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V 6 . 1 The Worldwide Leader in Software for Rotating Machinery Dynamics

The torsional vibration package uses a finite-element based formulation for performing
damped and undamped torsional natural frequencies and mode shapes (TORNAT),
steady-state (TORHRM) and time-transient (TORRSP) response of mechanical drive
trains. The three sub-modules are integrated by TORSION's user interface. The user
interface controls the sub-modules to provide a complete torsional vibration analysis
environment. TORSION accepts/imports models generated with the rotor dynamics
package “ROTLAT” and has advanced modeling features and capabilities including the
modeling of multi-shaft/multi-branch systems, coupling stiffness and damping, gear tooth
flexibility, stiffness/mass/inertia diameter, torsional springs to ground, various types of
external excitations, synchronous motor start-up torque, compressor load torque, user
specified time varying torques, electrical faults for motor and generator, and many others.
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® The release of RBTS' ARMD Version 6.1 Torsion is a major milestone in the product’s
development history, rolling out a completely new and improved graphical user interface
for the package with enhanced numerical capabilities and features. The software’s front
end was redesigned with our customers’ and industry’s input to incorporate the most
logical, efficient, and productive techniques to model and analyze complex multi-shaft
systems for torsional vibrations.

ARMD TORSION users will immediately see the improvements as element, shaft, and
system data are presented in a flatter format, with key fields and analysis options readily
visible and accessible from the main data entry screens. Engineering productivity to design
models is vastly improved as shafts and systems can be easily imported from user-
generated component template models. Furthermore, the ability to simultaneously run
multiple instances of the program permits rapid side-by-side comparison of results.

By identifying new trends from industry standards, along with RBTS’ involvement in
turbomachinery standards revisions, new technical features were added to the software.
Addition of equivalent torsional stiffness diameters, better handling of shaft connections,
expanded user-defined torques application, and better access to temperature dependent
properties all combine to provide more accurate modeling and better matching of analysis
results to actual system empirical results.
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ARMD™ V6.1 — TORSION Package

Among The Enhanced Modeling, Usability and Technical Features are:

» Improved TAB layout. Redesigned for more direct and faster access to data input locations, and
results. - Important functionality is brought forward into the TAB structure, thereby eliminating the
need to select from drop down menu lists and mouse right-click drop down menu lists.

T System E @

Branches | Materials | Elements | Connections | Discs | Springs

All Elements | Branch 1 Elements | Branch 2 Elements

L“S:hngl GeE:'l?atr:.r Taper Llength ©D1 ID1 OD2 D2 Stﬁz;nss S}fr::f:r Stiffness  Damping  Inertia EEE h[:gim:r MName
E= 1 1 (] 10| 75(236| 75|23 [ ] 0.0 |MOTOR NDE
El|r 2/ ¢ O [ 40| 2o BB sof23] O O
+2 3 1 [l 00| 90|236| 90(236| [ O
=N 4 1 200| 50/(236| 110|236 [ O

= - Options- - - i-:

Description | Matural Frequencies / Mode Shapes | Steady State Response | Time Transient Response | Output Options

Contral / Constant Speed / Startup options | Material Fatigue / Life Data | Gear Backlash

Contral parameters Constant speed / startup and shutdown options
Time step size for integration (sec) 1.000000=-04 'S Perform Time-Transient Response at fived speed
’ " using the following features:
MNumber of simulation time steps: 120000
el | Applied Torque Tables | [ S

L | Steady State Hamonic Torques | Time Transient Torques

Predefined Extemal Torques | Speed-Dependent Torques | User-Specified Extemal Torques | Synchronous Motor Torques | Blectrical Tongues

Branch Station Start Time CSV File Status Browse Edit MName
3 1 1 & XY My TData_01.cav Found Torgue data from C5V file.
< >
Ok Cancel Help :
- P!

User Specified Terque File Mame

» Multiple instances of TORSION. The newly developed package can now open simultaneously
multiple instances of TORSION, so shafts and component models can be moved easily
between different models, also allowing fast, side-by-side comparison of model variations and
analysis results. This functionality permits multiple instances of TORSION Version 6 or Version
5.8 to be accessible on your screens.
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ARMD™ V6.1 — TORSION Package

Many of the improvements incorporated into the ARMD TORSION Version 6.1 are specifically
directed towards simplicity, increasing usability and increasing productivity as illustrated bellow:

Auto Mathematical
Convert expressions evaluator
(i-al TORSION (C\Users\Public\Documents\ARMDB0\TQRSION\Samples\SYNC-MOT.TOI US) - B n

File Edit Options  Applied Torgues Run  View Tools indow _ Project Help

(1 New [ Open | Save | # Cut [ Copy [ Paste System Model | |[_] Convert Units || Insert Value: |[E{ESrEai: L)) E=hE]

= fo)e
Tabs Branches | Materials | Elements | Connections | Discs | Springs /Si_:lffness Element
Al Elemerts | Branch 1 Blements | Branch 2 Elements Dlameter / Proper‘ties
) U . U .
o mjtn_lebn::_ Getl::atry Taper Length OD1 D1 0OD2 D2 StgfiEESS [S)}'aﬁn?:tser Stiffness Damping  Inertia r\[&z I'\[E;:?:::r MName
= 1 1 O 110| 75|236| 75(236] ] O 0.0 [MOTOR NDE
Elr 2| 1 O 140 soERY =023 O 0 0
22 3 1 ] 00| 90(236| 30|23 | O O
Tool N 4 1 200| 90(236| 110236 [ O
St.—< R 5| 2 O 150|140 00| 140| 00| [J O 0.0 |MOTOR CORE
np 6| 2 O 200 140 | 00| 140 O O 0.0 |MOTOR CORE
7| 2 v LJ 150[ 140 00| 40| 00| L] 0.0 [MOTOR CORE
8 1 200| 110| 00| 90| 00| [ O
| 9 | 1 O [ wo| so|oo| sofoo| O O
L = 10 1 O 140| 80| 00| 80 O O
11 1 O 00| 80| 00| & O O 0.0 |MOTOR DE
12 3 O 270| 70| 00| 7.0 O O 0.0 |LS COUPLING
13 1 O 20| 75| 00| 75 O O 0.0 |LS GEAR SHAFT
14 1 O 230 160 00/ 160 O O 0.0 |LS GEAR
= Ok Cancel Help /' Check for System Emors Y
Inner Diameter of |eft-hand side inch \ Data
T validation
= Moverow Up +] Change material E- Colorrows
o
2 _
& [ Moverow Down 4@ Undock = Get Summary
8 2 Split Element Mark/unmark [l Reverse order of
= elements element on a branch

