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ARMD" ROTLAT ......

vslz The Worldwide Leader in Software for Rotating Machinery Dynamics

The rotor dynamics lateral vibration analysis package uses a finite-element based
formulation, for performing damped and undamped natural frequencies, mode shapes
and stability (ROSTAB & ROTORMAP), synchronous unbalance response (ROSYNC),
steady-state response (ROSSRP), and non-synchronous time-transient response
(RORESP) of rotating machinery. The five sub-modules are integrated by ROTLAT's user
interface. The user interface controls the sub-modules to provide a complete rotor/bearing
system dynamic analysis environment integrating the rotating assembly with its support
bearings, wear-rings, seals, aerodynamic effects, support structural flexibilities, etc.

Variable
Temperature

I
T

ROTLAT incorporates advanced modeling features and capabilities including the following:

Rotor of various configurations: Solid, Hollow, Tapered & Stepped.

Shaft material damping.

Gyroscopic effects (discs with angular degrees of freedom).

Element geometry, stiffness diameter, or element stiffness.

Bearings of all types: Cylindrical, Conical, Tilting Pad & Rolling Element.
Bearing models linked to rotating assembly at any station.

Bearings vertical elevation for accurate bearings load computation.

Springs: wear-rings, seals, aero-dynamic effects, squeeze-film dampers, etc.
Springs models linked to rotating assembly at any station.

Bearings support systems; casing and foundations.

Static foundation/pedestal flexibility (mass, stiffness and damping).

Dynamic (frequency dependent) foundation/pedestal flexibility.

Discs: couplings, impellers, sleeves, etc.

Moment release (pin-joint) at shaft stations.

Multiple unbalance forces at any location and phase orientation along the shatft.
External excitations and body forces: sinusoidal, step, ramp and pulse type functions.

VVVVVVVYVVYVYVVYVVYYY

® The release of RBTS’ ARMD Version 6 Rotor Dynamics 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 analysis 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
rotor/bearing systems for lateral vibrations.
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ARMD™ V6.2 — ROTLAT Package

ARMD ROTLAT 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 element stiffness diameters, user specified stiffness for such
elements as flexible coupling or disk plate, expanded user-defined forces application, better
access to temperature dependent properties, seamless integration of modeled bearings
and springs (such as wear-rings, seals, aerodynamic effects, squeeze-film dampers, etc.)
all combine to provide more accurate modeling and better matching of analysis results to
actual system empirical results.

New Enhanced Modeling, Usability and Technical Features:

» 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 or pop-up menu lists.

0 System El @

Materials | Elements | Discs | Bearings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Element Stiffness | Station Moment Release

) lUse User -
Nateel oper Lengh OD1 D1 OD2 ID2 Stffiness TS Specfied Name
Diam Stiffness
E 49 1 [l 187| 2500| 00| 2500 OO (| 0.0 |None |w
= 50 | 9 ] 79| 2578| 00| 2578| 00| [ 0.0 [None |w
0 51 9 ] 159 | 2817| 00| 2817| 00| [ 0.0 |Mone | w
:2 i
i [=]
2| [ o
N Description  Solvers Options | Matural Frequencies / Mode Shapes | Unbalance / Steady State Response  Time Transient Simulation
lil Matural Frequencies and Mode Shape Options
= Qutput Options
[ Row d
(®) Cycles/Minute (@ Damping Ratio [J Compute natural frequencies and mode shapes where
() Hertz (") Log Decrement the critical damping ratio is below 0.0
@ Applied Loads e[ E ]
Predefined Applied Loads
Station Direction Load Frequency Phasze Angle Start Time End Time Mame "~
14 44 |Forcein Y 21753 23100 TRTTR 0.0 10000.0 | Compressor Throw 3 Y 5th Harm.
v I I I N N e
16 44 |Forcein Y W 51633 15800 48508 0.0 10000.0 | Compressor Throw 3 Y h Ham. - 3‘
< >
= Ole Cancel Help F =Y
Shaft station number
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ARMD™ V6.2 — ROTLAT Package

» Multiple instances of ROTLAT. The newly developed package can now open simultaneously
multiple instances of ROTLAT, so modeled shaft and components can be moved easily between
different system models to allow fast, side-by-side comparison of model variations and analysis
results. This functionality permits multiple instances of ROTLAT Version 6 or Version 5.8 to be
accessible on your screens.

@ Rotor Dynamics (C:\Users\Public\Documents\ARMD60\ROTLAT\MotorCompressor100Load-Baseline.roi .. — = (=21 Rotor Dynamics (C:\Users\Public\Documents\ARMD60\ROTLAT\COMPRES.ROI US) = =
File Edit System Options Appliedloads Run View Tools Window Project Help File Edit System Options Appliedloads Run View Tools Window Project Help
) New (5 Open g Save | % Cut (3 Copy [ Paste | [} System Model | Insert Value: [ Mew [ Open [l Save | % Cut [ Copy [ Paste | [ System Model | Insert Value:
@ System (== =] & System [=|F=-|&==] | System Model e ==
; Jsers\PubliciDocuments ARMDE0IRCTLATICOMPRES.RCI
Blements 4 “« ey
Materials Discs | Beatings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Blement Stfness | Stat Materials | Blomerts | Discs | Beatings | Bearing Loads | Speeds | Static P o e e e T St oL
o ass er ~ - ~]|  Frating Speed Range 6000 to 12000 Rpm.
Nombe Teper Llengh  OD1 D1 0D2 D2 SIﬁness D‘ame‘er Ss?;fmlled Name NAedl Taper Lengh OD1 D1 0D2 12 § fluid film Tilting Pad Bearings atstations 5 and 10,
nioss
E AL D 50| 2800] 00| 2800( 00 |:| 0.0 [None |v E, 1 Bl o 075 0888 | 0.0] 0888 00
E 2| 1 500 { 0| 00| ao0foo O 0.0 [None |v E 2| [m] 225| 15| oo
o 3 ‘a‘\f.e 55 D“Wg-7 0| O 0.0 [None | . ol R 0 o5 275 00| 235
2, “ ET \“E !p 0ca - > 2 a1 [m] 072| 175| 00| 175
N\ Voo -‘”‘ =N 5 1 O 072| 175| 00| 175
c“-\c 50( System Model EE=] - sl 1 01 05| 2m o0 2% 0o
\e €S S rublicDocumersARMDED! \RCTLAT\MotorCompressor100Load-BaseLine.roi o P
1 O 475| 26| 00| 26
Motor Driven Reciprocating Compressor Drive Train ’ -
Rotor Dynamic Lateral Forced Vibration Analysis-Speed=300RPM - BASELINE B- g1 [0 | 46| 26|00 26
Motor Supported by 1 Journal Brg @ NDE - Support Structure Included = e O a1 26 00 2e
0o [m] 275| 26| 00| 26
- =] - =
< >
Ok Cancel Help
s
« B —_—  Adallenqth=6704849m ———————— = Ee etk ena (Rl mbeg - ixial length = 20.66 inch ————#=

No project open Ne project open

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

bellow: Auto Mathematical
Conyert expressions,evaluator
az ] Rotor Dynamics (C\Users\Public\Documents\ARMD6NROTLAT\MotorCompressor100Load-BaseLine.roi SI) = =

roject  Help

File Edit Options Applied Loads  Run  View Tools  Window

3 New [ Open [ Save | § Cut [ Copy [ Paste System Model D Convert Units MIHSEFT VEIN=((1.5"2+1.842))-3.13]
Stiffness
= System Diameter EI@
Tab;[ Materials | Elemerts | Disce | Bearings | Bearing Loads | Speeds | Static Pedestals amic Pedestals I Springs: Seals & More IIEIement St'anessI Station Moment Release
|
. User
Material iz Stiffness =
Number Taper Length oo |8} D2 D2 Stgfness Diameter Sp_ecrhed Name Element
iam Stiffness .
= w | 1 | O | 1275 0] 00 B B0 o | v Properties
E 12 1 O 155.0 4350 0D O 0.0 |None | w
EI 1 2 (| 115.0 | 731.056 | 0.0 (| 0.0 [None |+
Tool 2 1 2 (| 115.0 | 731.056 | 0.0 ] 0.0 [None |w
Stri —] +N 15 3 O 75.0 | 877591 | DO # Shaft Element Selection Summary for Rows 13- 14 = O
P | 16 3 (| 1400 | 877591 | 00 Shaft Length = 230_0 mm »
Shaft Weight = 335.7528 kg
17 3 O 140.0 | 877591 | 0.0 Shaft Tnertia (WRS) = 22 63731 kg-ms
- 18 5 (| 1400 | 877591 | 0.0
- Total weight = Z€33.753 kg (Shaft + Disc) “
L g; 13 3 (| 140.0 | 877591 | 0.0
= Ok Cancel Help " Check for System Emors iy
Element Material Number \Data
validation

No preject open

N = Move row Up :2  SplitElement Mark/unmark
# [E Moverow Down *N  Divide into N elements elements

© _ Colorrows

© M Reverseorder of " Change material

elements on the shaft

¥= Get Summary
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ARMD™ V6.2 — ROTLAT Package

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.

