHelpFile
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The main feature of the Shaft Viewer is its ability to display and animate the motions
calculated by the various ARMD solvers. When the Shaft Viewer loads a ROTLAT or
TORSION shaft system model, it looks for supported solver output files, and if they are
present will load any or all of them automatically, no user interaction is needed. These
output sets are then presented to the user for display in the Output Set: drop-down box
on the viewer’s main toolbar (shown below).

- Ouput Set: | ROSTAE Mode Shapes -

ROSYMC Vibrational Amplitudes

Once an output set has been selected, the next step is to select a particular property in
the set to be displayed. For ROSTAB and TORNAT mode shapes, the property is the
specific mode shape. This is accomplished from the Output Set Property drop-down
box (shown below).

Output Set Property: <4 Mnde Shape 2 F v| *
|Mone|
Mode Shapel R

lMode Shape3 R
Maode Shaped F
Maode Shape 5 R
Mode Shapeb F
Mode Shape 7R
Mode Shape 8 F

("% ARMD Shaft Viewer (C:Users\Public\OF-Drive2\¥201 2ARMDV58Projects\3DModelsFarHel pFile\COMPRESSOR.ROT] =S
File View Project Help
 Ouput Set: | ROSTAB Mode Shapes ]| output set Property: -+ + | Shape Amplitude 4
= Shaft Element 6 o
[J-=» Shaft Element 7 Uranium Enrichment Centrifugal Compressor Rotor System Model
%D 11: ZD'G Operating Speed Range 6000 to 12000 Rpm.
H Tweo fluid film Tilting Pad Bearings at stations 5 and 10.

| oD2: 28
=

Dz o
Len : 4156
=» Shaft Element & -

Viewport Rotation about \\
Zoom X Y 4
) [ N
[ 0 9 R
= = (&
e ]
Misibility: Show
Mesh Solid
Elipses Center Lines.
Discs Bearings
Connections
Arimation
—07
@@@ Ariimation Speed
EEE
[Relative Amplitude, scaled by Shape Amplitud [3DModelsForHelpFile |

The scale of the distortions displayed can be adjusted using the Shape Amplitude text
box (shown above) on the toolbar.
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Displayed mode shapes and vibrational amplitudes (orbits) can be animated by
pressing the play button. During animation, clicking the Pause button will pause the
animation at its current frame. The Single Step button advances from the current to the
next frame, while the Stop button resets the animation to frame 0. Animation speed can
be increased/decreased with the slider/speed bar shown above.

In some cases, it can be easier to see the mode shapes or vibrational amplitudes
without looking at the model’s solid or mesh displays. Here’s a snapshot of the
COMPRES.ROI sample problem first mode shape without the solid or mesh.

ARMD Shaft Viewer (CA blic\OE-Drive2\Y2012ARMDV58Projects\3DModelsForHel pFile\COMPRESSOR.R( - . A‘Q-@-E

File  View Project Help

| OuputSet: ROSTAB Mode Shapes + Output Set Property: 4 [ModeShope1R |v| © | ShapeAmplitude [3 ][] Mermslze By Sranch | Cursor Control Selector ) »
i et
: Enter sh litude here, then click "Shape Amplitude’ button on the left

Uranium Enrichment Centrifugal Compressor Rotor System et i e e

Operating Speed Range 6000 to 12000 Rpm.
I Two fluid film Tilting Pad Bearings at stations 5 and 10.

Viewpoirt
Rotation about:
Zoom X

& =
= =

Visibility: Show
Mesh Solid
Hlipses Center Lines.
Discs Bearings
Connections

B DE-
B ® DE-

Animation

(I crn s

!

I|Rela‘live Amplitude, scaled by Shape Amplitude |3DModelsForHelpFile

The red line represents the location of the center of the shaft at each station in the
model. Animating this view can show better detail of the precise motions including
relative phases at each station. This is accomplished by using the Visibility check
boxes positioned right above the animation controls (also shown below).

Wigibility: Show

Mesh Solid
Elipses Certer Lines
Discs Bearings

Connections
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7.6 Projects.

A project allows related files to be grouped together in a subdirectory. If a project is not
open, ARMD software will handle files as it did in older versions (e.g. V4.1GO or higher).
Project functions are available from the Project menu and include:

Project>New - prompts for a unique project name (up to eight characters). An
ARMD project file ((APF) is then created. The new project is
opened/activated.