+n Divide element into N elements

» Evaluate Mathematical Expressions. When entering data to cells, data entry field has the ability
to evaluate mathematical expressions, without having to launch a calculator app.

» Whole Number. Display for improved legibility, defaulting to scientific notation when required.

» Auto Convert Units. Automatically computes the units conversion when modeling a system with
different components using mixed Sl and English units. Example: You have a few inch
dimensions to enter amongst hundreds of mm values, just check the box for auto conversion.

» Automatic Cell Validation. Performed at Data Entry time. The program now reviews data grids
for incomplete, invalid, or nonsensical entries, providing an Error Flag and correction
recommendation. This applies to mass-elastic data fields, user defined torques, and required
solver data inputs.

» Data validation error diagnostics quickly walks user through any model input errors. A mouse
click navigates the user to the next error found.
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ARMD™ V6.1 — TORSION Package

» Row Tagging. Row marking/tagging for quick identification and rapid recall, advantageous for
multi-shaft systems with very large numbers of elements.

» Round Function. Round function for data entry fields —
is accessible from the Tools menu, and can be declared
for all data fields.

W

Enable Units Conversion from Expression Evaluator

1 Enable Rounding Button

Set Rounding Precision

» Tool Strip/Bar and Buttons. Replace hidden right-click menus to provide enhanced visibility of
functions and features.

» Data Entry Grids. All data entry grids can be open simultaneously for ease of model building.

<0 TORSION [C:\Users\Publie\Docurments\ARMDEI,TORSION Semples\ SYNC-MOT.TC
File Edit System Options Applied Torques Run  View  Tools Window  Project  Help
3 New 5 Open I Save | & Cut @ Copy @ Paste B System Model | Frsen Value:

- Applied Torque Taties

i System
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%Spood  roeue  Torque
E 21 [ W 0| 80 238 2
*2 1 1 E 1 o0 1500 .0
a1 | @ 00| 90 238 90 2
C a1 | W ¥ |0 50 238|110 238 | 2 300 1420 750
M 5|2 | W 150 140 00| 14 ) v so.0 [T 770
4 6|2 & 200 140 00| 14 [ a 600 1310 200
¥ 72 W 150|140 00 14 [l 5 00 1260 80 ]
u- 8|1 | W ¥ |20 1o oo a0 oo Pl PR BT s
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Gonol [ Gonstant Speed | Srup optans | Mawaal Fasgus | L Data | Gess Backiash

Ceetred pammatees Constant speed | sartup and shutdown opsicns

y isgraiion fsec] 1.000000e-04 Parform Time-Transent Aosponse et fued spoed
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» Data Entry Menus. All data entry menus are visible at the Grid input page. Grids now feature
selection check boxes and editing buttons where appropriate.

> One-click QU ick Chart. & Synchronous Motor Torque ... \E”EHE| [ Graph: Quick Chart EI@
. . % Torque vs % Speed
This feature rapidly APy e
displays an X-Y graph of : i i Shogie
entered tabular data for ! 120
visual verification of 2 ! |
correctness. ARMD 4 110
. . @O
Graph software is still - 2.0
available for complete - f
graphic analysis 8 9%
capabilities. | g
10
a0
[ ok | [cancel | [ Help | 5 = 100
% Speed
Percent of Oscillating Torque dimensionle:
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ARMD™ V6.1 — TORSION Package

» All Branches. All branch element data is presented on a single grid form allowing simultaneous
access to all branch elements of a multi-branch system. This new presentation is much more
user efficient for data entry and multi-branch model review.

= System =8 =0
@@ Elements | Connections | Discs | Springs |
All Blements |Branch 1 Blements | Branch 2 Bements Diameter
L)
E’f;;‘r Hfmeg:l Geg;;w Taper Llength OD1 D1 0OD2 DY Stsrl':i;ns gf;;§ Siffness  Damping Inertia
1 1 1 O 10| 75|236| 75|23 O 0.0 0.0 00| 00
2 [ 1 1 O 140 s0|236] sof23[ O 0.0 0.0 00| 00
3| 1 1 O 00| 90|23 90|23 O 0.0 0.0 00| 00
4| 1 1 200 90236 10|23 O 0.0 0.0 00| 00
5| 1 2 O 150 140| 00 140] oo O 0.0 0.0 00| 00
6| 1 2 O 200( 140 00| 40| oo O 0.0 0.0 00| 00
::rf”CL 71 1 2 O 150( 140] 0o 140] oo O 0.0 00 oof oo
B+ | + | = | @ | 20|10 oof sof oof m | oof oo o] og
s) IR i
10| <> Shaft Element Selection Summary forRows8-11 = B
L1 1 [shafc Length = 54.0 incn
‘ aft Weight = 967.4572 lbf
12 ! 3 D | haft Inercia (WR®) = 10222.04 lbf-in*
13 1 1 M Wllch=fc Stiffness = 1.194514e+408 in-1bf/radian
— 14 ! ! D lTDt-al Inertia (WR®) = 10222.04 lbf-in® (Shaft + Disc)
5| 2 1 O ‘
Branch 16 2 1 O L =
#2 T 7 2 3 [ ] 20| 32| 00| 32| 00| O 0.0 | 5500000:+06 00| 00
18| 2 1 O 60| 40| 00| 40| oo O 0.0 0.0 00| 00
L 1] 2 1 O 107 45| 00| 45] oo O 0.0 0.0 00| 00,
£ >

= | Ok | | Cancel | | Hep | / Checkfor System iy |

|Element Branch Mumber |

» Stiffness Diameter. Can be used to enter the equivalent mass-elastic properties of complex shaft
sections, motor lamination stacks, shrunk on disks, etc.