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 v Enable Units Conversion from Expression Evaluator

is accessible from the Tools menu, and can be declared  PEEFEEITTEEETS

for all data fields. Set Rounding Precision

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

>

k==

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

Rotor Dynamics (C:\Users\Public\Documents\ARMD60\ROTLAT\MotorCompressor100Load-BaseLine.roi SI) = B
File Edit System Options AppliedLeads Run View Tools
3 New (25 Open |gl Save | % Cut [ Copy [ Paste | [} System Model |[] Convert Units Insert Value:

Window  Project  Help

e — —————
& System Ele=]= Applied Loads [=[@][=]
Predefined Applied Loads
Materials | Blemerts | Discs | Bearings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & Wore | Element Stffness | Stafion Moment Release
Station Direction Load Freuency | Phase Angle  Stan Tme L
Material U giffngss  User ~
e Teper lengh OD1 D1 OD2 D2 agflg;ss i Ss'iﬁi@if Name v 1 [ Force nx v 78053 33000 76478 0o 100000
= T s ol 0 T 2 44 [Forcein % v 78230 29700 84173 00 100000
1 7 one | v
E T O wma msal 00 0 ol 3 24 [Forca X v 152970 13200 11134 00 100000
12 1 .0 [Nere [
o 2w sl & ol 4 44 [Forcein X v 197560 19800 12072 00 100000
13 lone | v
o2 > 1 1 im0 7aise | 0n 5 —F 5 44 [Foroe in X v 202560 26400 31147 00 100000
B 14 one | v
- 2 | O o0 gr7eo | 00 O s 6 44 [ForceinX v 471350 23100 15004 0o 100000
# 15 7540 877 one_| v
44 [Forcein X v 566250 16500 94,624 00 100000
I s e [
” 0 872. 00 .0 [Nere |
- — 9 44 |Force in X v 1192500 990.0 58541 00 100000
B 18| 3 [ O [ woo|smse oo O 00 [Nore |+
4= w| 3 [ 0O 1400 | 877591 | 00| 877531 | 00| [ 00 [Nore |+ P@ System Madel ===
A CAU c\Doc: ID60\ROTLAT\MotorCompressor100Load-BaseLline. roi
& o[- | Motor Driven Reciprocating Gomressor Drive Train
- = Rotor Dynamic Lateral Forced Vibration Analysis-Speed=300RFHM - BASELINE
Descrption | S01ves Opfirs | Natural Frequencies / Mode Shiapes | Unbalance Resporse | Time Transient Smulation Motor Supporied by 1 Journal Brg @ NDE - Support Structure Included.
Fostures / Output Cortrol
(~ Enable automatic calculation of Pedestal / Housing
 beangs and srings cosfficerts Pedestal / housing consicered, sther
@) Disable automatic calculation of
® bearings and springs cosfiicients .
@®) Static pedestal mass, stffness and damping, or
Gravtationsl body force factors
X Direction 00 ~ Dymamic frequencydependent) pedestal
) mass, stffness and damping
¥ Direction 10
Sover Optios . -~ 810 12 1 RIS AN 20 2 20 1D 42 44 48 48
ways use nclude L n =
4DOF Gyroscopics 9 11 13 NSHVSHGS 2N 20825 2 941 43 45 47 4
Stability analysis
Urbalance response analysis
Time Transient anaiysis
Cittical Speed Map O O
Stabilty Map
v
=t Auial length = 6704.849 mm -
ok Cance! Help
No project open
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ARMD™ V6.2 — ROTLAT Package

» 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.

» Shaft Material Temperature. Material operating temperature is readily input and enabled, to
capture the temperature dependent material properties and their effect upon rotating assembly
dynamic characteristics. Particularly useful for shafts in high temperature applications like steam
turbines, rolling mills or extruders.

Material Material
@ System | Temperature Library [ = | & |l
Materials | Elemerts | Discs | Bearngs | Bearing Loads | Speeds | Static Pedestals | Oynamic Pedestals | Springs: Seals & More | Element Stiffness | Station Mgment Release
; Use ) ) Get
mﬂ;ﬂﬁ; Shear Modulus Density Operating Tgrﬁ;e’mﬁ:tngre DE'EITI CI:IDT_Q Mame V,?rl;rﬁs
Temp Library
1 195550.0 79290.0 78334 O 0.0 0.0 | Stesl
2 195550.0 79250.0 35152 O 0.0 0.0 | Motor Core Ends
o oo
4 155550.0 79250.0 78334 [l 0.0 0.0 | Compressor Steel
= Ok Cancel Help + Check for System Emors =
Material Young's Modulus of Elasticity M/mm*

» Stiffness Diameter can be used to enter the equivalent mass-elastic properties of complex shaft
sections, motor lamination stacks, shrunk on disks, etc. When selected, stiffness diameter is used
to compute element stiffness while element geometry is used for computing element weight and
inertia properties.

» Discs & Disc Calculator. Discs representing concentrated mass with/without inertia properties can
be located at any station along the shafting system. A disc calculator is implemented in ROTLAT to
compute weight, polar and transverse moments of inertia for user defined single or multiple disc
geometries. Calculated weight and inertia properties are automatically placed in the appropriate
cells in the Discs form.

a5 System E\@
Materials | Elements | Discs | Bearings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Hlement Stiffness | Station Moment Release
Station Weight PDLafrI:'Ienrtr:'laem Transverse Unbalance Phase Disc Name
J 1 1 75 144 125 0.0 0.0 |Coupling
Ig_ ’ 2 m-; Disc Weight, Inertia and Transverse Moment Calculator = B
Length oD D1 oD2 D2 Density foal Offsst
1 20 40 20 0o 00 0283 Do for System Emors =
+ » 2 I 60 20 00 0.0 0233 00 F e
Djsc Station Number
Units Overall Adal Offest Description
@®us O sl 0.0 Coupling

Results
| Weight Polar Inertia Transverse Inertia Center of Gravity Offset
A 2015227 3.378469 28.14219 4.441176e-01

Disc Calculator Button

Load Density from Matenial Llbrary

Load Table Save Table Save Table As Calculate

K Cancel Help
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ARMD™ V6.2 — ROTLAT Package

» Bearings can be located at any station along the shafting system. Bearings are the fundamental
elements supporting the rotating assembly, and any internally generated or externally applied forces
and moments. Their dynamic properties (stiffness and damping coefficients) can be manually
specified or automatically generated when bearing models are linked to specified stations on the
rotating assembly.

i System El@
Materials | Elements | Discs | Beanngs | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Element Stiffness | Station Moment Release
Station  DOF Type Cogfoﬁucrf;ts Input File (e.g. Mon-dimensional or other) Stl;iltis ?;DE?: Eﬁg CD?B?‘[?;I;%TS Blewvation
""" T Co T T
4 1 2 | Fixed joumnal v | Auto % || Pinion(01AsDesignedPressure DamBearing-MOOV... | Found | E Edit | 0.0
13 1 T
2 17 2 | Fxed joumnal l Auto S Pinion01AsDesignedPressure DamBearing-MOOV... | Found | ! Edit | 0.0
______ i Cocooooy
< Manuzl Bearing ® ScrollRight >
Manual Bearing
2 Fixed conical | ke Cancel Help Check for System Emors &)
1Titing pad
Bearing Station Number Roalling Element
Manual }{ - — -
Manual Static Pedestal ~ Dynamic Pedestal ﬂl}lljnengaad Description
Linked i ¥ || None

None ¥ || None

Typically, a bearing has two degrees-of-freedom (X and Y directions, Z being the rotational axis)
which is the default setting. ROTLAT can accommodate any number of degrees-of-freedom such as
4x4 for bearings with moment stiffness (Rolling-Element bearings or Thrust bearings). Similarly, for
Tilting-Pad bearings where pad pitch degree-of-freedom are to be considered (full stiffness and
damping coefficients NxN) the size is set to 2 + number-of-pads).

» Bearings Loads. Bearing applied loads due to rotating assembly dead weight and/or externally
applied forces and moments on the rotating assembly, can be automatically calculated or manually
specified in the form. To automatically calculate bearing applied loads simply press the calculator
button on the left side of the form.

0 System El @

Materials | Elements | Discs | Bearings | Bearng Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Element Stiffness | Station Moment Release

Bearing 1 Load  Bearing 2 Load ~
Speed 5 3743 834
J Speed & 9973 54 32
Speed 7 59.78 54 32
Speed 8 11332 106.28 v
= Bearlng Loads Ok Cancel Help Check for System Emors

Calculator Button FeY

Bearing load calculations may-or-may-not consider dead weight load and externally applied
forces/moments, but also will take bearing elevation into account to properly compute bearings load
magnitudes and directions for each of the bearings supporting the rotating assembly. Bearings
Elevations are influential when indeterminate supports are considered with three or more bearings
such as those installed in multi-rotor power generating units.
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ARMD™ V6.2 — ROTLAT Package

» Speed Cases. Many speed cases can be considered in rotor dynamic evaluation with ROTLAT.
Speed cases entry and bearing dynamic coefficients viewing are designed for efficiency with copy
and deep duplicate functions (all linked values are duplicated).

> Static Pedestal.