Project>Open - prompts for an .APF and opens/activates the project it represents.

Project>Close- closes the current project. ARMD is now out of project mode.

Project>Rename- rename an existing project to a new, unique name.

Project>Copy - copy the files in a project to a new project. The .APF file is also
copied to the new project name (eg. OLD.APF to NEW.APF)

Project>Delete Project - deletes a project and all of the files in the project subdirectory.
The .APF file is deleted and the subdirectory is removed.

*** WARNING *** All files in a project subdirectory will be
copied/deleted regardless of whether ARMD or other software (eg.
word processor) created them!

Project>Add File - copy an existing file to the current project subdirectory. The file
does not have to be in a project subdirectory. This is useful for
moving older input files (Version 4.x or higher) into projects.

Project>Delete File - delete an individual file. The file does not have to be in a project
subdirectory.

Project>File Report - prompts for an .APF file and then displays a summary report of
all files in the project subdirectory.

Project>Project Report - displays a summary report of all projects available. Project
files (*.APF) are found in the main ARMD directory (eg. C:\Program Files\ARMDW).

When ARMD is in project mode, the status line will show the current project name in the
third slot from the right. Also, the "About"” box in the preprocessors and utilities can be
viewed to see what project is currently open.
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8.0 ARMD MESSAGES

Message/Reason: Location(s):
Can not delete currently open project Project menu

A project can not be copied or deleted if it is currently open or "active". Close the
project then try the function again.

Can not copy project to itself Project menu
A project can not be copied onto itself.

Can not delete .APF file (use Delete Project) Project menu
APF files represent a link to an existing project directory. Use the Delete Project
function to delete the project files, project directory and corresponding .APF file.

Can not delete configuration files (CFG,INI) Project menu
Configuration files used by ARMD software should not be deleted. This includes .CFG
files (RBTSFILE.CFG) as well as initialization files (ARMD.INI and RBTSGRAF.INI).

Can not delete executable files (EXE,COM,BAT,386,DLL,PIF) Project menu
As a safety feature, programs, batch files and overlays can not be deleted from ARMD.

Can not delete lubricant property database Project menu
The lubricant property database file, LUBPROP.DAT, should not be deleted because it
can be used by the bearing post processors, TILTBR (Assembly) and the bearing editor
of ROTLAT.

Can not reduce NPAD if pad is referenced JURNBR, HYBCBR
The number of pads can not be reduced if other parts of the input data reference the
pads bigger than the attempted value of NPAD. For example, if a three pad bearing has
a recess on pad 3 then NPAD can not be changed to 2 until the recess on pad 3 is
either moved or deleted.

COBRA was not found ARMDMENU
The rolling element bearing portion of ARMD software was not installed.

Different units in . XXX and .YYY files ARMD
Different units of measure are used in filename. XXX and filename.YYY. Either convert
the . XXX file to the same units as the .YYY file or vice-versa.

Error accessing lubricant property database ARMD
Error opening LUBPROP.DAT file. This could occur if the file was not installed onto the
computer. It may also occur if the Path entry in ARMD.INI is not set properly. Refer to
the installation section of the ARMD manual for details.
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Error accessing RBTSFILE.CFG RBTSTYPE
Error opening the RBTSFILE.CFG file. This could occur if the file was not installed onto
the computer. It may also occur if the Path entry in ARMD.INI is not set properly. Refer
to the installation section of the ARMD manual for details.

Error copying .HPI file, HYBCBR
Error copying .PSl file, JURNBR
Error copying .RPI file, THRSBR
Error copying .TPI file TILTBR

Error encountered when trying to copy the post input file when doing a Save As on the
current input file. There may not be enough disk space to complete the operation.

Error copying text output file, ARMD
Error copying graphics output file,

Error copying non-dimensional file,

Error copying mode shape file,

Error copying continuation file,

Error copying MIN file,

Error copying MAX file

Error copying output file from solver. The solver might have exited prematurely (e.qg.
error, user cancel) before the output files could be created. If a text output file was
created, check it for any error messages.

Error creating solver input file ‘filename.ext’ ARMD
Each solver requires at least one input file. For example, TORSION solvers require
TORSION.TOI as input. This error may occur if the input file is already opened by
another application. It might also occur if there is insufficient space on disk to create the
entire file.

