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ARM DTM To Rs I o N Package

v 6!2 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 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™ V6.2 — 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.

fival System El@
Branches | Materials | Elements | Conmections | Discs | Springs
All Elements | Branch 1 Eements | Branch 2 Elements
. Use . Use -
Material Use . Stiffness . ) . Dynamic
Number Geometry Taper Llength OD1 D1 QD2 ID2 Stgfi;fnss Diameter Stiffress  Damping  Inertia Eﬂg; Magrifier MName
E 1 1 O 10| 75|23 75|23 | O O 0.0 | MOTOR NDE
Elr 2/ 1 O | wo| soEY soj23s| O O
=3 3 1 [l 00| 90(236| 90|23 [ (|
=N 4 1 200 90|23 1o0|238| [] [l
-
< Options [= [& s

Description | Matural Frequencies /# Mode Shapes | Steady State Response | Time Transient Response | Qutput 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  Perform Time-Transient Response at fixed speed
=" using the following features:
MNumber of simulation time steps: 120000
s | Applied Torque Tables | E\@
L] | Steady State Harmonic Torques | Time Transient Torques
Predefined Extemal Torques | Speed-Dependent Torques | User-Specified Extemal Torques | Synchronous Motor Torgues | Electrical Torques
Branch Station Start Time C5V File Status  Browse Edit Name
» 1 1 6 XY My TData_01.csv Found Torgue data from CSV file.
< >
Ok Cancel Help i
- e
User Specified Torgue 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.

o 5 e

2 TORSION {CAUsersyPublici Documents\ARMDEO\TORSIONNTGS-500Station ol S0 - System] &) TORSION (CAUsers\Pubiic\Documents|ASM D0 ORSION, Samples\SYNC MOT.TOH US) - [System]

WMkaziinm

Branch Name Element Material Number

No project open
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ARMD™ V6.2 — TORSION Package

Many of the improvements incorporated into the ARMD TORSION Version 6 are specifically directed
towards simplicity, increasing usability and increasing productivity as illustrated bellow:

Auto Mathematical
Convert expressions evaluator
<= TORSION (C\Users\Public\Documents\ARMD&O\TORSIONYSamples\SYNC-MOT.TOI US) = B

File Edit Options  Applied Torques Run View To
(1 New [5 Open |dl Save | # Cut [ Copy [ Paste System Model Convert Units || Insert Value: |S(08Ea S EhkE]

= B
Tabs Branches | Materials | Elements | Connections | Discs | Springs /SFlffness Element
Al Elemerts | Branch 1 Elements | Branch 2 Elements Dlameter / Properties
. Use - Use .
1 mﬁ:bn;l' Getl::atry Taper Length ©OD1 ID1 OD2Z D2 Stgfig:lss [S)}?n?:tser Stiffness  Damping  Inertia I'EE; I'\[g;i;:::r MName
E= 1 1 O 10| 75(236| 75(238] [] O 0.0 |MOTOR NDE
E|» 21 O 40| so BB sof23 O O 0
+2 3 1 O 00| 90(236| 90(236| [ O
Tool =N 4 1 200| 90(236| 110|236 [ O 0
St .— R 5| 2 O 150 140| 00| 140 00| [ O 0.0 |MOTOR CORE
rnp 6| 2 | 200 | 140 00| 140 | | 0.0 |MOTOR CORE
7| 2 O 150 140| 00| 140 00| [J O 0.0 |MOTOR CORE
8 1 20| 10| 00| 90| 00| [ O
B g | 1 O [ wof sof co| a0 O O
|| = o O | 40| sof oo o O 0
11 1 O 00| 80| 00| 80 O O 0.0 |MOTOR DE
12 3 O 70| 70| 00| 70 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 =
Inner Diameter of left-hand side inch \ Data
No oro validation
o project open
= Moverow Up +] Change material - Color rows
o
% [ Moverow Down d@ Undock ¥= GetSummary
8 +2  Split Element Mark/unmark Tl 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™ V6.2 — TORSION Package

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

. . . Tools
» Round Function. Round function for data entry fields + Enable Units Conversion from Expression Evaluator

is accessible from the Tools menu, and can be declared | EnableRoundingButon |

for all data fields. | 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.

TORSION (CAUsers\Public\Documents\ARMDEO\TORSIO! NC-MOT.TOI " . r - o
file Edit System Options AppliedTorques Run View Tools Window Project Help
() New 5 Open Il Save | & Cut @ Copy (@ Paste [ System Model | Insert Value:

o System cl@= & Applied Torque Tables o @ =
Branches | Matarials| Elements | Connections | Discs | Spiings Staady State Hamonkc Torgues | Time Transient Torquea
All Eloments| Branch 1 Elements | Branch 2 Elements| Predsfined External Torques | Sps it Torques | Us Torques Motar Torques | Electrical Torques
tataria Uk Use e Use o=l ranct tatior oles Yints L' Torque :
eris Use 1o ength OD1 IDI OD2 D2 tiffnes ™ iiffnes: lamping neria Dyn 7oK turve 12 & Synchranous Mator Torque Curve 1| < | &1 ]| 83
lumbe izametr iamate Ingrifie
Dism Mag v 1| 1 8 a4l w0 1450000
E [ BN & 10| 75| 236] 75| 238 00| oo o] oo oo N e "va.a ?Os:
E 2|1 W 140 80| 238| 80 236 0 0 a| oo 0 Lo L
H 31 v 100| 80| 236 80|23 1 0o 1500 740
N K 7 | ¥ 200 80 238 110 238 | 2 00 1420 750
“ 5| 2 v 150 140 00| 140 o T 2| oo oo 3 so0 [IEET] 770
@ 6| 2 v 200] 140] 00 140 00| oo o oo 0.0 |« 4 800 1510 800
7| 2 7 150 140| 00| 140 00| 0o a| oo oo N 5 700 1260 850
- a1 o 7| | 200 110 00| 90| 0O 0.0 .0 o| oo 0.0 ol 110 HES
= 9|1 v 100 90 00| 30| OC
E T oK Cancel Help
Ok
- ok Concel Help Checkior o ¥ - Percent t of Average Toraue dimensionless Fy
Element Material Number Synchronous Motor Toraue Maanitude in-lot
& Options o | &= ) System Model
Desciption | Matural Frequencies Mode Shapes | Steady State Response  Time Transient Response | Guipul Options i
Conlrol  Constant Speed  Stariup options | Matenial Fatigue  Life Data | Gear Backlash
Control parameters Constant speed / startup and shutdown options
i e o e 1.000000e-04 Perform Time-Transient Respanse at foed speed
using the following features:
Number of simulation tme steps: 120000 Shaft Stiffness -
. 2.891470e+89 in-
Simulation end time (sec) 1000 16F/ radian gt
Time interval for generating restar data (sec) 10 Unifarm Displey Scale
Restart control index (0 for start @ 1-0 secs) 0 Display Station Number

> ) Display Filled Symbols

Textigraphics output control parameters Fonhee Firen Tonmsienaie -~
’ V] Display Scaled Discs
Display Branch 1 SYNGH. MOTOR
Al - - I
Ok Cancel Help . .
- L oy Connection View:
Sub

» 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 QUiCk Chart. & Synchronous Motor Torgue ... |EHE||E\ {2 Graph: Quick Chart = e

% Torque vs % Speed

This feature rapidly %A wom
displays an X-Y graph of ” Torque _ Torque
1 m 150.0 74,0
e_ntered te_lt_JuIa_r data for . NI 120
visual verification of s Y] 770
correctness. ARMD + I 1o
Graph software is still 8 = el
: 6 . 930 5 100
available for complete , IECNREUNNCE ||
graphic analysis w0 w0 wso 0
capabilities. g o0
1o ! N
[ ok | [cancel | [ Help | —
= 0 50 100
% Speed
Percent of Oscillating Torgue dimensionle:
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ARMD™ V6.2 — 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 fo ]
| Branches I Matenalsl Elements |Connedion5 I Discs ISpringsl Ctiffnaca
All Elements "BlEII"Id"I 1 Elemerts |er1d12EIernerrts | /Biameter
i Uze . ~
Branch Materal lze ) Stiffness . ) )
Mumber Number Geametry Taper Length QD1 D1 0ODZ 1D Stg;renss Diameter Stiffness Damping  Inertia
| 1 1 1 O 10| 75|23 75|23 O 0.0 0.0 0.0 0.0
* 2 1 1 [l 140| 80| 236| 80|23 | 1 0.0 0.0 0.0 0.0
.v k] 1 1 I 00| 90|23 | 90| 23| [ 00 00 00 0.0
?E 4 1 1 200| 90236 | 110|236 [ 0.0 0.0 0.0 0.0
B 1 2 Il 150| 140| 00| 140| 00| [ 00 00 00 0.0
6 1 2 O 20| 140| 00| 40| 00| [ 0.0 0.0 0.0 0.0
;T”CL 71 1 2 O 150 140| 0o 140| oo O 0.0 00| 00| oo
gl | + | & [ m | o]0 oof sof oof @ [ oof  oo] oo oo
3] I : =
10 ] ¢ Shaft Element Selection Summary for Rows 8 - 11
B r = | Shaft Weight = 9674572 1bf|
12 - - 0 Shaft Inertia (WR%) = 10222 04 1lbf-in®
13 1 1 O Stiffness = 1.194514e+08 in-lbf/radian
e R R S .
— 14 ! ! O Total Inertia (WR®) = 10222.04 lbf-in® (Shaft + Disc)
15| 2 1 [
3ranch w2 ! U
#2 19 17 2 3 I Il 20| 32| oo| 32| 00| O 0.0 | 5500000e+06 0o 00
18 2 1 O 160| 40| 00| 40| 00| O 0.0 0.0 0.0 0.0
k] 2 1 I 07| 45| 00| 45| 00| O 00 00 00 00 .
< >
| ok | | Cancel | | Hep | / Check for System i a |
|E|ement 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 ®®  Edit Torque Curve = O H—~
. i Applied Torque Tables
User-Defined _
‘ Steady State Harmonic Torques | Time Transient Torques | Units
TO rq ues. User | Predefined Extemal Torques I Speed-Dependent Torques | User-Specified Extemal Torques E ®us O sl
has com plete Branch Station Start Time CSV File
freed_om_to _ oo 1 s X 1y TOata_01.csv e o -
specify, including : 00005| 58364 34543
. £
predefined 2 0.001 1125967494
external torques, o | | Cancel | 3 00015| -74634.25532
speed dependent 4 0.002| -166022.0528
|UserSpecifiedTorque File Mame I
torques, user- P05 0.0025 ]
specified external L] 0003) 3781692525 v