T System E\@
Materials | Elements | Disce | Bearings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Blement Stiffness | Station Moment Release
Enter/Edit Speeds: Dynamic Coefficients Selector Current Coefficients at Selected Speed and Location
Speed 2 Station Type CDSE’ELCE?S Stiffness Matrix: Bearing Load: 1220 bf
9 18000.0 n N ‘.-’
» Ficed j | Aot
10 18600.0 ! g joums ° .
. i b K 75606.37 122947.0
183000 2 17 | Fixed joumal Auto
1 : Ky 5642324 8545 52
12 15000.0
b LA Damping Matric; | Edit Coeffcients I Update All Auto Coefficients I
14 194000 &  Cut Ctrl+X
3 Coefficients
53 Co Ctrl+C x ¥
15 15600.0| | o ?r _— - automatically updated
15 192000 B Paste i b Dx 111.4341 471215 for linked bearings
SR Clear Dy 43 68272 528 1042 when button is pressed
7 20000.00
=_  Insert Row F3 ]
ar Append Row  Cirl+F3
= % Delete Row Fa Ok Cancel Help Check for System Emors =
Speed B~ Duplicate Row F5 RPM

Bearings support flexibility such as bearing housing, support structure, etc. can be

considered in ROTLAT. These dynamic coefficients are normally defined in the horizontal X-
direction and vertical Y-direction with their mass, stiffness and damping characteristics. Any defined
static pedestal properties can be linked to any bearing in the system. ROTLAT not only
accommodates these coefficients but also can accommodate cross-coupled coefficients as shown.

15 System El@
Materials | Elements | Discs | Bearings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Blement Stiffness | Station Moment Release
Use
Cross Weight X Weight Y Stiffness X Stiffness Y Damping Damping Description
Coupling
Rl = | 50.0 500| 10000000  1000000.0 00 00 |NDE
i ) 1 1nn no 100 n 7 NNNNNNe e 3 NN N nn nnine
1321 System El@
Materials | Elements | Discs | Bearings | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Element Stiffness | Station Moment Release
Usze
| | Cross Weight X Weight ¥ Stiffness XX Stffness XY Stiffness YX Stiffness YY" Damping *X Damping XY Damping 'YX Damping Y
Coupling
1 50.0 50.0 1000000.0 0.0 0.0§ 1000000.0 0.0 0.0 0.0 0.0 [NDE
s 2 1000 100.0 | 2.000000s+06 00 0.0 2000000e+06 0.0 0.0 00 0.0 |DE
< >
e Ok Cancel Help Check for System Emors =

» Dynamic Pedestal. Similar to the static pedestal mentioned above, the dynamic pedestal defines
the dynamic coefficients as a function of frequency bands calculated or measured in the field.

& Pedestal / Housing Dynamic (frequency-dependent) Information for Pedestal 1 = B
FTE‘ET;T;Y g’\_q:;iln;ﬁ:y Weight X Weight ¥ Stiffness X} Stiffness XY Stiffness 'YX Stiffness Y Damping 33X Damping XY Damping YX Damping Y Description
1 0.0 1000.0 100.0 1000 500000.0 0.0 0.0 500000.0 0.0 0.0 00 0.0
2 1000.0 2000.0 1000 1000 500000.0 00 00 500000.0 0.0 0.0 0.0 0.0
3 3 A 3000.0 1000 1000 500000.0 0o 0o 500000.0 0.0 0.0 0o 0.0
4 3000.0 4000.0 100.0 1000 500000.0 0.0 0.0 500000.0 0.0 0.0 0.0 0.0
5 4000.0 5000.0 100.0 1000 500000.0 0.0 0.0 500000.0 0.0 0.0 00 0.0
Lower limit of fre[¥| Cross Coupling Enabled CPM
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ARMD™ V6.2 — ROTLAT Package

» Springs. Provides the means to introduce dynamic characteristics (stiffness and/or damping
coefficients similar to bearings) affecting the rotating assembly. This option permits the user to
specify dynamic effects such as those arising from Seals, Wear-rings, Impeller Aero-Dynamics,
Impeller Hydraulics, Steam Whirl effects, etc. that may be stabilizing or destabilizing forces on the
rotating assembly. Their dynamic properties (stiffness and damping coefficients) can be manually
specified or for some elements (shown below) automatically generated when these elements are
linked to specified stations on the rotating assembly.

&0 System El@
Materials | Elements | Discs | Bearngs | Bearing Loads | Speeds | Static Pedestals | Dynamic Pedestals | Springs: Seals & More | Hement Stiffness | Station Moment Release
Data entry form for Springs: Wear-rings, Aerodynamic Cross Couplings, Magnetic Pulls and other stiffness / damping locations.
- == - I Wearqi ~
.| 1 Wear-ing
Station Type Cogzh:l:rfgds Input File StFalltis : ?;DEI?: E»ﬁl;t : Coeﬂicients: Prgf;:re Description
+ 1
4 % | Wearting ¥ || Auto ¥ || MuttiStagrPump Impellers\WearRing-MOD win Found 1 : : Edit | Edit Stage #4
T
5 11 |Wearting v || Auto ¥ | MultiStagrPump Impellers\WearRing-M0D win Found I 1 Edit : Edit Stage #5
T t
& 13 | Wearting v || Auto » || MuttiStagrPump Impellers\WearRing-MO0. win Found : i i Edit 1 Edit Stage HE
L
7 15 | Wearting w | Auto w | MuttiStagrPump Impellers\WearRing-MOD win Found 1 : : Edit | Edit Stage #7
T
3 8 Wearting Auto MultiStagrPump ImpellersWearRing-M0D win Found 1 1 Edit : Edit Stage 8
] ]
9 B DAloo e % Auto MuttiStagrPump Impellers\WearRing-MOD win Found : | i Edit 1 Edit Stage 9
i L
10 51 RO Auto MultiStagrPump ImpellersWearRing-MD0 win Found 1 | ] Edit | Edit Stage # 10 v
|ser Specfisd I ! ! i
< Wearing | bo-e  =e-e- >
Aerodynamic
= Squeeze Fim | Ok Cancel Help Check for System Emors B
Station Numb futo
ation Number EE-|
Auto 1
Linked |

» Element Stiffness. The element stiffness feature (matrix tab shown below) permits user
specification of elements stiffness matrices to be utilized in the shaft element form instead of being
computed internally by the solvers from the specified element geometry. This feature allows the
specification of element stiffness matrix for such elements as coupling, coupling connections, plate
elements, discs, or any other flexible connection along the shafting system.

Axisvmmetric Non-tapered Element

_ X X Y ay _ X oX Y oY o User Specified Element Stiffness Matriix = &
r 7 Foox Foxcx
X 1 ,1 1 ,2 1 ,3 1 ,4 X 1213?] 6€[ — 1257 6€I [2 5055006+07] 1.452900e+07
Ko Komeory
L L L L 3.004100e+07 -1.551200e+07
ax 2, 1 2 , 2 2 , 3 2 ) 4 ax 6EI 4EI — 6E[ ZEI Edit the values above to produce the effective stiffness matrix shown below:
r L i3 L p o ; =
0 1.452900e+07 | -2.505900e+07 | 1.452900=-07
Y 3 1 3 2 3 3 3 4 vl = 12E[ _ 6EI 12E[ _ 6E] ' R [ 1.452900+07 || 3.0041006+07) -14529006+07 | -1.5512006+07
’ ’ ’ ’ L3 LZ L3 LZ y | -2905900=-07 | -1452900=+07 | 2905900e<07 | -1.452900e+07
ay | 1.452900e+07 | -1.551200e+07 | -1.452900e+07 | 3.004100e+07
OFET 2ET 6El  A4FEI
av |41 42 43 44 | av| 2 = = = P d

» Station Moment Release. The station moment release permits specification of stations along the
shafting system not to transmit moment forces across the station while transmitting full shear forces.
This option lends itself to readily define a station reflecting shaft connections at universal joints,

&

Materials | Elements | Discs

Bearings

Bearing Loads

System

Speeds | Static Pedestals

[ynamic Pedestals

Springs: Seals & More | Element Stiffness

=]

=

Station Moment Release

22

Station

Name

» 1 - Flexible Connection

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

Opersting Speed Range 6000 to 12000 Rpm.
Two fuid film Tiling Pad Bearings at stations 5 and 10

Display Station Numbar
Display Filled Symbols
Display Scaled Discs
] Uniform Display Scale

Mode Shaps
Mode 2 F 853E+3 ] +

[ Animate Mode Shape

Animation Speed

Zoom

[ Print Materials in Color

Key Commands

|

2-D Model auto resizing gives user the option to “fit-to-page” complete model.

System Model

C:Users\PublicDocuments\ARMDS0IROTLAT\Samples\COMPRES.ROI
Uranium Enrichment Gentrifugal Compressor Rotor System Model

[olle =

Mode 2: 85284E+3cpm
Damping Ratio: 0.072
Direction: F

Axial length =29.68 inch

Y

User can

automatically view the model with the correct aspect ratio (Uniform Display Scale, shown
below), thereby permitting rapid, visual model review. Shaft models can be flipped from left

to right with a single button click.