> Time-Transient PR _ e Edit Torque Curve - O - |
_ . ppli orgue Tables
User Defl ned |Steady State Harmonic Torques| Time Transient Torgues | Uriits
Torq ues. User | Predefined Extemal Torques | Speed-Dependent Torgues | User-Specified Extemal Torgues E @ us O 3l
has Complete Branch Station Start Time CSV File
freedlom.to . » 1| 1] s 005 — S_— "
SpeCIfy, |nC|Ud|ng . 1 0.0005| 58364.34643
predefined 5 0.001| 1125967434
external torques, o | [ Corcel | 3 0.0015| -74634.25532
speed dependent 4 0.002| -166022.0528
[User Specified Torque File Name

torques, user- 4 5 0.0025 L
specified external 6 0003] 3781692529 v
torques, harmonic torques, synchronous motor torques,
and electrical torques. User defined external torques can | Save | Savehs | Cancdl | Hep |
be prepared in a CSV file and linked to the torsional model
as shown here. [Torque Magnitude [in-Ibf
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ARMD™ V6.1 — TORSION Package

» Shaft Material Temperature. Material operating temperature is readily input and enabled, to
capture the temperature dependent material properties and the effects upon torsional modeling.
Particularly useful for shafts in high temperatures applications like steam turbines, rolling mills or

extruders.
= Systen | =
: Material Materia
Branches = Materals | Blements | Connections | Discs | Springs é/'Temperature Library t
Use e
Young's . ; Operating Damping Values
Modulus Shear Modulus Density OEremtlng Temperature Factar MName From
emp Library
b 1.150000e+07 ozed| [ 00| 2500000e-04 |STCCL
2 3.000000e+07 | 1.150000e+07 | 1.000000=-04 O 00| 250000004 |Steel Mo mass
3 3.000000e+07 | 1.150000e+07 | 1.000000e-04 O 0.0 0.0025 | Steel Mo mass
- Ck Cancel Help Check for System Emors =
Material Young's Modulus of Elasticity PSl

» Shaft Connections. Better handling of shaft connections for multi-speed systems. The
reference shaft and its associated speed are selectable, allowing the analysts to see speed-based
variable-stiffness effects upon the model.

» Shaft Connections Specification Form. Optional full linear connection display between shafts
with the ability to specify stiffness and damping values, all on one form.

o System El@
Branches | Materials | Hlements | Connections | Discs | Springs
Flex. Select
From From To To T Material S Dampi Conn. Ee N
o Branch Station Branch Station ¥pe MNumber ness amping Ref. Outorut ame
Branch p
oo 1 A 2 1|Rigd | v 0 00 oof 1| O
= Ok Cancel Help Check for System Emors N
Connection From Station
w0 Options E@

» Selectable Output Units.
Selectable Frequency Units
between CPM or Hz, in

Description | Matural Frequencies / Mode Shapes | Steady State Response | Time Transient Response | Output Options

Natural Frequencies and Mode Shape Options

Prefemed Units Selections

accordance with the user’s
preference, or the industry
standard format can be set simply
by checking a box in the options
form.

(®) Compute all natural frequencies and the
(®) Cycles/Minute
first 6| mode shapes

() Compute natural frequencies and mode shapes

() Hertz

below 0 cycles/min

Damping Options

Ignore all damping {.e. undamped analysis.)

Ok Cancel Help
= [

Matural Frequencies / Mode Shapes
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ARMD™ V6.1 — TORSION Package

» Import of Models. Import a complete TORSION multi-shaft system or only a single shaft from
another TORSION input file. Imported shafts can be included on new system models either by
inserting into a shaft, or appending to a shaft model. A powerful modeling tool to efficiently model
like or similar systems in rapid fashion.

o

TORSION (C\Users\Public\Documents\ARMD60\Project\ TORSION-60-ProjectFolder\SYNC-MOT-Expanded.TOI US)
Edit  System  Options Applied Torques Run  View Tools Window  Project Help

- o N

3 MNew Cut Cop: Paste | __ = =
NS Open G - [t Open ROTLAT or TORSION input file =)
=
I save Gk ARMDED » TORSION earch TORSIO
Al Save As...
4 Convert Units Organize » Mew folder 4= - (7]
+ ~ .
Favorites Mame Date modified Type
Recent Files 3 L i
& Bit B Desktop Samples
4. Downloads Templates

‘| Recent places

Import Shaft(s) from Tarsion

T SYNC-MOT.TOI

@ Import Single Shaft |

| () Import Complete System |

Single Shaft Impart Options
(®) Add shaft as new branch

() Append shaft to existing branch

Select branch #to import w

[X]

TORSION Input

ROTLAT or TORSION input files »

Open Cancel

TORSIOM-60-ProjectFolder

~
nertia
SEE7.938
shaft stiffness =
5.459198s+88 1n-
1bf/radian
v

[ Uniform Display Scale
Display Station Number
Display Filed Symbols
Display Scaled Discs

Diisplay Branch

Al -
Connection View:

Stub -
Mode Shape:

None @

[7] Scale Mode By Branch
[] Animate Mode Shape

Animation Speed

Zoom

Key Commands

System Model

CAUsers\Public\Documents\ARMDE0\ProjectiTORSION-60-ProjectFoldenSYNC-MOT-Expanded . TOI

SAMPLE PROBELEM NUMBER 3.
TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC.
TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM.