torques, harmonic torques, synchronous motor torques,

and electrical torques. User defined external torques can | Save | |Savehs || Cancel || Hebp |
be prepared in a CSV file and linked to the torsional model
as shown here. [Torque Magnitude [in-Ibf
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ARMD™ V6.2 — 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.
it System . E@
_ Material Material
Branches | Materials | Blements | Connections | Discs | Springs ,/'Temperature Library
Young's Use Operating Diamping ‘u"gﬁtes
Modulus Shear Modulus Density Ogl_emtlng Temperature Factor MName Fram
emp :
Librany
oo 1.150000e-+07 0283 [ 00| 250000004 | STEEL
2 | 3.000000e+07 | 1.150000e+07 | 1.000000e-D4 O 0.0) 2.500000e-04 | Steel Mo mass
3 | 3.000000e+07 | 1.150000e+07 | 1.000000e-04 O 0.0 0.0025 | Steel Mo mass
= Ok 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.

6= System E\ @
Branches | Materals | Blements | Connections | Discs | Springs
Flex. Select
From From Ta Ta T Material S Dampi Cann. EE N
o Branch Station Branch Station ¥pe MNumber ness amping Ref. Outnrut ame
Branch o
oo 1 A 2 1 |Rigd | v 0 00 ooff 1| O
= Ok Cancel Help Check: for System Emrors N
Connection From Station
L Options El@
> Sel ectab I e ou t p Ut U n I tS . Description | Matural Frequencies / Mode Shapes | Steady State Response | Time Transient Response | Output Options
Selectable Frequency Units
between C P M Or HZ, |n Natural Frequencies and Mode Shape Options
. y Preferred Units Selections
acco rdance Wlth the users = (®) Compute all natural frequencies and the
. (®) Cycles/Minute B
preference, or the industry " o 5| mode shages
standard format can be set simply o e T e
. . . elow 0.0  cycles/min.
by checking a box in the options
fOfm . Damping Options
Ignore all damping (i e. undamped analysis.}
Ok Cancel Help
5| [P
Matural Frequencies / Mode Shapes
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ARMD™ V6.2 — 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.

TORSION (C\Users\Public\Documents\ARMD&0\Project\TORSION-60-ProjectFolder\SYNC-MOT-Expanded.TOI US)

- o N

&

System  Options  Applied Torques  Run  View Tools  Window  Project  Help
] Mew Cut Cop Paste| - -
g i - = Open ROTLAT or TORSION input file =
= Open.. Ctrl+0
b save Gy ARMDBE0 » TORSION Search TORSION
= SaveAs.
4+ Convert Units Organize » New folder 4=z - L7
'\P e
Favorites ) Mame Type
Recent Files » o B
@ i Bl Deskiop Samples Fi
4 Downloads Templates
il Recent places 1 SYNC-MOT.TOI
== Import Shaft(s) from Tarsion
>
(@) Import Single Shaft | | () Import Complete System | ROTLAT or TORSION input files v
Single Shaft Import Options Open Cancel
()
(@) Add shaft a2 new branch
(") Mppend shaft to existing branch
Select branch # to import W
2 TORSION-60-ProjectFolder
= System Model =N ER (T
-~ C:\Users\Public\Documents\ARMDE0'\ProjectiTORSION-60-ProjectFoldert'SYNC-MOT-Expanded. TOI
SAMPLE PROBLEM NUMBER 3.
TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIM. 0 TO 12 SEC.
TORSIONAL RESPONSE TO SYNCHROMNOUS MOTOR START-UP OF DRIVE SYSTEM.
Imported
Shaft stiffness = Branch not
5.4531982+88 in-
. connected yet.

1bf/radian

hANNN 2 SYNCH. MOTOR

[ Uniform Diisplay Scale
Display Station Mumber
Display Filled Symbols
Display Scaled Discs

Display Branch

Al -

Connection View:

Stub -

Mode Shape: 2. COMPRESSOR 25TG

None

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

Animation Speed

Zoom 1. SYNCH. MOTOR
Key Commands

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA @ Tel:610-415-0412 ® www.rbts.com ® Fax:610-415-0413 Page 8 of 19




ARMD™ V6.2 — TORSION Package

> Import of Models (continued).
- Shaft models can be flipped from left to right with a single button click.

r

e System =n R
Branches | Materials | Elements | Connections | Discs | Springs
Total Elements Speed Branch Mame )
= 1 14| 1800.0 |SYNCH. MOTOR = | Move Branch Up (Ctrl Up) |
. nenn n ~ —" —
E X 2 11| 10800.0 | COMPRESSOR 25TG E Mowve Branch Up (Ctrl Up= |
3 .
1l | Reverse Elernents |
e Fler et |
Reverse Elements
P |
o Ok Cancel Help -
Branch Total Elements (use branch element tabs to change)

- 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.

i System o e =

Branches | Materials | Elements | Connections | Discs | Springs

Flex. Select
From From To To T Material S Dampi Conn. T; © N
- Branch  Station Branch  Station ¥pe Number ness amping Ref. Outorut ame
Branch P
1 1 15 2 1 |Rigid |+ 0 0.0 0.0 1 O
roo2 2 1 1 |Rigid | ¥ 1 0.0 0.0 1 O
£ >
=
Ok Cancel Help Check for System Emors

Ll =) :3

Connection To Branch

Flipped &
Connected

3. SYNCH. MOTOR
Uniform Display Scale
Display Station Mumber
Display Filled Symbols
Display Scaled Discs

Display Branch

Al -

Connection View:

Stub @

Mode Shape: 2. COMPRESSOR 25TG
MNone @

[] Scale Mode By Branch
[ Animate Mode Shape

Animation Speed

Zoom _SYNCH. MOTOR

Key Commands
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ARMD™ V6.2 — TORSION Package

» Import of Models (continued).