System Model
s\PubliciDocuments\ARMDG0Y HDTLAT‘S mples\COMPRES ROI
‘‘‘‘‘‘‘ hment Centrifugal Compresser Rotar System Model.
Operating Speed Range suuum 12000 Hpn
Two fluid film Tilting Pad Bea;

Damping Ratio: 0.072
2 5and 10 Direction: F

Display Staticn Number
Display Filed Symbols
Display Sealed Discs
Unom Display Scale

Mode Shape:
Mode 2F 853630 v
< >

[ESN IR 5

Mode 2: 85284E+3cpm

[E=SEoE =)

System Model

:hmetC trifug
ced Range E[IEIEH 12DDDHpn
[Fue a« i i Tt gP d Beas

length = 29 66 inch

TodE STape

Nene

DEB ROTL k

ples\COMPRES.ROI
or Rofor Sysem Model

s5and 10

Flipped

Aozl length = 29.66 inch

Interrogate an element in 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 models with 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 @ info@rbts.com
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ARMD™ V6.2 — ROTLAT Package

» Text Output Viewer. User selectable
text output viewer that can be Word,
Open Office Writer, Notepad, WordPad,
or any other program which accepts text

W ARMD Settings = =
General | 2 DOF Layout | Recent Lists | Grid & Material Colors | Mode! Colors and Forts | Advanced

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

[ Application maximized at startup
[] Do not always display solver output

. . . g . Text Vi
file input. Settings are specified in the i N © o
ARMD Settings form from the help Toxt Viewsr Path:
menu. Browse...
Prefemed units
» One-click Quick Chart. This feature ® US Customary/Engish O SiMetric
rapidly displays an X-Y graph of entered Prefemed frequency units
tabular data for visual verification of @® Cycles /min (CPM) O Hertz (Hz)
correctness. ARM D Graph SOftW&I’e |S Preferred damping output units (Rotordynamics graphics only)
still available for complete graphic @® Criical Damping Ratio O Log Decrement
analysis capabilities Restore Defauits
Restore all settings to default. Restore Defaults
> Selectable Output Units. Selectable | = %" R =l
. Description  Selvers Options ; Natural Frequencies / Mode Shapes | Unbalance / Steady State Response  Time Transient Simulation
Frequency Units between CPM or Hz, -
|n aCCOrdance W|th the user’s Matural Frequencies and Mode Shape Options
. Cutput Options
preference, or the industry standard ; =
. . Cycles/Minute ampin i Compute natural frequencies and mode shapes where
format! can be Set SImply by CheCkIng (@] Hyerlz gig ;efrj:ent the cnticil damping rat\uqis below : 05
a‘ bOXIn the Optlons form' AISO . Critical Speed/Stabilty Map Condensed Output
damping parameter (Damping Ratio or Ciical Spesd Opts
Log. Dec.) can be selected. e
Operating speed 25000.0 - Final Bearing Stiffness
> Damped Modes. Users may eliminate b of mode shapesto !
graphical presentation of highly
damped modes by simply checking a
box and specifying damping ratio - P .
threshold. = =
» Critical Speed Map Options. Minimum and maximum support/bearing stiffness for critical speed
map can be user specified and can include gyroscopic/speed effects.
> Amplification Factors. Amplification factors = optes E=En )
In accordance Wlth API Standards are Description  Solvers Options  Natural Frequencies / Mode Shapesl Unbalance / Steady State Response l
'+ H H Unbalance Response  Steady State Response l Steady State Station Output Information ]
computed for user specified stations by simply
p . . . . . (O) Generate Cutput for All Stations (® Generate Output for Sel
specifying the desired stations for this option. — ——
 MOTORsyo [
=
AMPLIFICATION FACTORS FOR SPECIFIED ELEMENTS o i i
rEET GG WHEGTOn My | T — -
SHAFT STATION — Motor Non-Drive-End I
i 1500 3 558 e | Peak-to-Peak
Y-4XIS 6 £.92 1 “ Amplitude of
it g 531 i - °| Vibrationas a
SHAFT STATION — Nnn—Dr1K§Egnd Bearing . . . Station Description “ function of
4 2 é 0| Speed

SHAFT STATION — Drive-End Bearing
AKIS
T-AXIS

HaT . AXIS 1902

SHAFT STATION — Coupling ~ Drive-End
I-AXIS 1302 .35
I-AXIS 2976 .27

IR

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

Tel:610-415-0412 ® www.rbts.com @ info@rbts.com
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ARMD™ V6.2 — ROTLAT Package

NATURAL FREQUENCY, MODE SHAPE & STABILITY
Critical speed map

[ Display Station Number

Display Filed Symbols
Display Scaled Discs
[ Uniform Display Scale

Mode Sh
Mode 10F 7.926-3) ~

[ Animate Mode Shape

o Natural frequencies & mode shapes o
o Damped and undamped simulation o Stability map / Campbell diagrams
o Stability parameters (damping ratio, o Bearing reaction forces
logarithmic decrement) o Shaft weight, deflection, centerline slope, shaft
o Rotor orbit direction (forward/reverse moment, shear, & fiber stress diagrams
precession)
@ Solver Options }
Description | =alvers Options | Natural Frequencies / Mode Shapes | Unbalance / Steady State Response | T = Options EI@
Description | Solvers Options | Matural Frequencies / Mode Shapes | Unbalance / Steady State Response I Time Transient Simulﬁt\onl
Features / Output Control ]
Enable automatic calculation of Pedestal / Housing Matural Frequencies and Mode Shape Options HA
~ bearings and springs coeffcierts Fadsl /housng cors Outoct Ontions Natural Frequency, Mode Shapes & Stability
Disable automatic calculation of
- .hea"ngg and spings coefficients @ Static pedestal mass, stf @ Cycles/Minute @ Damping Ratio [] Compute natural frequencies and mode shapes where
= ) Hertz ) Log Decrement the critical damping ratio is below 0.0
X Direction: 0.0 Dynamic frequency depe]
- mass, stifness and dampi Critical Speed./Stabilty Map Condensed Output
Y Direction: -1.0
Critical Speed Options
Solver Options Stability Analysis Options Initial Bearing Stiffness 0.0
Always use Include
4DOF Gyroscopics Opersting speed: 38800 - Final Bearing Stiffness 0.0
SELGEERS Number of mode shapes to plot 12 0.0
Unbalance response analysis
Steady State response analysis
Time Transient analysis
Citical Speed Map ] ] ok | [ Caneal | [ Heb _
Stabiity Map
= Graph: Default s =& ARMD User Mode 1 26924E%3 cpm
CilUsers\PubliciD: ARMDS0\ROTLAT\Samples\ Turbi mg ROTOR SUPPORTED BY TWO OFFSET HALF BEARINGS Drar 0%
TURBINE CRITICAL SPEED MAP
2000 .. e l0dE # 1 .. 7@?7 (( 5
Critical Speed Map i Mol # 2 i
e o # 2
M o) d e 4 / Il
Modes H‘H H“ H T Il
|||||||||||‘|||||I‘IIIIII [t I I|II|I||I!I|||| |||||||‘|||umm i
i NN“ NW H” ‘ ”“ H I o
T
<
w
=
=
%U 100 B E—— L AL ————
= System Model El.‘: AR\A[\SmNm“rNPuh\r‘" ID60\Project\ROTLAT-Proj M cWithsealsNomCNomSetupro) = = RN
elenent 61 a|  ClUsersPublicDoc ProjectROTLAT-FrojecT\T M2Pedestalkl N = M@ nputFile S eurisga ) = .
ARMD User Mode 10: 7.9186E+3 cpm o mode 10 75263 com - ] ‘Shupeienpitiode’ 00 Control Selector (v
Name: RETS, Inc, Damping Ratio: 0.007 . Model
ROTOR SUPPORTED BY TWO OFFSET HALF BEARINGS Direction: F .
Lengen: % Graphics Output  »
‘s“;fa Text Output 3
o Check for Errors

Quick Chart

Arimation Speed ] Comactions
fnmtin
Zoom g " gy LI 2 ¢ [
SIS IS] = [ =

[ Prnt Materias in Color

Key Commands

Azl length = 5774.999

ROTIAT-Projectdl

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

High Speed Pinion

3 G Campbell Diagram - Natural Frequencies & Stability =y
C:\Users\Publiciy e i D\PinionRDA MU . S PEED
CAMPBELL DIAGRAM . Natural Frequency & Damping Vs. Speed

5. S
UNSTABILE MODES WHEN DAMPING RATIO IS NEGATIVE

. —— Wiode 1 Critical Damg. Ratio
0350 |—5— Mods 2 Crilical Damg. Rafio

2400

ILIUM SPEED
[MAXBAIN SPEED

0100 P —

20050 h\\—\ .
£ 000 L)Y FTEBL Stable L

= [URSTABIL T —— ]

Sam $‘E‘ Unstable e

1800 2400 Spasd (RPM) (E+04)
Speed RPM) (€404

{d Graph: Default EIIEI

C:\Users\Public\Documents\ARMDGMROTLAT\Samples\TurbineModel-M2Pedestal KWith SealsNomCNom Setup.stg

2D Graphics — Motor LowestEight (8) Natural Frequencies Modes of Vibration

1.000 —& M X 1378346103
0.900 | —B—M 1Y 0.041F
0800 —se—M 2X 1.73650E+03
: & —+—M 2 0.960F
0.700 | —o— M 3-X 1.80135E+03
] M 3Y 0.034R
0.600 —=— M 4X 2.41591E+03 [
0.500 ——M 4Y 0922F
. —A— M 5X 2.83186E+03 |
0.400 | : - —m—M 5Y 0173F
M 6X 4.22781E+03
0.300 ¢ g M BY 0055F
0.200 | M 7-X 5.19690E+03
——M 7Y 0.032R
g 0100 4 M B8-X 5.47308E+03
<L 0.000 b g —M 8Y 0012F
d' o N =
& -0.100
-0.200 t
-0.300 t
-0.400 &
-0.500 4
-0.600 8
-0.700 t
-0.800 |
-0.900 t
-1.000 : - A R : :
0 1,000 2,000 3,000 4,000 5,000

SHAFT LENGTH (mm)
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ARMD™ V6.2 — ROTLAT Package

» Generation of mode shapes as a function of support stiffness for Critical Speed maps and as

a function of speed for Stability maps.