Error creating temporary file ARMD
This error may occur if there is insufficient space on disk to create a temporary file.

Error deleting file Project menu
This could occur if the file is read-only or is in use by another program.

Error deleting project Project menu
Error encountered while deleting a project. This could occur if a read-only file or
subdirectory exist under the project directory.

Error importing damping coefficients from BRG.D, ROTLAT
Error importing stiffness coefficients from BRG.K
Error encountered while reading a bearing matrix file.

Error importing ROTLAT file TORSION
A ROTLAT input file could not be imported into TORSION successfully.
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Error loading file RBTSGRAF.INI templates RBTSGRAF
The initialization file for RBTSGRAF could not be read. Therefore templates will not be
available.

Error opening INTER.OOO JURNBR
Error opening CINTER.OOO HYBCBR
Error opening THR-POST.O00 THRSBR
Error opening TILPOST.O00O TILTBR

Error opening text file created by single case post processor.

Error deleting bearing file(s), ROTLAT
Error renaming bearing file(s)

Internal error when manipulating bearing files of ROTLAT configuration (e.g. insert,
delete). Contact RBTS.

Error running post processor ROTLAT
Error encountered when trying to run a bearing post processor from within the ROTLAT
preprocessor. There may not be enough memory available.

Error running INTER.EXE JURNBR
Error running CINTER.EXE HYBCBR
Error running THRPOST.EXE THRSBR
Error running TILPOST.EXE TILTBR

Error encountered when interpolation routine can not be executed from within a post
processor. There may not be enough memory available.

Field value ‘#’ is too large or small. Data range from M to N ARMD
A value was entered that is outside the range of acceptable values.

File does not match bearing DOF ROTLAT
Error encountered when attempting to import a bearing matrix file (BRG.D or BRG.K)
and the matrix size does not correspond to the degrees-of-freedom for the current
bearing.

File read error, ARMD
Error reading input file
Error encountered when trying to read an existing file.

File write error, ARMD
Error writing file to disk

Error encountered when trying to write data to a file. This could occur when the
destination disk is full.
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Input data not present ARMD
Error encountered when trying to perform a function that requires input data to be
present. Try loading an existing file or creating a new file before attempting this function
again.

Input file exceeds program capacity ARMD
The input file contains more data than the module can edit. For example, a 100 node
ROTLAT file can not be edited by a 60 node version of ROTLAT software.

Insufficient number of pivot
clearances in .SND file (NPC < 3) TILTBR
At least 3 pivot clearances should be specified before running ASSEMBLY.

Insufficient number of points for interpolation ROTLAT
There are not enough points in the non-dimensional file to generate bearing coefficients.
At least three are needed. For JURNBR and HYBCBR, make sure there are at least 3
eccentricities specified in the original input file and rerun the analysis if needed. In
TILTBR, make sure there are at least 3 pivot clearances specified in the original input
file.

Invalid axial/radial grid BEARINGS
An invalid grid network has been specified for the bearing. The axial/radial grid model
needs a minimum of two grid locations.

Invalid circumferential grid BEARINGS
An invalid grid network has been specified for the bearing. The circumferential grid
model needs a minimum of two grid locations.

Invalid clearance BEARINGS
An invalid clearance was specified for the bearing (e.g. negative).

Invalid deformation grid (check model) JURNBR, HYBCBR, THRSBR
An invalid grid network has been specified for structural deformation.

Invalid diameter BEARINGS
An invalid diameter was specified for the bearing (e.g. zero).

Invalid file format ARMD
ARMD software could not recognize the format of the file. If the file was created with an
older version of ARMD software, then convert it and save it in the new format. This
procedure is necessary when the input file format changes for a solver. In ROTLAT,
this error can also occur if a non-dimensional file was created with a version of ARMD
software that the current ROTLAT does not recognize. In this case, regenerate the non-
dimensional file and try again.
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Invalid filename specified ARMD
An invalid filename was specified. Check the user's manual of your operating system
for correct syntax.

Invalid inner radius BEARINGS
An invalid inner radius was specified for the bearing (e.g. inner radius larger than outer
radius).

Invalid groove angle BEARINGS
An invalid groove angle was specified (or internally calculated) for the bearing.