3. 5YNCH. MOTOR

2. COMPRESSOR 257G

1. 8YNCH. MOTOR

=N EER (TS

Imported
Branch not
connected yet.
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ARMD™ V6.1 — TORSION Package

> Import of Models (continued).

Shaft models can be flipped from left to right with a single button click.

= System =N EcR| ===

Branches | Materials | Elements | Connections | Discs | Springs

Total Elements Speed Branch Mame

E 1 14 | 1800.0 | SYNCH. MOTOR

E 2 11 | 10800.0 | COMPRESSOR 257G

m » 3

e Elare ot §
Reverse Elements
== |t

o Ok Cancel Help A
Branch Total Elements (use branch element tabs to change)

E | Mawve Branch Up (Ctrl Up) |
Mave Branch Up (Ctrl Lip)
P P
m | Reverse Elements |:

Shaft models can be moved up or down in the system model with a single button click.
Shaft elements can be moved along the shaft in either direction with a single click.
Shaft elements can be divided into a user specified number of smaller elements, while

retaining the overall geometry (length, OD, ID, etc.) in the process.

e 3. SYNCH. MOTOR
Uniform Display Scale

Display Station Number
Display Filled Symbols
Display Scaled Discs

Display Branch
Al -
Connection View:
Stub @
Mode Shape: 2. COMPRESSOR 25TG
Mone @

[] Scale Mode By Branch
[ Animate Mode Shape

Animation Speed

Zoom 1. SYNCH. MOTOR

Key Commands

Flipped &
Connected

= System = SR
Branches | Materials | Elements | Connections | Discs | Springs
Flex.
From From To To T Material St Dampi Conn. S?Ed N
-l Branch Station Branch Station ¥pe Number ness amping . Outorut ame
Branch P
1 1 15 2 1 |Rigid |+ o ] 0.0 1 O
roo2 2 1 1 |Rigd |v 1 0.0 0.0 1] O
£ >
e
101: A . Ok Cancel Help Check for System Emors [
e.8 = -‘_Ll
op2: Connection To Branch
11.8ID2:
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ARMD™ V6.1 — TORSION Package

» Import of Models (continued).

Shaft element data entry grids can be detached from the System Form to allow multiple shaft
element grids to be modified concurrently.

o

e System == |[=]
Branches | Materials | Elements | Connections | Discs | Springs
All Elements | Branch 1 Elements anchZEIementsI
; Use ; Use - "
Branch Material LUse 2 Stiffness . . ¥ Cynamic
Number Number Geometry Taper Llength OD1 D1 ©OD2 D2 Stgfigﬁ_lss CRamidir Stiffness Damping  Inertia I'\[g; Magrifier MName
M Il 00 [ 1o 75(236] 75(236] [ 00 00 ool ool [ | oo[wotormDE
x 2| i e Branch 3 Elements, close to re-attach to the Shaft System Form ===
— F
3 1
- . Use ; Use - 2
4= a| 1 Moo ooy Teper Lengh OD1 D1 0D2 D2 Sifness SWiNSSS Siffness Damping Inetia om S
5 1 3
« E BN O | 230|160 oo| 60| 00| O 00| oo 00| oo O 0.0 |LSGEAR
. 1 E 2 1 O 210| 75| 00| 75| 00| O 0.0 0.0 0.0 00| [ 0.0 | LS GEAR Sk
2 1 m +2 3 3 O 70| 70| 00| 70 00| O 0.0 0.0 0.0 oo| O 0.0 | LS COUPLIN
g 1 =N 4 1 O 00| 80| 00| 80| 00| I 0.0 0.0 0.0 00| [ 0.0 |MOTOR DE
10 1 N 5 1 O 140| 80| 00| 80| 00| I 0.0 0.0 0.0 00| [ 0.0
11 1 & 1 O 00| 90| 00| 90| 00| O 0.0 0.0 0.0 00| [ 0.0
12 1 7 1 20| 90| 00| 0| 00| O 0.0 0.0 0.0 00| [ 0.0
13 1 - H 2 O 150| 140| 00| 140| 00| I 0.0 0.0 0.0 00| [ 0.0 |MOTOR COI
gE 5 2 O 200( 140| 00| 140| 00| [ 0.0 0.0 0.0 00| [ 0.0 |MOTOR COI
< 10 2 O 150| 140| 00| 140| 00| I 0.0 0.0 0.0 00| [ 0.0 |MOTOR COI
11 1 200( 10| 236| 990|236 [ 0.0 0.0 0.0 00| [ 0.0
= 12 1 O 00| 90|23 | 90|23 [ 0.0 0.0 0.0 oo| O 0.0
Element Branch Mumber 13 1 [ [l 14nl anl 2| anl 23kl 1 0 0 0 nnl 1 nn e
< >
B

» Create Templates . Templates can be created for shaft component assemblies for TORSION
model input files, allowing for quick access to, and rapid construction of, new multi-shaft systems.

» Text Output Viewer. User selectable text output viewer that can be Word, Open Office Writer,
Notepad, WordPad, or any other program which accepts text file input. Setting are specified in
the ARMD Settings form from the help menu.