C:\Users\Public'Documents\ARMD62\ROTLAT\S SResponseSample02-JeffcottRotor2Criticals-CSMapWithMode
[STEADY STATE SIMULATION EXAMPLE - Two Discs Rofor System Model

Operating Speed Range 1,000 to 10,000 Rpm -2 Crificals in Speed Range.
[Two Bearings Supportat Stations 3and 15

5 Options Control Farameters

Qutput

Rotor Model

Stability Analysis Options

[] Use Default Settings

Critical Speed Options

[ [ ||

e Transient Simulation

User Specified Settings
Critical Speed/Stabilty Maps Options Initial Bearing Stffness
Number of mode shapes 10/
Final Bearing Stiffness 1.000000e+07,
Generate Mode Shapes
Lowoens Norber o e
ss.cmg
Axial length = 32.0 inch Mode #1
ial length =32 0inch —————————————»
e \lode # 2 Ok | | Cancel ‘ | Help ‘
m— lode # 3
= Nlode # 4

0.1000
= S &
g =
w
=
o
=3
;gu; eals L ARMDEZLROTI AT\S SResponse Sample02-JeffcottRotor2Criticals-C SMapWithMode Shapes.cgx
[ CRTICAL SPEED MAF| MODE SHAPE # 1JFOR VARIOUS SUPPORT STIFFNESS CASES
0.0100
—fie— Caze 1, K = 1.000E+02 Mode
0'00117005,05 0.0001 0.0010 0.4 —F— Case 3, K= 3.162E+02 Mode 1 Y-Dir
Bry —— Case 3, K= 1.000E+03 Mode 1Y-Dir
L —+— Case 7, K = 3.162E+03 Mode 1 YDir
3 —=— Case 9, K= 1.000E+04 Mode 1Y-Dir
- 0 —=— Case 1, K = 3.162E+04 Mode 1 Y-Dir
= —7— Case 13, K = 1.000E+05 Mode 1 Y-Dir
22 —— Case 21, K = 1.000E+07 Mode 1 Y-Dir
04
0.6
-08
C:\Users\Public\Docypepts\ARM ROTLAT\SSRes) | -
CRTICAL SPEED MAPJ|MODE SHAPE # 2 JFOR VARIOL 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3
Shaft Length
! —=— Lase |, k= [UUUE+UZ Mods 2 Y-UIr
—H&— Case 3. K=23.162E+02 Mode 2 Y-Dir
08 —— Case 5, K =1.000E+03 Mode 2 Y-Dir
—+— Case 7, K=3.162E+03 Mode 2 Y-Dir
—c— Case 9, K= 1.000E+04 Mode 2 Y-Dir
0.6 —&— Case 11, K = 3.162E+04 Mode 2 Y-Dir
—— Case 13, K = 1.000E+05 Mode 2 Y-Dir
04 —#— Case 15, K = 3.162E+05 Mode 2 Y-Dir
) —h— Case 21, K = 1.000E+07 Mode 2 Y-Dir
02
o
=
< 0
i
]
o
-02
-04
0.6
-08
A p
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Shaft Length

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA ® Tel:610-415-0412 ® www.rbts.com @ info@rbts.com

Page 14 of 18




ARMD™ V6.2 — ROTLAT Package
Svynchronous UNBALANCE & STEADY-STATE RESPONSE

= Multiple unbalance planes/forces = Vibratory amplitudes and orbits = Foundation vibratory amplitudes
= Various types of external excitations = Magnitude and phase (Bode plot) = Forces/moments transmitted to
and body forces including harmonic = Rotor shape plots bearings and foundation
excitations/orders. = Dynamic forces and moments = API Amplification factors
'®0ptmns PR e R \JTW sonne| Motor Rotor Model — Un Shaded

— 5000 Horsepower Electric Motor Analysis
Description | Solvers Options I Natural Frequencies / Mode ShEPESH Unbalance / Steady State Response | Time T Normal Operating Speed = 1800 (RPM). Two Fiuid-Film Journal Bearing

Bearing data is generated wih the bearing module JURNBR

OO0 09 0

H Unbalance Respense | Steady State Response | Station Output |
[

SynCh ronous Compute unbalance response averthe range of speeds shown here:
Unbalance
Response
Inttial speed 5000 - RPM
Intermediate speed  1800.0 ~ RPM
Final speed 3600.0 - RPM 6 8 16
7 9 15
Mumber of speed increments 100
C:\lisers)PubliciDocuments ARMDSROTLATISamples MOTOR 5 —
MOTOR SYNCHRONOUS UNBALANCE RESPONSE ANALYSIS RESULTS IN GRAPHICS FORM
Peak-to-Peak
Amplitude of Amplification Factors at Select Stations
Vibration as a oo | o
. =
fu nction Of AMPLIFICATION FACTORS FOR SPECIFIED ELEMENTS -
Speed HEASUREMENT FREQUENCY AMFLIFICATION  ANPLITUDE
TYPE (CPH) FACTOR (mils Pk-Fk}
[ SHAFT STATION - liotor Non—Drive-End
g E-AHIS 18709 4.31 4.531
< ¥-AXI5 1386 .4 3.96 1.873
£ ¥-AXIS 2914 & 6.92 1.443
2 MAT. RXIS 1870.9 4.30 4.797
HAJ. AXIS 29457 9.21 1.817
SHAFT STATION — Non-Drive—End Bearing
E-AX: a 1 5
T-AKIS 4 El 2
a 1 5

MAT. EXIS
M.

SHAFT STATION - Coupling - Drive—End
E-AXTS

X-AXIS 2976
T-AXIS 2945
HAJ. AXIS 1902
MAT. AXIS 2945

' B v

H
)
Nouwe omo

-

@
wwwwe @on
=

-

v .

IOuputSEt: ROSYNC Vibrational Amplitudes = | Output Set Property: 4 2042.42 RPM - el Shape Amplitude 2000 Cursor Control Selector 7+

= Shaft Blement 4 ~

-=® Shaft Eemert 5

Shaft Element &

Shaft Bemert 7

Shaft Element &

- 0D1 12N
] D10

- 0DZ 121
|

ID 20
len : 12
--=® Shaft Element 9
=0 Shaft Bement 10
= Shaft Blement 11 v

Viewpairt
Rotation about:

150 YZ *Z XY

Visibility: Show

Mesh Solid
Elipses Center Lines
[] Discs Bearings
Connections

Animation

. b ’I Animation Speed [.

. . 3D Graphics — Dynamically Deflected Rotor at Critical Speed of 2945 rpm
= Soae Animation available for enhanced viewing.

Enclose

Vibrational Amplitude in mils, at selected RPM, scaled by Shape Amplitude No project open
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ARMD™ V6.2 — ROTLAT Package

» Implement feature for scaled amplitude of vibration to be user specified in the below form “API Scaling”
tab. For example, APl 617 criteria for compressors states “vibration response at each vibration probe,
for considered unbalance amount and for cases of interest, shall not exceed the mechanical test
vibration limit Avl, of 25.4 micrometer (1.0 mil) or the equation shown below, which ever is less".

T Options

Description  Solvers Options  Matural Frequencies / Mode Shapesl Unbalance / Steady State Response | Time Tran:

Unbalance Response  Steady State Response  Station Output [ AP Scaling

Enable AP Scaling (Unbalance Response Only)

1500.0{ RPM
Maximum Continuous Speed (Nmc) 1800.0f RPM
Mechanical Test Vibration Limit {Avl) Mils

C:\Users\Public\Documents\ARMD62\ROTLAT\MOTOR.syg

Minimum Allowable Speed (Nma)

In Sl units: Avl = 25.4 Sqrt(12,000 / Nmc)
In USC (English) units: Avl = Sgrt(12,000 / Nmc)

Mechanical test vibration limit value Avl is
computed by the user in accordance with
appropriate equipment API specifications and
specified in the form. Solution is performed and
results are normalized utilizing the Avl value, as
shown in the below generated graphics output.

MOTOR SYNCHRONOUS UNBALANCE RESPONSE ANALYSIS RESULTS IN GRAPHICS FORM.

. . A —&— Ampl- N# 002
3L Unmodified Amplitude fr‘.' W |—5— Amol. N#007
12l W [—— Ampl.-N#008
Y |—— Ampl-N#013
11 % |—S— Ampl-N#016
10+ SN
= *h X,
o X
a @ i,
2 6} / X
E" 5 ; 0 -‘\__‘:‘
< o :‘:-__:_: 5
4t S g
ir TReg B,
2 r BT e e e i
1 A
Y — i : i i .
500 1,000 1,500 2,000 2,500 3,000 3,500

Rotor Speed (RFM)

C:\Users\Public\Documents\ARMD62\ROTLAT\MOTOR.syg

MOTOR SYNCHRONOUS UNBALANCE RESPONSE ANALYSIS RESULTS IN GRAPHICS FORM >> Per APl 617 Normalized Amplitude <<.