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

shaft

e

= System [= = =]
Branches | Materials | Elemerts | Connections | Discs | Springs
All Elements | Branch 1 Hements | Branch 2 Hlements
) Use ’ Use - 2
Branch Material Use . Stiffness ; . . Dynamic
Number Number Geometry Taper Llength OD1 D1 ©OD2 D2 Stgfig;ss Diameter Stiffness Damping  Inertia h[:g; Magrifier MName
AN i M | M | 1o, 75(236 75 036| [ 0. 0. 00| ool ] 0.0 | MOTOR NDE
1
2 i L= Branch 3 Elements, close to re-attach to the Shaft System Form [ s
-—
- 3|1 1
. - Use ’ Use ) ~
= a7 1 Moo ooy Teper lengh OD1 ID1 OD2 ID2 Stfiness g Sifiness Damping hefia  Dyn  [W7om
- Diam Mag
5 1 3
s [ 1 ED BN O | 230]160] 00 160 O O 0.0 LS GEAR
- 7 1 E 2 1 ] 210| 75| DO| 75 ] ] 0.0 | LS GEAR 5t
8 7 1 =2 3 3 O 270 70| 0D 7 O ] .0 |LS COUPLIM
3 7 1 =N 4 1 ] 00| 80| 00| 80 ] ] 0.0 |MOTOR DE
10 1 1 ™ 5 1 O 140| 80| 00| 80 O O
1 1 i 6 1 O 00 90| 00| 80| 00| ] O
- ] y 7 1 20| 90| 00| No| 00| I O
- -—
1 1 i - 8 2 ] 150 140| 00| 40| 00| [ ] 0.0 | MOTOR COI
; = 5 2 ] 200| 140 00| 14.0 ] ] 0.0 | MOTOR COI
g 10 2 O 150 140| 00| 40| 00| [ ] 0.0 | MOTOR COI
1 1 200 N0| 236 90|23 [] O
5. 12 1 O 00| 90|236| 90|236| [ O
Element Branch Mumber = 11 1 [ [l 14n! anl 23kl anl 23kl M1 [ 5 2
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.

W ARMD Settings = =
General | 2 DOF Layout | Recent Lists | Grid & Material Colors | Mode! Colors and Forts | Advanced
[ Application maximized at startup [] Always save data on solver run
[] Do not always display solver output [] Sort grids during data entry
Text Viewer
) WordPad ) MNotePad (®) Other
Text Viewer Path:
Browse...
Prefered units
(®) US Customary/English ) Sl/Metric
Prefemred frequency units
®) Cycles / min (CPM) O Hertz (Hz)
Preferred damping output units {Rotordynamics graphics only)
(@) Critical Damping Ratio () Log Decrement
Restore Defaults
Restore all settings to default. Restore Defaults

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA @ Tel:610-415-0412 ® www.rbts.com ® Fax:610-415-0413
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ARMD™ V6.2 — 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.

& System Model E@
ID1: = C:\Users\Public\Documents\ARMDB0TTORSION\Samples\SYNC-MOT.TOI

0.8 SAMPLE PROBLEM NUMBER 3.

oD2: TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC.

9.0ID2: TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM.

a.e

Uniform Display Scale - .

e T

7| Display Filled Symbols
7| Display Scaled Discs

Display Branch
Al

Connection View:
Stub

Mode Shape:

#1. 1495E+3 cpm

| Scale Mode By Branch
Animate Mode Shape

0
J 1. SYNCH. MOTOR
Animation Speed

10
] T 1 13

U

Zoom

| Key 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.
?Eystem Model E@
101: »  Cl\Users\Public\Documents\ARMDBO\TORSION\SYNC-MOT.TOI
SAMPLE PROBLEM NUMBER 3.

| Uniform Display S TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC.
TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM.

/| Display Station Nu =
| Display Filled Sym
| Display Scaled Di:

E—— - 14
Display Branch 1. SYNCH. MOTOR _—E-—_ _-n__-

1 ~
4 11 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.

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA @ Tel:610-415-0412 ® www.rbts.com ® Fax:610-415-0413 Page 11 of 19




ARMD™ V6.2 — TORSION Package

» Steady State ‘
Response. % Options -l

Performed at | Description I Matural Frequencies / Mode Shapes | Steady State Response | Time Transient Response I Output Opﬁons|

speC|f|ed Sp?ed Branch#1 Speed Range Options T
or as a function

of speed with any

harmonic (") Compute steady state response at branch #1 speed (885.0 RFM)
excitation at any
shaft location. (") Compute steady state response at 2850 RPM

m

Results include

element torques
& stresses, Minimum speed 540.0 RPM
station angular : —

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

; Maxdmum speed 13200 RPM
displacement, _
Velocity and Speed increment 10 RPM i
] T P

acceleration, etc.