)

General | 2 DOF Layout | Recent Lists

ARMD Settings

[] Application maximized at startup

[] Do not always display solver output

Grid & Materal Colors | Model Colors and Fonts | Advanced

[[] Always save data on solver un
[] Sort grids during data entry

Text Viewer
) WordPad () NotePad (@) Other
Text Viewer Path:
~-\Program Files (36 Browse...
Prefemed units
(®) US Customary/Engiish () SI/Metric
Prefered frequency units
(@) Cycles /min (CPM) () Hertz (Hz)
Prefemed damping output units (Rotordynamics graphics only)
(® Critical Damping Ratio (O Log Decrement
Restore Defaults
Restore all settings to default Restore Defaults
0K Cancel Help
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ARMD™ V6.1 — TORSION Package

» 2-D GRAPHICS MODEL.

Real-time graphics update of the 2-D image corresponding to numeric data input in data
grids provides visual confirmation of model correctness while building system models.

L System Model o | G ekl
CoALK ARMDBITORSIC TNC-MOT TOI

SAMPLE PROBLEM NUMBER 3.

TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC

TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM

Uniform Display Seale

7] Display Station Number Ay e R i -.m!h

7| Display Fillad Symbols
| Disploy Scaled Discs

Display Branch
Al

Connecton View.
Stub

Made Shape:
#1: 1495E+3cpm

¥| Scole Mode By Branch
Animate Mode Shape

.ﬂn V
3 1. SYNGH. MOTOR
Animation Spead --. ‘

Zoom

Ky Commands

2-D Model auto resizing gives user the option to “fit-to-page” complete models or single
branches. User can automatically view the model with the correct aspect ratio, thereby
permitting rapid, visual model review.

2-D model viewer mode options now include:
Single Branch View.
Auto Scale to Width for the complete model or a single shaft.

Stub Shaft View to represent large, multi-shaft models in a simplified fashion.
Auto Aspect Ratio presentation.

=0 System Model =L @

ID1: » C\Users\Public\Documenis\ARMDBO\TORSIONSYNC-MOT.TCI

SAMPLE PROBLEM NUMBER 3.
|¥/| Uniform Display S TWO BRANCH SYSTEM,; MOTOR-GEAR-COMPRESSCR DRIVE TRAIN. 0 TO 12 SEC.
] Display Station N = TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM.
/| Display Filed Sym
[] Display Scaled Di

£ ST 4 *
ey |© | L T L Y]
1 ;

< 1 3

Interrogate an element using the 2-D Model Viewer to see all defining element data in a
side-bar data window.

Element selection with control keys within the 2-D model viewer permits easy identification
of particular cells within large models. This is useful for closely spaced, thin elements.

Rotated view option for copying the 2-D model graphic to the clipboard.
Metafile enabled copy and paste of system models and graphics for better report graphics.

Tool panel has been added on the 2-D display window for enhanced graphics control and
better visibility of display options.
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>

Steady State
Response.
Performed at
specified speed
or as a function
of speed with any
harmonic
excitation at any
shaft location.

Results include
element torques
& stresses,
station angular
displacement,
velocity and
acceleration, etc.

ARMD™ V6.1

TORSION Package

U0 Options

[ ][ O]

| Description I Matural Frequencies / Mode Shapes | Steady State Response | Time Transient Response I Output Options|

Branch#1 Speed Range Options

) Compute steady state response at branch #1 speed

) Compute steady state response at 885

(235.0 RPM)

E N
20U

RPM

@ Compute steady state response over a range of speeds as specfied hers:

Minimum speed

Mazdimum speed

Speed increment

540.0 RPM
13200 RPM
1.0 RPM

4

L

s

m

T Applied Torque Tables

Steady State Harmonic Torques |T|n'|e Transient Torques | Hamonic Torgue Import Files

(=8 =]

.
14 P

3

4

5
Harmenig

Branch Station Hammonics ngrlte Impo§ e Table No. Phase
5 1 :][ Marual '[MEII"ILIEI| A
-ln-l[ e - s
5 1 IManuaI VIManual hd
L0 Steady State Torque Effort 2
Harmonic Sine Cosine
Order Component Component
oo 275652.0 0.0
[ ok | [cancel | [ Heb |

Harrmonic Order

dimensionless

C:\Users\Public\Documents\ARMDG0\TORSION\torhrm_03.teg

Torque as a function of speed

0.0 | 1st Order Bxcitation & Station 5

-|m

(0.0 | 3rd Order Excitation & Station 5

EE@ 0.0 | 4th Order Excitation @ Station 5

0.0 | 5th Order Excitation & Station 5

MName

Help

Cutput Element # 2

Hazimum Torgue
Hinimum Torgue
Hean Torque
Peak-to-Peak Torgue

-

031sa] = B i
dow Help
T e I z

- X
ive AO0-1200 rpm —
th Flywheel - 1000 KU Motor o

itation At Compressor Stub Shaft

IBRATORY TORQUES <<<

3.600
3400
3.200
3.000
2.800

2600

2

52400

g2200

2000

£1.800

=

21,600

s

=1.400

=2

=1.200%
1.000
0800 ¥
0.600
0.400
0.200

900

950

Speed (RPM)

1,000 1,050

1,101

0700
g
& 0.600
!.’.‘

D 00

0.400

Ang Disp

0.300

0.200

0100

#2-#3 - ELDZ
E n—1bf) Stress = 183 44 psi
n—1lbf) Stress = —-172 .90 p=i
n—1bf}
n—1bf) Max. occurs @ 643.0 rpm
Hame = 4HOS Throw #4- Drive End - E104 m
= 22008.19 {in-1bf} Stress = 364 .45 psi
= —-20721.10 {in-1bf) Stress = -343 14 psi
= 0.00 {in-1bf)
= 42729.29 (in-1bf) Hax occurs @ 643.0 rpn  _
b
2 x
—&— 4HOS Throws #2-#3 - EI02
—— 4HOS Throw #4- Drive End - E104 L ReadbiE
—— Flexible Disc Coupling - EI05
—+— Motor Drive End - EI#06
—&— Motor Shaft @ Brg - EF#08
Motor Core - ER14
‘\Users\ PubliciD \ARMDE0TORSIONarhm_0%.tsg
Displacement as a function of speed
4% —Z— Comprassor Aux Dive End - ST (d)
1 Compressor Aux Drive End - St#1 Hn= 1.00 (d)
0500 Compressor Aux Dirve End - SU0 Hn= 2 00 {d)
—+— Compressor Aux Drve End - 5181 Hn= 3.00 (d)
0800 —— Compressor Aux Dive End - 5181 Hn= 4.00 (d)
Compressor Aux Drive End - St#1 Hn= 5.00 (d)