9
. ; —&— Ampl.- N# 002
8.5} Normalized Amplitude per API 617 —5— Ampl- N# 007
8t —— Ampl.- N# 008
7ar —t+— Ampl.- N# 013
= 7t —E— Ampl.- N # 016
T6ES5F
© gl
(v
4? 35}
6;4.5 F
= 4
E35¢
@
g 3y
EE.ﬁ r
< 2}
15¢
1 L
05} i
[] ------------- L
3,500

1,000 1,500 2,000

2,500 3,000

Rotor Speed (RPM)
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ARMD™ V6.2 — ROTLAT Package

Cousers\Public\Uocuments\ ARMUDG 1'RU LA T '>amples\soResponsesamplel 1-JemncoltRotor.rol
{ia71) Opllons STEADY STATE SIMULATION EXAMPLE - Single Disc Rotor System Model

Operating Speed Range 1,000 to 10,000 Rpm -1st Critical Around 6250 RPM
Two Bearings Support at Stations 3 and 15

Jeffcott Rotor Model

| Description I Solvers Options I Natural Frequencies / Mode Shapes I Unbalance / Steady State Resp:

Unbalance Response | [Steady State Response | Station Qutput @

Peform Steady State Response using these features:

Disc Unbalance
Steady-State Response ] Precefined Applied Loads 2 4 6 8 10 12 14 16

[ Gravitational Body Forces

Steady State Response Speed Selections:

() Compute steady state response at | 50000 [===] ==
Agial length = 320 inch
@) Compute steady state response over the range of speeds showr @ Graph: Default EI@
. C:\WUsers\Public\Documents\ARMDG1\ProjectiROTLATG1-
Inttial speed 1000.0 *~ RPM ' samplesFolder\SteadyStateResponse SampleCases\S SResponse Sample01-JeffcottRotor.sxg
Intermediate speed  6000.0 * RPM
02000 mm— R-Ampl-Spd = 6030.15 rpr
by el 12000.0 il T X Ampl-Spd = 6030.15 rpm|
e (- Ampl-Spd = 803015 rpm|
Number of speed increments: 200 0.1500
:
W 01000
=
o
=
<= 0.0500
Ok | [ Canced | [ Heb = 4 8
g
2
o o s 0.0000
C:\U o1 Pubhc Documenty ARMOS 1 ProjectROTLATE ases JeMiconfiotor syg E
AMPLITUDE [ r
-0.0500
-0.1000 - - -
0 10 20 30
Shaft Length (inch)
c:\u :
samj RoOtor Shape Plot At Select Speed — Displacements & Phase Angle.
240
[ PR -Spd = £030.15 rpm|
220
4000 8000 0 1200 200

L,

=
@
=]

a
"~
=
2

Phase Angle {
oo

o ® o B B
S & 3 & &

=
=

;..“&"““*""‘“"""1 Amplitude & Phase Vs. Speed I""*‘" e \ j
| e | 2

1 2 10 15 20 25 30
1,000 12000 Shaft Length (inch}

[
=

o

=)
2

O 0 rap et = e - |

c JeficonR
Steady state Response - Amplitude Vs. Time @ 6030 rpm

Cursor Contral Selecto

10000

N 003 Ampl X
N 003 Ampl Y
05000

25000

10000 " L
o000 0 02000

Orbit @ Station 1 | Orbit @ Station 3 Orbit @ Station 9

Visblty: Show
] Mo 2 S0

[= - [
] Daca. 2 Beasrgs
A Comectons (] Sce

") m:w

Copy Ato
Enckes | | 2 | |22
Vibrational Ampitude in nch, at selected RPM, scaled by Shape Ampitude No project open
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ARMD™ V6.2 — ROTLAT Package
TIME-TRANSIENT RESPONSE (Non-Synchronous)

o Gravitational and external forces: Multiple o Rotor orbits o Transmitted forces
sinusoidal, step, ramp, pulse and unbalance o Dynamic forces and moments and moments
o Vibratory amplitudes time history o Dynamic stresses o Pedestal vibratory amplitudes
0 Options Lol E ] ! Requested Stations and Directions for Output
Description I Solvers Options | Natural Frequencies / Mode Shapes | Unbalance / Steady State Response | Time Try ¥ Options [E=H|Hom|=x2)
Time Transient Control Options | Stations for Output Information | Stress Information | | Descrption | Selvers Options | Naturl Frequences / Mode Shapes [ Unbalancs / Steady Stats Responss| Time Transint Simulstion |
—————— Time Transient Cantrol Options || Stations for Output Information | tress Information |
Perform Time Transient Response using these features: v —
Station Mp)litude an}:lude Rot)action Rm:ﬁon ﬂplnudg mplrtudg Description
Non-Svnch ) 1|2 [} [} [} =]
on-syncnronous e Unoslance ey |'n | o | @ | @ | 8 | &8 [ |
Time Transient _ Predefined Applied Loads 3 |z 0 ] [} a
Response —Various o I o] a [} a
combination offorces e 5 [ E | 8 | & B
can be considered. Cortinuation nin g |41 [F] [ 7] [
@ Applied Loads o] ===
Predefined Applied Loads
Computte time transient response ot (EENINMMMIIEN - | RPM Station Type Direction Load Frequency Hamonic  Phase Angle =
5 44 |Time Transient ~ |Force in X - 202560 2640.0 00 31147
AT 16384 5 44 [Time Transient ~[Force in X - 471350 23100 00 15004 | |
ot e G Toe 5 000000e04 Seconds 7 44 [Time Trensient v [Force in X - 56625.0 16500 00 94624 | |=
B CTERNCICSWMNE e o] oo sl
o I e Tomen [~ [foce - T ) T I |
T " ) 10 I Time Transient +|[Force in X - T T T
9500 HP Motor Driving Reciprocating Compressor mmi
-E l I- l 142,16
C\Users\Public\Documents\ARMD60'\ProjectiMotorRecipCompressor-SampleCase\MotorCompressor100Load-BaseLine roi  wmo| o] o]
Motor Driven Reciprocating Compressor Drive Train. [ woo] 0| wm|]
Rotor Dynamic Lateral Forced Vibration Analysis-Speed=300RPM - BASELINE 26400 i 554
Motor Supported by 1 Journal Brg @ NDE - Support Structure Included. 19800 00 12508 | -
*
_H leln
__| CompressorExcitation |
Forces At Normal
Operating Conditions

Motor — 1 Bearing Support Compressor cipCompressor-
- . Axial lenath = 6704 849 mm
Shaft Vibratory Displacements at MAX Load MAX Speed 0.200 —&—Brg# 1 XForce
0.400 —— Brg# 1 Y-Force
—&— Amp@ 6, X-Dir 0.000
0350 —G— Amp@ 6 Y-Dir
0.300 —— Amp@ 6:HX-Dir -0.200
0250 —+— Amp@ 6:HY-Dir .
0.200 —5— Amp@ 34 X-Dir 5 -0.400
0.150 Amp@ 34; Y-Dir w
0100 e 5 5001 pynamically Transmitted Forces to Motor Bearing
E 0.050 —A— Amp@ 41; X-Dir ="
< 0.000 —— Amp@ 41; Y-Dir i
Z00s0 g V=T !
-0.100 - i i ; , y
0150 ]
0200 il g sk i @ 8 10 12 11 16
} ! ;
0250 4 TIME (Secands)
-0.300
-0 350 Motor Shaft ORBIT at Support
0400, 7 25 1 w10 [Bearing Due to Reciprocating
TIME (Seconds) [Compressor Excitation
0170
FFT - Motor Vibration at Support Bearing 2180
0.800
—te— Amp@ 6. X-Dir
0.750 0190
0.700
0.650
0.600 Erﬂ 200
com0
0450
Eﬂﬂﬂﬂ -0.220
20350
E
<0.300 -0.230
0.250
0.200 -0.240
0.150
0.100
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mp. mm
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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 e A

may purchase any combination of programs/modules EgCE. R BTS | nc

or all if you wish. Licensing is available as a single s\ ! .

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
ARMD has been utilized include rotating machinery such as a
miniature air turbine for a dental drill, a large turbine generator set for

X RBTS, Inc.
© ARMD Resellers

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 . L . .
petrochemical processing plant, synchronous motor driven drive- ¢ Technical Capabilities ¢+ User Friendliness
trains, and a gear box for an Uranium enrichment plant. + Completeness ¢+ Support & Service

“CORBTS, inc

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

Please contact Dr. Andreas Laschet as RBTS’ consultant and representation
for the regions Europe, Middle East, Africa with the following communication details:

Dr.-Ing. Andreas Laschet - Apolloniaweg 6 - 51515 Kuerten - GERMANY
Phone: +49 2268 901650 - E-mail: info@laschet.com - Web: www.laschet.com




YOUR PARTNER
for Europe & Middle East & Africa

Support for other countries on request.

e Customer Engineering Support
(Rotor Dynamics & Torsional Vibrations)

e ARMD Software Support

e Training Courses & Seminars

Dr.-Ing. Andreas Laschet

Engineering Service & Technical Consulting

Apolloniaweg 6 - 51515 Kuerten - GERMANY
Ph: +49 2268 901650 - E-mail: info@laschet.com - www.laschet.com
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Please contact Dr. Andreas Laschet as RBTS' consultant and representation
for the regions Europe, Middle East, Africa with the following communication details:

Dr.-Ing. Andreas Laschet - Apolloniaweg 6 - 51515 Kuerten - GERMANY
Phone: +49 2268 901650 - E-mail: info@laschet.com - Web: www.laschet.com




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.