T Applied Torque Tables EI@ j

Steady State Hamonic Torques |Tin'|e Transient Tongues | Hamonic Torgue Import Files
== ﬂ
Branch Station Hamonics Eiiy ghmoatEis Table No. Phase Name L0350l
Table H
dow Help
1 5 1 D[ Manual |+ || Manual 0.0 | 1st Order Excitation @ Station 5 T D B G e .
b2 -‘-[ || Marual |+ | Manual MDrderE:ci.aJon@StaJOHS x
3 | aruil | w [ Manual [ 0.0 | 3rd Crder Excitation @& Station 5 t;’%?iﬂ;;i?”f‘f’g“m KV Motor =
i At G Stub Shaf
4| T Steady State Torque Effort 2 E\@ 0.0 | 4th Order Excitation @ Station 5 ration At Lonpresser Stub Shait
5 0.0 | 5th Order Excitation @ Station 5 TERATORY TORQUES < <<
Hamanic Sine Cosine ooy
Crder Component Component Fo-#3 - E102
» 1 2756520 0.0 Help u-lbf) Stress = 183.44 psi
n—1lbf) Stress = —-172 .90 psi
| —1bf)
Harmonid :—lbf) Haz. occurs @ 643.0 rpm
QK Cancel Help
’ l [ ] ’ l Output Element # 2 Hame = 4HOS Throw #4- Drive End - E104 |
Hazimum Torgue 22008.19 ({in-1bf}) Stress = 364 .45 psi

Harmonic Order dimensionless Mininum Tordue - 2072110 {in-1bf) Stress —3243 14 psi
Hean Torque = 0.00 {in-1bf)
Peali—to-Feal Torgue = 42729.29 (in-1lbf) Max. occurs @ 643.0 rpmn  _
T D
C:\Users\Public\Documents\ARMDG0\TOR SION\torhrm_03.teg
. nx
Torque as a function of speed
—&— 4HOS Throws #2-#3 - EI02

3600 —E5— 4HOS Throw #4- Drive End - EI04 i I Rea-liE

3400 —— Flexible Disc Coupling - EI05

3.200 —— Motor Drive End - EF06

—&— Motor Shaft @ Brg - EF#08
3.000 Motor Core - EF#14
e

2.800 C:\Users\Public\Documents\ARMD60\TORSIONtorhrm_03.tsg
2600 Displacement as a function of speed
%s)
F 2400 1000 —Z&— Compressor Aux Drive End - St#1 (d)
o —H— Compressor Aux Drive End - St#1 Hn= 1.00 (d)
=2.200 0.800 —— Compressor Aux Drive End - St#1 Hn= 2.00 (d)
= —+— Compressor Aux Drive End - St#1 Hn= 3.00 (d)
—2.000 0800 —&— Compressor Aux Drive End - St#1 Hn= 4.00 {d)
E 1.800 Compressor Aux Drive End - S5t#1 Hn= 5.00 (d)
@ 0.700
21600 =
1400 0,600
= 4
> 12009 0,500

1.000 0400

0.800 F x

0600 0.300

0.400 0.200

0200 ¢ . —-— — 0.100

550 600 630 00 730 800 850 900 930 1 UUU 1.050 1.101 0,000 2 —
Speed (RPM) 600 700 800 900 1,000 1,100 1,200 1,300

Speed (RPM)
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ARMD™ V6.2 — TORSION Package

» Steady State Interharmonic Excitation & Response. Electric motor controllers used in variable-
speed drive (VSD) applications generate integer and non-integer harmonic torsional excitations.
Intersections between these harmonic excitations with relevant torsional natural frequencies can
create "troublesome" levels of resonant response and, therefore, must be considered. ARMD's

TORSION software module provides a complete evaluation of VSD-related harmonic excitations.

0 Applied Torque Tables

Steady State Torques | Time Transient Torques

Steady State Hamoanic Torques | Interharmonic Excitations |

fo o =]

Excitation Frequency Equation

Branch: Line Frequency: 60 Hz - f — kal + mf[inel
Station: Number of Poles: where f; = Inverter Frequency and
fine = Line Frequency.
Comment Comaent K M Name
» 1 TR 0.0 6 § | VSD Excitation #01
z 0.0 350.0 12 -6 | V5D Excitation #02

C:\Users\Public\Documents\ARMDE2A TORSION\MotorDriveCompressor_w_InterharmonicTorque.tnc
CAMPBELL DIAGRAM WITH INTERHARMONIC EXCITATION FREQUENCIES

5.0000 T
O Interferences | Eé' gﬁh%fd";r
4.5000 i —+— Mode 1, Cpm= 30421 0.0100
______________________________________ S fmmmm g mmm = = +— Mode 2, Cpm= 36997.3 0.1225
4.0000 i =&~ Mode 3, Cpm= 41575.3 0.1380
________________________________ A o e e e VSD Excitation #01
S 35000 ! = 57— VSD Excitation #02
i i -
§3 0000 :Speed /’,
% 13578 rpm
4] 1
S 2.5000 R
oy e
- o a7
gQ.UUUU "u*‘ "f E
= ‘\ f’ 1
2 1.5000 T - i
e S ,# 1
1
s - 1
1.0000 | LS - i
. - 1
1
0.5000 | T 5 i
1
0.0000 n . . ! . .
0 1,000 2.000 3,000 4,000 5.000 6,000

Rotational Speed (RPM)