Invalid length BEARINGS
An invalid length was specified for the bearing (e.g. negative).

Invalid minimum film angle BEARINGS
An invalid minimum film angle was specified for the bearing.

Invalid node number TORSION
An invalid node number was specified. Check input.

Invalid outer radius BEARINGS
An invalid outer radius was specified for the bearing (e.g. less than inner radius).

Invalid pad angle BEARINGS
An invalid pad angle was specified for the bearing.

JURNBR was not found ARMDMENU
The JURNBR portion of ARMD software was not installed.

HYBCBR was not found ARMDMENU
The HYBCBR portion of ARMD software was not installed.

Lubricant property library file full BEARINGS, VISCOS
The lubricant property database contains the maximum number of entries supported by
ARMD software. If more must be added, then delete unneeded entries first.

Mixed units of measure RBTSGRAF
All data columns selected for an axis must have the same units of measure.

Model not valid ARMD
The model is incorrect because it contains one or more errors. View the error file to see
specific errors and warnings.

Must have at least 3 speeds ROTLAT

ROTLAT files must contain at least three speed conditions. The delete function will not
work if there are only three speeds.
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No axial points for deformation grid JURNBR, HYBCBR
No radial points for deformation grid THRSBR
No grid points have been specified for structural deformation in the axial/radial direction.

No axial points for variable grid JURNBR, HYBCBR
No radial points for variable grid THRSBR
No circumferential points for variable grid BEARINGS

No grid points have been specified for the variable grid in the axial/radial direction.

No circumferential points for deformation grid JURNBR, HYBCBR, THRSBR
No grid points have been specified for structural deformation in the circumferential
direction.

No datain file RBTSGRAF
The input file has no graphics data for plotting. If this is an output graphics file, verify
the contents of the original input file that was used by the solver to generate this output.

Invalid non-dimensional file specified. ROTLAT
If a bearing type is greater than zero, then a valid non-dimensional file must be specified
for the bearing. This is needed because the bearing coefficients will be automatically
regenerated before running the ROTLAT solver.

No printer drivers ARMD
At least one printer driver must be configured in the system to use printing.

Need at least one vector for ordinate RBTSGRAF
Need at least one vector for abscissa RBTSGRAF

No columns of data were selected for the ordinate axis. RBTSGRAF requires at least
one and at most 15.

Not enough branches available TORSION
There are not enough unused branches available in the torsional model to import the
branch of the rotor dynamics (ROTLAT) input file for append mode.

Not enough discs available TORSION
There are not enough unused disc entries available in the torsional model to import the
discs of the rotor dynamics (ROTLAT) input file.

Not enough elements available TORSION
There are not enough unused elements available in the torsional model to import the
elements of the rotor dynamics (ROTLAT) input file.

Not enough materials available TORSION

There are not enough unused material entries available in the torsional model to import
the materials of the rotor dynamics (ROTLAT) input file.
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Project already exists Project menu
This error can occur when trying to create a new project with the name of an existing
project. It could also occur when trying to rename a project to the name of a project that
already exists.

ROTLAT was not found ARMDMENU
The ROTLAT portion of ARMD software was not installed.

String not found ARMD
The specified string could not be found in the text. If case sensitivity was enabled, try
doing a case-insensitive search.

THRSBR was not found ARMDMENU
The THRSBR portion of ARMD software was not installed.

TILTBR was not found ARMDMENU
The TILTBR portion of ARMD software was not installed.

TORSION was not found ARMDMENU
The TORSION portion of ARMD software was not installed.

VISCOS was not found ARMDMENU
The VISCOS portion of ARMD software was not installed.

BEARINGS
Warning: Too many cases in file (file will be truncated)
If a file has more cases than the post processor can handle, the extra cases will not be
read. NOTE: These extra cases will be lost if the file is then saved or if the interpolation
routine is executed.

WARNING: User options meant for different file type RBTSGRAF
This warning occurs when the graphics file extension does not match the file extension
of the options file.