00 01 02 03 04 05 06 07 08 09 10 11 12
ROTATIONAL SPEED (RPM) (x 10°)

20
G:\ARMDWIN32\TORSION\Samples\SYNC-MOT.TNC m MOTOR & COMPRESSOR MOTOR START-UP TORQUE ‘ Synchronous Motor Start- Up Torque
TORSIONAL CRITICAL SPEED MAP (CAMPBELL DIAGRAM) - NATURAL FREQUENCY VS. SPEED 18 Al TORQUES VS. SPEED .
| \Flexible bisc Colipling J
i i \
th ath, (-#p . “ ‘ \ e
F é\o «\(\\0 8 ||Hmu {
< 2 |
g2 /[ & 8 i h JHM," i 1;
z s P s | | I AR
g Y. Mode # g
H] g B 2
i PZ 55
S L >3
. B
s T | g
o} 2 H T ‘
2 ) SE 4l poos P, s v 1000 o0 High Speed Compressor Shaft Start-! UpTorque
3 // ROTATIONAL SPEED (RPM) [T0)
& Mode 4 'COMPRESSOR Stub Shaft TORQUES VS. TIME
[ - < >
Mode # s A /" /‘ T
E L m B
g, 7 \ 7\ 1, M Wlu AR
oF AR AR WA AR WA
2 { LWARY / EW SN LW
v v v -
5 2 2

Dynamic
Ten Thous:

010 015
TIME (SECONDS)

® 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.

e

System

fo ]l 8 )

Branches | Materials | Elements | Connections | Discs

Springs
All Elements | Branch 1 Elements | Branch 2 Elements

. Uz - Uze .
Material se . Stiffress . . . [hynamic
Number Gieometry Taper Length ©OD1 D1 ODZ D2 Stgfigfnss Diameter Stiffness Damping  Inertia n[-E; Magrifier Name
= 1 1 O 10| 75(|236| 7 O O 0.0 |MOTOR NDE
Ep 2/ O | wo| so By o O O
2 3 1 O 00| 90(236| 90 O O
=N 4 1 200| 90(236| 110|236 [ |
= Options o Sl
Description | Matural Frequencies / Mode Shapes | Steady State Response | Time Transient Response | Output Options

Contral parameters

Contral / Constant Speed / Startup options

Material Fatigue / Life Data | Gear Backlash

Constant speed / startup and shutdown options

Time step size for integration (sec) 1.000000e-04 'S PE':I'fl:II'I'I'I Tlme-Tl_ansient Response at ficed speed
" using the following features:
MNumber of simulation time steps: 120000
el | Applied Torque Tables | [ S
- | Steady State Hamonic Torques | Time Transient Torques
Predefined Bdemal Torgues | Speed-Dependent Torques | User-Specified Bxtemal Torques | Synchronous Motor Torgues | Hlectrical Torques
Branch Station Start Time CSVY File Status  Browse Edit Mame
3 1 1 & 1MUY Wy TData_01 csv Found Torque data from C5V file.
< >
Ol Cancel Help :
4 Fe
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.

2 TORSION {CAUsersyPublici Documents\ARMDEO\TORSIONNTGS-500Station ol S0 - System]

By 5 TORSION (€/\Users\Public)Documents|ARM D50 TORSION\Sarmpies\SYNC-MOT.TO! US) - [System] | (5 e
O New (FOpen b Save & Cut @ Copy i Paste [ System Model | Insert Value: J New
Broncnes | Matenais | Elamant | Comnecioss | Discs | Spungs Branches
= oty Spesd Sranc ams A Enast
498 | 1200 0 R
E
« E
ce &
neta® ! de :
s\O (-N\O X
10 o e =
o Cancs » Checkf 2 3 = o Cancal op | Chack for Syssar .

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
2= TORSION (CA\Users\Public\Documents\ARMDBO\TARSION\Samples\SYNC-MOT.TOI US) = B

File  Edit Options  Applied Torgues Run  View Tools ndow Project Help

(1 New [ Open |d Save | # Cut [ Copy [ Paste &R System Model Convert Units || Insert Value: |S(0San i Eehk]

= _ = e
Tabs Branches | Materials | Elements | Connections | Discs | Springs /Stlffness Element
Al Elemerts | Branch 1 Elements | Branch 2 Eements Dlam eter / Properties
] U ] U )
L mﬁ:bn;l_ Getl:;try Taper Length OD1 ID1 QD2 D2 Stg‘fizjenss [S)}g'n::tser Stiffness Damping  Inertia r\[;zE r\[‘:;gam:; Name
= 1 1 O 10| 75(236| 75236 ] O 0.0 | MOTOR NDE
E|» 2| 1 O 40| so BB =023 O O
£2 3 1 ] 00| 90|23 30|23 [ O
Tool =N 4 1 00| so0lz23| 1o|236| O
S .— R 5| 2 O 150 140| 00| 140 00| [J O 0.0 | MOTOR CORE
trip 6| 2 O 200 | 140 00| 140 O O 0.0 | MOTOR CORE
7| 2 O 150 140| 00| 140 00| [J O 0.0 | MOTOR CORE
8 1 20| 1of oo| a0 00| O [l
B- 3 1 O 00| 90| oo| s0| 00| O O
L = 10 1 O 40| 80| 00| 8 O O
11 1 O 00| 80| 00| 20 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
o Ok Cancel Help Check for System Emors B
Inner Diameter of left-hand side inch \ Data
e validation
= Moverow Up +] Change material - Color rows
o
% [ Moverow Down 4@ Undock = GetSummary
8 +2  Split Element Mark/unmark  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.

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

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

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 Steady State Hamonic Torgues | Time Transient Torques
A Eisments] Branch 1 Elements | Branch 2 Elesmonts Predefined External Torques | Sps ps Torques | U Torques Motor Torques | Electrical Torques
tateria Use Use tirea Use ) omic = seanct statior Poles Joints L0l Torqua . -
Taper _ength 001 D1 OD2 102 tiffnes " itiffnes: lamping nertia Dyn 1l Sunvi & Synchranous Mator Torque Curve 1 o | &3
lumbe izametr iamate Ingrifie
Dism Mag v 1| 1 8 4 10 1450000
E L BN = 110 75| 238] 75 238 o0[ oo a| oo oo N wopeed %M9 %O
E 2|1 v 140| 80238 80236 0 0 o/ oo 0 ongeR, ofue
H 3| v 100 80| 238 80| 23 1 0o 150.0 740
N 41 7 | ¥ 200 80 238 110 238 | 2 200 1420 70
“ 5| 2 v 150 140 00| 140 o T 2| oo oo 3 so0 [IEET] 770
a4 6| 2 v 200 140 00| 14¢ 0.0 0 0 D 0o N 4 60.0 131.0 80.0
7| 2 7 150 140| 00| 140 00| 0o a| oo oo N 5 700 1260 850
- 8|1 V| 4| | 200 1o oo 90| 00 0.0 0.0 0| oo 0.0 - T HES
= 9| 1 3 100| 90| 00| 90| oc
- P B oK Cancel Help
Ok
= Ok Cancsl Help Chackiol i | w Percent of Average Toraue dimensioniess i
Element Material Number Synchronous Motor Toraue Maanitude in-lot
& Options o @ [ £ |52 System Model
Desciption | Matural Frequencies Mode Shapes | Steady State Response  Time Transient Response | Guipul Options i
Control { Constant Speed | Starlup opbions | Matenal Fatigue | Life Data | Gear Backlash
Control parameters Constant speed / startup and shutdown options
Thne step sizs for integration (sec) 1.000000e-04 Perform Time-Transient Respanse at foed speed

using the following festures.

Number of simulation time steps: 120000 Shaft Stiffness -
Simulation end time (sec) 1000 lenaThee Ln- |8
Time interval for generating restart dsta (sec) 10 Uniform Display Scale
Restart control index (0 for start @ 1-0 secs) 0 Display Station Number

Textigraphics output control parameters - ] Dispiay Filed Symbols

T 7] Display Scaled Discs

Display Branch
Al

1. SYNCH. MOTOR

Ok Cancel Help . .
= L 2y 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 Qu ick Chart. & Synchronous Motor Torque .. | = || @ |[ 53 | Graph: Quick Chart =N EoR (5

This feature rapidly e P % Torque vs % Speed
displays an X-Y graph of * 5P Torque  Torque
entered tabular data for ; 120}
visual verification of 2
correctness. ARMD 4 10y
Graph software is still : .
available for complete - f
graphic analysis 8 90l
capabilities. ] 12

80 +

OK Cancel Help
l J ] | l 5 o 100
Percent of Oscillating Torque 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.