C:\Users\Public\D ARMD62\TORSION\MotorDriveC: W

TORSIONAL RESPONSE DUE TO INTERHARMONIC EXCITATIONS DURING STARTUP

4,400

TORSIONAL
RESPONSE DUE TO
INTERHARMONIC
EXCITATIONS
DURING STARTUP

Amplified
Response Due
To Interharmonic
Excitation

4,000

3,600

3,200

~
2

K

Vib. Torque in-Ibf (0-P

—&— Motor Core - E#10

—=— Drive Coupling - EJ#21

—<— Motor Care - EI#10 VSD Excitation #02
1 Drive Coupling - EI#21 VSD Excitation #02

— TS
400 600 1,000 1,600 1,800 2.200

Speed (RPM)

2.000 2400 2

—
3.200

—
3,400

600 2.800 3,000
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ARMD™ V6.2 — 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 Induction Motor
1: 3-phase short circuit 4: Start from standstill
2: Line-to-line short circuit 5: 3-phase short circuit at terminals

3: False coupling short circuit 6: 2-phase short circuit at terminals
7: High-speed automatic reclosing

_ K ] Graph: Default = | o e
= Applied Torque Tables (=S E=R ) E TORSION! _FaiseC_short_sample.trg
Steady State Harmonic Torques | Time Transient Torques
e Elecirical Torque No. 01
Predefined Extemal Torques | Speed-Dependent Torques | User-Specified Extemal Torques | Synchronous Motor Torques | Electrical Torques —_——
5.000
Branch Station Type Torque Frequency  Coefficients  Start Time Name False coupling
3 1 1 1| False coupling short (gen) 6000.0 50.0 10 short circuit
3Fphase shott (gen)
Line4odine short (gen
False short (ges . .
Start from standstil [ml:tlur) == Electrical Torque Coefficients = B
3phase short {motor)
2-phase short (mator)
High-speed auto. redl. matar} Equation: Type 3. Generator, False coupling short circuit
Magritude { from ) 6000.0 Frequency () 50.0
Equation
b . 1.000 1.200 1.400
T, (t) = tpoml[A + Be®® + (Csin(2nft) Time (s}
+ D cos(2mft) - e®)]
Graph: Default )
C:\Users\Public\Documents\ARMD60\ TORSION\TorrspGtype3_FalseC_short_sample.trg
Coefficients
A 00233 —— Eim #002-Brn #01
B 5083 2000 System Response
b -17.033] Inverse Seconds
3
+ 1.000
< I 5,045, ] | ‘ ‘ ‘
D 2119 i
Ok = s
-18.792. Inverse Seconds & 0.000
] d 5
Electical Torque Type, range is 1-7
1.000
Cancel Help 0 S
— me (s)
[Fe

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

o Graph: EI@
C:UsersiPubliciDy ARMDENTOR SIONI & lesiEYNC-MOT.trg
DRIVE TRAIN START-UP RESPONSE LOW SPEED SHAFT TORQUE
[— — Eim =011

e | Motor Startup Speed | Low Speed Shaft Torque

speed (pm)

& 6
Time {5} Time ()

MOTCOR START-UP TORQUE HIGH SPEED SHAFT TORQUE

M WMotor Torque 4.000 — Em =01E

High Speed Shaft Torque

gl

by (E+4)

Tarque: fin-lhf) (E+

Motor Startup Average Torque

4 [
Time {s)
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™ . .
AR"D Version 6.2 for Windows
Advanced Rotating Machinery Dynamics

3-D Shaft Viewer Utility (ARMDShaftViewer)

ARMD Shaft Viewer is a 3-D rotor system graphics utility integrated 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 results can be rotated, zoomed,
moved and animated to provide the user with an efficient and enhanced view of the system
dynamic characteristics. The ARMD Shaft Viewer workspace is shown below.

Manual

P23 ARMD Shaft Vie
Simulation File View Project Hel
:|ouput Set: TORNAT Mode Shapes
Results o—5>
“ = Branch 1Element9 -
(= Branch 1 Element 10
= Branch 1Element 11
(= Branch 1 Element 12
| FT_! = Branch 1Element 13
~| 0D1: 75
1 D10 Ll
~| 0D2 75
1 D20
| Len: 21
= Branch 1Element 14
(- Branch2
= Branch 2 Element 1
(- = Branch 2 Element2 =
Branch 2 Element 3
Branch 2 Element4
Branch 2 Element5
Branch 2 Element 6
Branch 2 Element 7
Branch 2 Element 8
Branch 2 Element9
(- = Branch 2 Element 10
ch.=m Rranch 2 Elamant 11
_Vtewpomt
Rotation about:
Zoom X & z
Zooming &
—
Rotations - = = (=
Standard 1L
Views * ] Le]
Visibility: Show
Visibility S
Mode Lines Center Lines
Controls S o
Connections
. . T
Animation | ——
e il
Animation Speed
e Cony g;'l';

~ | Output Set Property: 4+ Mode 1. 1.5E+3 cpm

~ ¥ | Shape Amplitude 1000

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.

Model & Results
View Window

Manual View

Normalize By Branch | Cursor Control Selector {3~

Solid model and display
background colors are
user configurable.

/No proiect open w

| Relative Amplitude, scaled by Shané| r\nplitude

utomatic®Scaling

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. ltis
also fully integrated into the
ROTLAT Rotor Dynamics
and TORSION Torsional
Vibration modules, where it
is automatically
loaded/accessed via the
View menu.