Zero length file RBTSGRAF
The input file contains no data (size equals zero bytes). If this is an output graphics file,
verify the contents of the original input file that was read by the solver to generate this
output.

e0914 - Bearing #, Speed #: Invalid stiffness matrix ROTLAT
Stiffness matrix for bearing at speed condition is invalid (zeros along diagonal).
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e0908 - Element #: Invalid length, ROTLAT
e0908 - Branch #, Element #: Invalid length TORSION
Element has length less than or equal to zero. In TORSION, an arbitrary length should
be specified for flexible elements (Type 3) to avoid divide-by-zero errors when
calculating mode shapes.

e0805 - Element #: OD1 <= ID1, ROTLAT
e0805 - Element #: OD2 <= 1D2, ROTLAT
e0805 - Branch #, Element #: OD1 <= ID1, TORSION
e0805 - Branch #, Element #: OD2 <= ID2, TORSION

Outer diameter of element is less than or equal to inner diameter. Outer diameter
should be larger than inner diameter.

w0810 - Element #: Uniform element ID1 !=1D2, ROTLAT
w0810 - Element #: Uniform element OD1 != OD2

Warning given for uniform elements when diameters at either end of element do not
match each other.

e0806 - Insufficient connectivity in system TORSION
Not enough connections were specified for a system. If a system has N branches, then
it should have at least N-1 connections. For example, a three branch system will have
two connections.

e0807 - Branch #: No elements specified TORSION

A branch was specified that has no elements. Every branch should contain at least one
element.
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9.0 USER FEEDBACK REPORT
Instructions

Use this form to report problems or recommend enhancements for RBTS products. Please

email, mail, or fax the form to:
RBTS, Inc.
1041 West Bridge Street

Phoenixville, PA 19460, USA

Tel:  (610) 415-0412

email: support@rbts.com

Fax: (610) 415-0413

User

Name: Email:
Company: Telephone #:
Address:
Check: [ ] Software Problem [ ] Software Enhancement

[ ] Documentation Problem  [] Documentation Enhancement

[ ] Other (please specify):

Software

Name of Software: Version of Software:

Name of Operating System and Version:

Hardware

Computer Manufacturer/Model Name

Is your computer connected to a network (yes/no)?

Is your computer connected to a docking station (yes/no)?
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Description

Please describe the problem/enhancement below. If it is a problem, please include information
on reproducing the anomaly:
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Purchasing Options

ARMD is constructed from various solution modules.
It can be tailored to suit your needs and budget. You
may purchase any combination of programs/modules
or all if you wish. Licensing is available as a single
seat or multi-seat network configuration. With your
purchase, the package includes the software (CD or
download), quick start manual, electronic user’s
manual, technology transfer and training session
(optional), updates, maintenance, and support.

System Requirements:

Personal computer with Microsoft Windows XP, Vista,
Windows 7, Windows 8 or higher (32 or 64 bit).

Remember, with reTs, you get more than

just the programs, you get the company with more than
50 years of experience in the areas of tribology and
machinery dynamics.

For further information, please contact us.

9¢[C0) RBTS, Inc.

Rotor Bearing Technology & Software
1041 West Bridge Street
Phoenixville, PA 19460

USA
Telephone: 610-415-0412
Facsimile: 610-415-0413
Web: www.rbts.com
Email: info@rbts.com

™
ARMD - the worldwide Leading Software For Rotating Machinery Analysis

Advanced Rotating Machinery Dynamics

ARMD is a well established software package used worldwide to
perform complete rotating machinery dynamic analysis. ARMD
employs a user-friendly interface and window environment with pull-
down menus and context-sensitive help. ARMD integrates the most
advanced and complete rotor dynamics, torsional vibration, and
bearing analysis programs under one environment in a seamless
fashion to give you the power to model your rotating machinery with
ease, efficiency and above all accuracy. Some applications in which
ARMD has been utilized include rotating machinery such as a
miniature air turbine for a dental drill, a large turbine generator set for
a power plant, a small compressor for an air conditioner, a pump for
an artificial heart, a fuel pump for a jet engine, an electric motor and
spindle for a miniature computer hard disk, a canned pump for
petrochemical processing plant, synchronous motor driven drive-
trains, and a gear box for an Uranium enrichment plant.

RBTS' software has gained international
reputation for its:

¢+ User Friendliness
¢ Support & Service

¢+ Technical Capabilities
¢+ Completeness

RBTS. inc

Rotor Bearing Technology & Software
1041 West Bridge Street
Phoenixville, PA 19460, USA