0.000

800
Spead (RPM)

1,000 1100

1.200 1.300
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ARMD™ V6.1 — TORSION Package

» Generator/Motor Electrical Excitations. Among the features incorporated in TORSION package
are electrically-induced, time-varying exciting torques associated with generator and induction

motor operation that include: Generator

1: 3-phase short circuit
2: Line-to-line short circuit
3: False coupling short circuit

Induction Motor

4: Start from standstill

5: 3-phase short circuit at terminals
6: 2-phase short circuit at terminals
7. High-speed automatic reclosing

_ 7 Graph: Default =@ E‘
e Applied Torque Tables [oo == c toRsion: 3_FalseC_short_sample o3
Steady State Harmonic Torques | Time Transient Torques
- —— Elecirical Torque No_ 01
Predefined Extemal Torques | Speed-Dependent Torques | User-Specified Extemal Torques | Synchronous Motor Torques | Electrical Torques _
5000
Branch Station Type Torque Frequency  Coefficients Start Time Name False COUp“ng
» 1 1 1| False coupling short (gen) 6000.0 50.0 10 L%Aooo short circuit
Jphase short (gen) w
Line4o4ine short (gen 53000
Start from ;é?,dgﬁu (motar} == Electrical Torgue Coefficients = E ;
Jphase short (motor) gz 000
a‘gnf;ese?:‘_,‘gm;g motar) Equation: Type 3. Generator, False coupling short circuit " 1000
Magnituds { fyom ) 600D 0 Frequency (£ ): 50,0/
Equation 0009
1.000 1200 1400
T, (t) = tpomlA+ Be?® + (Csin(2mft) Time {s)
+ D cos(2mft) - e¥)]
¢ Graph: Default =
C:\WUsersiF RMDEITORSION! i_FalseC_short_sample.trg
Coefficients
A 0.0233 —— Eim #002-Brm 201
B 5083 2000} System Response
b -17.033] Inverse Seconds -
a
< (& 5.045/ ] .u 1.000 |
— =
D 3,119 r
Bk 18.792 3 i
= d -18.7 Inverse Seconds g 0.000
Electical Torque Type, range is 1-7
1,000 +
Cancel Help
=3

» Startup characteristics of synchronous motor, user-specified time-transient external-torques, &
calculated system response torques are available in the graphics output file.

e Graph:
C:UsersiPubliciDocuments\ARMDEMTOR SION! Samplesi 5YNC-MOT.trg
DRIVE TRAIN START-UP RESPONSE

(=8 =]

LOW SPEED SHAFT TORQUE

— Speed (pm)

e | Motor Startup Speed

| Low Speed Shaft Torque

s
Time {5}

MOTCOR START-UP TORQUE

&
Time (s)

HIGH SPEED SHAFT TORQUE

Motor Startup Average Torque

High Speed Shaft Torque S —

4 &
Time {s)

B
Time )
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™™
AR M D Advanced Rotatin

Version 6.1 for Windows
g Machinery Dynamics

3-D Shaft Viewer Utility (ARMDShaftViewer)

ARMD Shaft Viewer is a 3-D rotor system graphics utility integ

rated in the ARMD suite. It uses

modern 3-D graphic rendering technology to provide a highly realistic view of rotating assembly
models and drive train system models. In addition, dynamic performance results generated by the
rotor dynamics module ROTLAT and torsional vibration analysis module TORSION can be

presented. Displayed models and their dynamic performance
moved and animated to provide the user with an efficient and

results can be rotated, zoomed,
enhanced view of the system

dynamic characteristics. The ARMD Shaft Viewer workspace is shown below.

P20 ARMD Shaft Vi

File View Project Hel
|0uputs.et TORNAT Mode Shapes
= Branch 1 Element 3 -
i1 == Branch 1 Elomart 10
[+ = Branch 1 Element 11
- Branch 1 Element 12
| | £1 = Branch 1 Element 13
|11 oD 78
1 oto

Simulation
Results o

- | Qutput Set Property: + Mode 1: 1.5E+3 cpm

SAMPLE PROBLEM NUMBER 3.

TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYS

| oDz 75

I ozao

| Len: 21
- Branch 1 Element 14

=) i Branch 2

= Branch 2 Elamant 1
[ = Branch 2 Elamani 2
b Branch 2 Ebement 3
(4] = Branch 2 Elomant 4
) = Branch 2 Element 5
- = Branch 2 Element
) " Branch 2 Elemert 7
1 ™ Branch 2 Elomart 8

Zooming & |
Rotations

Standard [
Views
Visibility
Controls

Animation
.—

S
= ozl

Relative Amolitude. scaled by

e

plitude

= *| Shape Amplitude 1000

TWO BRANCH SYSTEM: MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. O TO 12 SEC.

Manual Manual View

|| Normalize By Branch | Cursor Contrel Selector {3+

TEM.

Model & Results

View Window
Solid model and display

background colors are
user configurable.