ARMD Shatt Viewer (C’

E| Input File
BR  Model
Graphics Output  » |
H TedtOutput O
+  Check for Errors
Quick Chart

L3 el

ao
oon | | 220 || A

Relative Amplaide, scabed by Shage Amplitude

Mo project open

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA @ Tel:610-415-0412 ® www.rbts.com ® Fax:610-415-0413
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12 ARMD Shaft Viewer (CAU

The default opening view is isometric

File View Project Help
Ouput Set: TORNAT Made Shapes

- | Output Set Property:

(ISO). Viewpoint is modified using the
buttons for zooming and rotation on the | *= ...
left side of the display. By pressing the | iz
+ and — buttons, the display can be

zoomed or rotated about any of the

three axes. The arrow buttons in the

Four Branch System
Overhung Compiressor Wheels.
Torslonal Simulation

= Branch 3 Element5
= Branch 3 Element6
5w Branch 3 Element 7
(- w» Branch 3 Elementd
& m Branch 3 Element3

mlddle of the. Viewpoint group move the = e
display left, right, up, and down. =0 =0 =0~
Continuous motion can be achieved by | = = = [«
holding any of the arrow buttons down. | = = =i
The display can be reset at any time to ?..‘f:.m. pow
one of 4 standard viewpoints, the o O

default ISO view, or projections on the
YZ, XZ, or XY planes. The Enclose
button re-centers the model without
changing its orientation.

B e

Auto
Scale

Relative Amplitude, scaled by Shape Amplitude

I L2 T

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.

file View Project Help
Ouput Set: TORNAT Mode Shapes

ifi ¥ Branch2
& % Branch3

i Branch 3 Element 1
i o) 2
: “ar s E
§) = Branch 3 Element5
) = Branch 3 Elmant6.

Four Branch System
Overhung Compiressor Whees
Torsional Simutation

Four Branch System
Overhung Compiressor Wheels.
Torsional

”

Animation

S e
ERENE)

l Relative Amoiitude. scaled bv Shape Amolitude

| B2 ARMD Shat Viewer (CAUss
File View Project Help
Ouput Set: TORNAT Mode Shapes
i W Branch2

The screens shown above and to the right, first
show the mesh suppressed on part of the model
followed by full mesh as we zoom in.

- | Output Set Propenty. +

7] Normalize By Branch

Four Branch System
Overhung Compiressor Wheets.
Torsional Simulation

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. =
[#-=» Branch 3 Element 9 -
Shaﬂ element I |é| anch 3 Element 10 o] & @& &
) : : A0S ST Cxraliealea
information can be = 0D1: 39 T
. D 1:0 L
found in the shaft oD2 39 Brens B
element display when D20 e
. o Len: 2756 S 9
an element is selected. (== Branch 3 Element 11 AP e
[+-=» Branch 3 Element 12

= ]
J Reltive Ampitude scaled by Shape Amoitude
RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA @ Tel:610-415-0412 ® www.rbts.com ® Fax:610-415-0413
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Among the main features of the Shaft Viewer is its
ability to display and animate the motions calculated by

‘ ‘ Ouput Set: TORNAT Mode Shapes

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: < |WEEERS

2.66E+4 cpm

[None]
Mode 1:

then presented to the user for display in the Output Set
Property drop-down box on the viewer’s main toolbar.

2.09E+3 cpm

k . 266E+4 cpm
Mode 3:

. . 3.08E+4
Once an output set and property has been selected (i.e. mode shape 1)it |yoqes 31ar.4 Ezm
is displayed as shown below, with and without the shaft solid model. Mode 5: 4.16E+4 cpm
|Mode 6: 4.75E+4 cpm

b=

ARMD Shaft Viewer (CX

1_model_Reversed.t0i)

_model_Reversed.o)

File View Project Help

22 ARMO Shatt Viewer (CA c ARMD

| File View Project Heip

Ouput Set: TORNAT Mode Shapes - Output Set Property: + [<] + | shape Amplitude 1000 - OutputSetProperty: # Mode2 266Es4cpm - + | Shape Amplitude 1000

Normalize By Branch [\ Ouput Set: TORNAT Mode Shapes Normalize By Branch | _

& w Branch 3 Element5
& ™ Branch 3 Element§
% w Branch 3 Element 7

Four Branch System
Overhung Compiressor Wheels.
Torsional Simulation

& w Branch 3 Element 12
4 Branch 3 Elemart 13 2 |

Viewpoint

Zoom X Y z

[

¥ Modalines V] Canter Linas
V. Discs V| Boonngs
¥ Connections

Animation

DI i o

R

| [copy. | [ Ao
image || Scale

Enclose

o] (2] [ 42

Relative Amolitude. by No proiect open Relative Ampiitude scaled by Shape Amplitude

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.

T

3-Dimensional Presentations
Torsional Twist Mode

\3
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Version 6.2 for Windows

™
ARM 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 Cenfiguration: Chart(1) =& ==
The Workspace =1 Graphs Set Lines | Details | Line Defauts | Annotations | Line Markers
. . = Graph - Default
configuration 5 Chae o Cortorte I — §
H o Chart -1 Units  Frequency (Cycles/Min)
form consists 5 Output Fies 5 SYNCMOT e US " X foss
(1) SYNC-MOT tnc US : i i
of two pane|S Rotational Speed (RPM) ___ Unit Rotational Speed (RFM) -
The left | ) ;: doo":;;r = Speed (RPM) (&)
€ len pane - 3d Order
; ) L Yl
contains a tree ;: 83'” £ i
. f th e n Order Units Freguency (Cycles/Min)
2 er
VIeW O e - 7th Order Line File
graphs, charts, - &h Order st Onder {1) SYNC-MOT tnc i
. -~ 3th Order — | 2nd Order (1) SYNC-MOT tne -
and graphlc - 15’:: 8;” = | | Mode 1.Com= 14952 D.0.. (1) SYNCMOTnc
=
" Mode 2, Com= 42095 02.. {1) SYNC-MOTtnc —
OUtPUt flles- ) :ﬂigffam_ VEIR OIED Mode 3. Com= 152379 0. (1) SYNC-MOTtnc L]
The right pane| - Mode 2, Com= 42095 02570
. Mode 3. Cpm= 152379 0.2044 -
contains all - Mode 4, Cpm= 13838.3 09628
- Mode 5. Cpm= 30679.3 04519
Chart and graph Made £ Frm_ 940£9 7 0 EAD i
settinas [ % sddFile | [ x DeleteFile|
g ' H Save Workspace Use Current Files —————
4 || 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:

VV VYV V VY VY VYVYYVY

e Log, semi-log or linear axis scaling.
e Grid lines (ON or OFF).
e Draw curves with lines, symbols or both.

e Automatic or manual axis scaling.

e L egend position (hidden, inside or outside right).

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.

2- Files with templates.
[/ Select a Graph Template _ @]9

1- Open graphics data file.

Eccentricty Ratio ve Bearing Load

i‘

Power Loss vs Bearing Load
[ OpenfFile 4 |ﬁ Graphics Output File  Ctrl+0 Minimum Film Thickness vs Bearing Load
: Maxi P Bearing Load
G1 NewWorkspace  Ctrl+N 15 Warkspace Ctrl+Shift+0 Slz’:Tz:kagmlasfan"\;vFlsow ?rr;ngeanang Load DOU eclic
Save Workspace  Ctrl+5 o Kypalteaan o an entr .
Doox/Dyy vs Bearing Load
ﬂ Save Workspace As... Min_Film ECC_Angle, Side leakage. Inlet flow & Powerdoss ve. LOAD
Min.Film,ECC.Angle, Side leakage, Inlet flow & Power loss ws. ECC
op  Append Workspace > I
Close Workspace
Recent Workspaces 0K ] [ Cancel I
Recent Output Files 3
B Exit
—> 2- Files with no templates. >
3- Configure Workspace.
/i Workspace Configuration: Chart(1) [=llE- s
4' P I’eSS El gﬁg:ph o Set Lines | Deails | Line Defauts | Annotations | Line Markers
[14 = Chats File Cortents ChantType  [ne
Show/Update o e,
2 (1 SMmCHAT e US Rotational Speed (RPM) - Unit  Rotstional Speed (RFM)
G rap hS button i :doo":; Rotational Speed (RPM)
H 3rd O
to display the
:: ggﬁ Units. Frequency (CyclesiMin)
chart/graph oo e
. :: gge‘ 4 Tst Onder (1) SYNC-MOT tne E
= 2nd Order (1) SYNCMOTinc
WiI ndOW. L [=] | Wods 1,Com= 14552 00.. (N SNCHOTING
o Mode 2. Com= 42095 02.. (1) SYNCMOTtno
e B EE AT Mode 3, Cpm= 152373 0... (1) SYNC-MOTine
Mode 2, Cpm=_ 42095 02570
Mode 4, Com- 198363 0.9628
Mode 5. Com= 306793 04519 i
7] e Current Files
[jcpgnwfmm “ESW/UpdaleGmpm I
V
) Graph: Default \El@
C:\Users\Public\Documents\ARMDG0\TORSION\ Samples\SYNC-MOT.tnc
1.600 =
g - 15t Order
o -~~~ 2nd Order
- == lode 1, Cpm= 14852 0.0878
1400 e —— Mode 2, Cpm= 4209.5 0.2570
/" =—==— Mode 3, Cpm= 15237.9 0.2044
o Branch #01 Speed
1.200 ol ==== Branch #02 Speed
g ,// v o :
w L -
;1.000 1800 RPM 7 P
s e
W o o
< 0800 o e
& e .
E //,,4 L
£ 0.600 o e 10800 RPM |
w g -zpeh
0.400 o
0.200
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. For further information, please contact us.

It can be tailored to suit your needs and budget. You R
2¢[C0) RBTS, Inc.

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 Rotor Bearing Technology & Software

download), quick start manual, electronic user's 1041 West Bridge Street

manual, technology transfer and training session Phoenixville, PA 19460

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

System Requirements: Telephone:  610-415-0412

Personal computer with Microsoft Windows 8, 10, 11 or Facsimile: 610-415-0413

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

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.

™
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

X RBTS, Inc.

ARMD has been utilized include rotating machinery such as a L ® ARMD Resellers
miniature air turbine for a dental drill, a large turbine generator set for L . . .
a power plant, a small compressor for an air conditioner, a pump for RBTS' software has gained international

an artificial heart, a fuel pump for a jet engine, an electric motor and reputation for its:

spindle for a miniature computer hard disk, a canned pump for . . . .
petrochemical processing plant, synchronous motor driven drive- ¢+ Technical Capabilities ¢ User Frlendllnegs
trains, and a gear box for an Uranium enrichment plant. ¢+ Completeness ¢+ Support & Service

CORBTS, i

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