MNo oroiect open

Automatic®Scaling

The Shaft Viewer can be run

I

as a stand-alone display
utility either from the ARMD
main menu or from the
computer’s Start menu. ltis
also fully integrated into the

+ | Shape Ampltude 100 ) Mommion By Bramch | Cumer ControlSebncioe 4} «

BR  Model

Input File

# 3 D Shaft Viewer

ROTLAT Rotor Dynamics
and TORSION Torsional
Vibration modules, where
is automatically
loaded/accessed via the
View menu.

b Graphics Qutput  »

lE TextOutput v
it /" Check for Errors
5  Quick Chart
[ 3 et
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The default opening view is isometric = <O RSN e foversie) i |

(ISO). Viewpoint is modified using the = owes o - [y & i e
buttons for zooming and rotation on the Bl v compiasor whess

Torskonal Simuiation

left side of the display. By pressing the
+ and — buttons, the display can be
zoomed or rotated about any of the
three axes. The arrow buttons in the
middle of the Viewpoint group move the
display left, right, up, and down.
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. The Enclose
button re-centers the model without
changing its orientation.

Various elements of the model can be selected for display using the check boxes in the Visibility
control group. When Solid and Mesh items are selected, the viewer performs an automatic level-of-
detail (LOD) calculation to determine when the mesh is too dense. If required, the software then
suppresses the mesh display automatically.

Quput Set: TORNAT Made Shapes

7 Branch 2 7
& W Branch 3 Four Branch System

% Branch 3 Elemant 1 Overhung Complressor Wheels
lemen: 2 Torsional Simulation

Four Brancn System
Gverhung Compiressor Whees
Tarsicnal Simulation

——

Il\zlmwemnﬂme.xnmmslmeAmn\wﬂe INo oroiect ooen
= = =

The screens shown above and to the right, first | ol

§ e Banch?

show the mesh suppressed on part of the model | *=...... i: T -

1= B3 a2 Torsional simiaton
1= ranen 3 Eemants

followed by full mesh as we zoom in. isEmmen

If the solid display is not selected, but the mesh é.:::::gm
is, then the LOD calculation is not performed and | .....

the mesh is shown for all elements. B ]
[-=» Branch 3 Element9 il
Shaft element |2 =he =
. . Lz |
information can be | oD 1: 39 o
: D10 T D
found in the shaft | oD2 39 M
element display when A D20 e
. -l Len: 2756 = )
an element is selected| . o 5.0ch3Eement 11 [0 DT
[ = Branch 3 Element 12 —
Mo Ao seves o Shose Aot Roosica osen |
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Among the main features 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
automatically looks for supported solver output files.

No user interaction is needed. These output sets are | Output Set Property: 4 [UEEEEuiieoll
then presented to the user for display in the Output Set (None]

. s . Mode 1: 2.09E+3 cpm
Property drop-down box on the viewer’s main toolbar. ode 2: 2.66E+4 cpm

‘ ‘ Ouput Set: TORNAT Mode Shapes <

Once an output set and property has been selected (i.e. mode shape 1) it ﬂﬁﬂi i ij‘jﬁiiﬁ 222

is displayed as shown below, with and without the shaft solid model. Mode 5: 4.16E+4 cpm
Mode 6: 4.75E+4 cpm
2] ARMD Shaft Viewes (C) Lmodel | [=ier ] ._Hm' S\ARN WL torsaonal_model_Reverseaiog .’@

File View Project Help | Fie Viw Pojet Help
Ouput Set TORNAT Mode Shapes = | Output Set Propenty: + [N B6E +4 cp] I: * Shape Amplitude 1000 Ougnat Set: TORNAT - + | Output Set Property @ Mode 2 268 +d cpm. « * Shape Ampitude 1000 Normaiae By Branch .

S T}
Four Branch System ¥ = franch ) Cemant §
Overhung Complressor Wheeis.
Torslonal Simulation

s [e] (=]l

¥ Discs ¥ Benergn
¥ Comnmcsens

Animatior

B

BN

Relative Amoiitude.

rude No proiect open Felatve Ampirtuse. scaled by Shape Amoitude No omiect coen

For enhanced visualization of torsional vibration analysis
results, such as mode shapes, presentation is an angular twist
about the rotational Z axis. The angular twist displayed has a
maximum range of +/- 45 degrees and the twist
lines extend out beyond the model

surface by a factor of 1.25 times
the shaft's maximum OD.

/ ’--

"

For long drive trains, visualization and
animation of torsional behavior, the
angular twists displayed have a maximum
range of +/- 90 degrees and the twist lines
extend out beyond the model surface by a
factor of 2 times the shaft’'s maximum OD
as shown here. i
| (',e“e‘a

3-Dimensional Presentations
Torsional Twist Mode

\\2
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AR I\/I DTIVI Version 6.1 for Windows
Advanced Rotating Machinery Dynamics

2-D Graphics Utility (ARMDGraph)

ARMDGraph is a graphics utility that employs a Workspace concept to manage multiple graphs with
associations to single or multiple graphics output files. The workspace environment contains all
user defined plot and chart configuration settings for graphics output files generated by

ARMD solvers.

i Workspace Configuration: Chart(1) = Eo | x|
The Workspace £ Graphs Set Lines | Details | Line Defauts | Annotations | Line Markers |
. . T & Grach - Defa | Detais | Line
configuration - &0 Fie Cortent CanTyre (e e |
f . t “ Chart -1 Units  Frequency (Cycles/Min)
orm consists 5 Output Files 5 SYNC-MOT tre US - A
(1) SYNC-MOT tne US ;
of tWO panels 4 - Rotational Speed (RPM) Unit  Reotational Speed (RPM)
The left | ) ;‘ dOC;‘j;;r X Speed (RPM) (=)
e leTt pane - 3rd Order
contains a tree h e Y=
. ™ Order Units Freguency (Cycles/Min)
view of the ~7th om:; Line Flle
graphs, charts, &t Order Tst Order (1) SYNC-MOT tnc -
. - 3th Order — | 2nd Order (1) SYNC-MOT tne -

and g raph IC = MnCas = | | Mode 1,Com= 14352 0.0... (1) SYNC-MOTinc

fil g: g:ef Mode 2, Com= 42095 0.2.. (1) SYNCMOTine I
OUtpUt 1es. ot 1 Ecrpm— 14952 00878 Mode 3, Com= 152379 0.. (1) SYNC-MOT tnc LS
The right panel e 2.Com 02570 _

. Bioce 3 Con= 152375 02044 :
contains all Mode 4, Cpm= 19838.3 09628
- Mode 5, Com= 30679.3 0.4513 il
Chart and graph ‘ Mode £ P |'1AULrT nE4d0 |
. op Add File A Delete File
Settl n gs " |l Save Workspace Use Current Files e —
. || Replace File
|._j Open Workspace ||£| Show/Update Graphs

ARMDGraph features include:

» Workspace concept that contains all graph settings and linked graphics output files in one form
customized by the user.

Existing workspace can be easily applied to newly generated graphics output files.

New graphical user interface to access and customize graphs.

New file format (*.usrx) allows more customization of graphics data than previous (*.usr) format.
Ability to create multiple graphs each of which may contain multiple charts.

Ability to plot from two or more graphics output files.

Backwards compatible with files generated by RBTSGRAF (*.usr) graphing utility.
Customizable annotations and line markers.

Automatic detection of graphics data file changes and updates.

Plots can be rotated and copied to the clip board as bitmaps or enhanced metafiles.

Utilizes GUI help system.

Accelerator keys for accessing menu items and switching between charts.

Multiple plots per window (1, 2, 3 or 4) including line, polar, and FFT plots.

Templates for automatic configuration of graphs.

Save/restore user options (*.USRX), for custom graphs, including:

YVV VYV VYV VY VY VY VY

e Log, semi-log or linear axis scaling. e Automatic or manual axis scaling.
e Grid lines (ON or OFF). e Legend position (hidden, inside or outside right).
e Draw curves with lines, symbols or both. e Macro strings for flexible title assignment.
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Graphics Utility (ARMDGraph)

With ARMDGraph, in few simple steps a workspace can be set up, saved and a graphical

representation of simulation results from ARMD solvers can be generated as illustrated below.

1- Open graphics data file.
[Fie |

Open File

-

|5 Graphics Output File  Ctrv0 |
2 Workspace Ctrl+Shift+ 0

MNew Workspace  Ctrl+N

Ctrl+5
Save Workspace As...

=
&
& Save Workspace
d
qF  Append Workspace
Close Workspace

Recent Workspaces

Recent Output Files 3

B Exit

2- Files with templates.

[/\] Select a Graph Template

Eccentricity Ratio vs Bearing Load

Power Loss vs Bearing Load
s Psae s Dot Lo ble click

Mandmum Vs ing Load

Side Leakage/Inlet Flow vs Bearing Load DOU eclic

Koot/ Kyy vs Beanng Load

Dhoc/Dyy vs Bearing Load an entry'

Min FilmECC.Angle, Side leakage. Inlet flow & Powerloss vs. LOAD

Min Film ECC Angle. Side leakage. Inlet flow & Power loss vs. ECC

Use Default ( 0K ] [

—> 2- Files with no templates.

3- Configure Workspace.

il Weetapace Configuration: Chantl) r=2!
4' PreSS Gaphs SotLnes | Dotada | Linws Delts | Avrctibiors | Lina Marhera
- Grogh - Dt
113 Chata Py ¢ "
Show/Update ot i e
v Tl SYNCMOT tnc IS - X
P Potatonsl Speed FIPM] it Sessd (AFM]
Graphs” button o Y B
H i O
to display the e 1
;x Units Fenguency (CyclesMin)
chart/graph b -
h O Tt Crdar
H i ke | 2nd Crder
window. e | ey S
:xm Mode 2. Come 42085 02
Mode 1, Come 14552 00878 Mode 3, Cpme 153378 0. (
Mode 2. Come 4209502570
lode 3 Coenn 152175 02034
. - e | [ Delen Fie
\..I Sarve Werkapace | U Cuarrenst Films. Fie )
[ T— -, PUT—
™ Graph: Default El@
C:\Users\Public\Documents\ARMDGMTORSION\ Samples\SYNC-MOT.tnc
1.600 7 |- 1st Order
A -3~ 2nd Order
/"' == lMode 1, Cpm=1485.2 0.0878
1.400 o —— Mode 2, Com= 4209.5 0.2570
//’ =iz lode 3, Cpm= 15237.9 0.2044
o Branch #01 Speed
1.200 P -=7—- Branch #02 Speed
g ,// A -
:C: 1.000 1800 RPM o Py
= . e
& -
3 0.800 o e
) - -
? e L
3 0.600 . T 10800 RPM
=3 - o
= P -
i il e
s
0.400 0 =
D/H e
/'. - .
0.200 R o
0.000 &
0.000 0.500 1.000
Rotational Speed (RPM) (E+04)
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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

For further information, please contact us.

=¢E0 RrBTS, Inc.

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

(optional), updates, maintenance, and support. USA

System Requirements: Telephone:  610-415-0412

Personal computer with Microsoft Windows 8, 10 or Facsimile: 610-415-0413

higher (32 or 64 bit). Web: www.rbts.com
Email: info@rbts.com

Rem em b er, with RBTS, 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.

™
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, Inc.
© ARMD Resellers

k.
RBTS' software has gained international
reputation for its:

¢+ Technical Capabilities ¢ User Friendliness
¢+ Completeness ¢ Support & Service

RBTS. e

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