o System E’E
| Branches I Materials | Elements |Cor1nedior15 I Discs ISpringsl CHffnacc
Al Bemertts |Branch 1 Bements ||Branch 2 Bements || Diameter
i Use . A
Branch Material Use . Stiffness . ) .
Number Number Geametry Taper Length QD1 ID1 OD2 IDZ Stg;renss Diameter Stiffness Damping  Inertia
- 1 1 1 ] 110 75(236| 75| 236| [] 00 00 00 0.0
x 2 1 1 O 140| 380|236 80|23 | Do Do 00 0.0
.- 3 1 1 O 00| 90| 236| 90|23 [ 0.0 0.0 0.0 0.0
?E 4 1 1 200| 900|236 1M0| 23| 00 00 00 0.0
5 1 2 | 150| 140| 00 140| 00| [ 0.0 0.0 0.0 0.0
[ 1 2 Il 200| 140| 00| 140| 00| 00 00 00 0.0
;’f”cl 7 1 1 2 O | 50| 40| 0o 40| 00| O 00 00| oo| oo
o[ "W | oo ool oo| g
9 1
10 1
1 1 Length = 54.0 inch
Shaft Weight = 567.4572 1bf
12 ! 3 D Shaft Inertia (WR®) = 10222_04 1bf-in#®
13 1 1 ] Stiffness = 1.194514e+08 in-1bf/radian
1 1 F
= 14 D Total Inertia (WR®) = 1022Z2.04 lbf-in® (Shaft + Disc)
15 | 2 1 [
3ranch 18 2 1 ]
#2 19 17 2 3 O O 20| 32| 00| 32| 00| [ 0.0 | 5.500000c+06 0.0 0.0
12 2 1 I 60| 40| 00| 40| 00| O 00 00 00 00
19 2 1 O 07| 45| 00| 45| 00| [T 0.0 0.0 0.0 0.0 v
< >
Ok Cancel Hel /' Check for System B[ =
o] [em] [ ] yeens |
|Elemer1t Branch Number |

» 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 @  EditTorque Curve = O EN -
User-Defined [ Steady State Hammonic Torques | Time Transient Torques | R Units
Torques. User | Predefined Eemal Torques | Speed-Dependert Torques | User-Spectied Extemal Toraues | 5y ®us O sl
has complete Branch Station  Start Time CSV File
freedom to yoo 1 5 oos [ — Torqe "
specify, including . . 00005 53364 34643
predefined 2 0.001 1125967494
external torques, [ o | [ Carcsl| 3 0.0015| 7469425532
speed dependent 4 0.002| -166022.0528

User Specified Torque File Name

torques, user- » 5 0.0025 i
specified external 6 0003 3781692525 v

torques, harmonic torques, synchronous motor torques,

and electrical torques. User defined external torques can | Save ||Saveds || Cancel || 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™ V6.2 — 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.
= System | =
_ Material Material
Branches | Materals | Elements | Connections | Disce | Springs ,/'Temperature Library
Young's Use Operating Damping Vgﬁtes
Modulus Shear Modulus Density OEul_emtlng Temperature Factar Yame .
emp .
Library
oo 1.150000e+07 028y [ 00| 2500000e-04 | STEEL
2 3.000000e+07 | 1.150000=+07 | 1.000000=-04 O 0.0| 250000004 |Steel Mo mass
3 3.000000e+07 | 1.150000e<07 | 1.000000e-0 O 0.0 0.0025 | Steel Mo mass
& Ok Cancel Help Check for System Emors o)
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 Cann. Ee N
o Branch Station Branch Station ¥pe Number 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
Lo Options El@
> SE' eCtab I e OU t p Ut U n Its . Description | Natural Frequencies / Mode Shapes | Steady State Responss | Time Transient Response | Output Options
Selectable Frequency Units
between C P M OI’ HZ, |n Natural Frequencies and Mode Shape Options
. , Prefered Units Selections
accordance with the user’s ]
. (®) Cycles/Minute B
preference, or the industry - e 5| mode shepes
standard format can be set simply e o s e e
. . . elow 0.0  cycles/min
by checking a box in the options
fo rm. Damping Options
Ignore all damping {j e. undamped analysis.)
Ok Cancel Help
] [\
Natural Frequencies / Mede 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.

s TORSION (C:\Users\Public\Documents\ARMD60\Project\ TORSION-60-ProjectFolder\SYNC-MOT-Expanded.TOI US) =

System  Options  Applied Torques  Run

View Tools Window Project Help

1 MNew Cut Copy B -
153 Open.. T Open ROTLAT or TORSION input file
b save Gy ARMDBE0 » TORSION
= SaveAs.
4+  Convert Units Organize = Mew folder
+ -
Favorites - Mame
Recent Files 3 o B
& et B Desktop Samples
4 Downloads Templates
il Recent places 1 SYNC-MOT.TOI
== Import Shaft(s) from Tarsion
(@) Import Single Shaft | | () Import Complete System |
Single Shaft Import Options
(® Add shaft as new branch e
(") Mppend shaft to existing branch
Select branch # to import W

ra

= IEN

4= - L1}

ROTLAT or TORSION input files v

Open Cancel

TORSION-&0-ProjectFolder

2.8 SAMPLE PROBLEM NUMEER 3.

shaft Inertia
(WR?) = 5867.938
1bf-in?

shaft stiffness =
5.4531982+88 in-
1bf/radian

hd 3. SYNCH. MOTOR

[ Uniform Display Scale
Display Station Number
Display Filed 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

System Model

C:\Users\Public\Documents\ARMDE0\ProjectiTORSION-60-ProjectFolden\SYNC-MOT-Expanded. TOI

on2: TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC.
9.81I02: TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM.

=

Imported
Branch not
connected yet.

5 [

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

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

7

i System ][+ (S
Branches | Materials | Elements | Connections | Discs | Springs
Total Elements Speed Branch Mame
= 1 14| 1800.0 | SYNCH. MOTOR E | Mowve Branch Up (Ctrl Up) |
= 2 11| 10800.0 | COMPRESSOR 257G = | Move Branch Up (Ctrl Up) |
» 3
o m | Reverse Elements |:

e Pl et §
Reverse Elements

: o
1 Ok Cancel Help A

Branch Tetal 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.

e System = )E
Branches | Materials | Elements | Connections | Discs | Springs
Flex:
From From To To T Material S Dampi Conn. Sgled N
- Branch  Station Branch  Station ype Number ness amping Ref. Outorut ame
Branch P
1 1 15 2 1 |Rigid | v 0 0.0 0.0 1| O
roo2 2 1 1 |Rigd |v 1 0.0 0.0 1] O
£ >
=
~ = Ok Cancel Help Check for System Emors N
Connection To Branch

Flipped &
Connected

3. 5YNCH. MOTOR
Uniform Display Scale
Display Station Mumber
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

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA ® Tel:610-415-0412 ® www.rbts.com ® Fax:610-415-0413 Page 9 of 19




ARMD™ V6.2 — 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.

.

<] 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 QD2 ID2 Stgfig;ss Diameter Stiffness Damping  Inertia h[:g; Magrifier Name
LA 1 O [ 1ol 7s[238] 75[23] [ 0.0 0o ool ool [] 0.0 |MOTOR NDE
2 ! e Branch 3 Elements, close to re-attach to the Shaft System Form IEIIEI
-— -
3 1
. - Use . Use ) ~
Material Use . Stiffness . . . Dynamic
?E 4 1 Number Geometry Taper Length ©OD1 ID1 OD2 ID2 Stgfig?nss Diameter Stiffness Damping  Inertia h[:g; Magrifier
5 1 3
s [ 1 ED BN O | 230 160] oo 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| 00| 7. ] ] 0.0 | LS COUPLIN
3 7 N 4 1 ] 00| 80| 00| &0 ] ] 0.0 |MOTOR DE
10 1 N 5 1 ] 140| 80| 00| &0 ] O
1 1 6 1 ] W00 90| 00| 30| 00| [ O
12 1 7 1 200 90| 00| No| 00| O ] 0
-—
1 1 - 8 2 ] 15.0| 140| 00| 14.0 ] ] 0.0 | MOTOR COI
= 5 2 ] 200| 140 00| 140 ] ] 0.0 | MOTOR COI
g 10 2 ] 150 140| 00| 140| 00| [ ] 0.0 | MOTOR COI
1 1 200 N0| 236 90|23 [ O
= 12 1 O 00| 90|23 90|23 [ O
Element Branch Mumber = 11 1 [ [l 14n! anl 2wl anl 23| ] [ 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 multishaft 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.

i) 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 Page 10 of 19




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.

L Systemn Model E@
D1 o C:\Users\Public\Documents\ARMDB0\TORSION\Samples\SYNC-MOT TOI
0.0 SAMPLE PROBLEM NUMBER 3
oD2: TWO BRANCH SYSTEM; MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. 0 TO 12 SEC.
9.8ID2: TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM
.
f
Uniform Display Scale ’ 3
e g g~

7| Display Filled Symbals
| Display Scaled Discs

Display Branch
All

Connection View:
Stub

Mode Shape:

#1. 1495E+3 cpm

7 Scale Mode By Branch
Animate Mode Shape

{ J || - 10
1. SYNCH. MOTOR
(] 7 1 13
JR—— |

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 shatft.
Stub Shaft View to represent large, multi-shaft models in a simplified fashion.
Auto Aspect Ratio presentation.
?_S_ystem Model EI@
ID01: »+  C\Users\Public\Documents\ARMDBOTTORSIONISYNC-MOT.TOI
SAMPLE PROBLEM NUMBER 3.

| Uriform 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: 14
0 0
S e ————— | | | e e e L
1 -
< 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.
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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|

SpeCIerd Spe.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 5400 RPM
station angular . =

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

) Maxdmum speed 13200 RPM
displacement,
; Speed increment 10 RPM
velocity and - v
H 4 L F
acceleration, etc.
T Applied Torque Tables EI@
Steady State Hamonic Torques |Tin'|e Transient Tongues | Hamonic Torgue Import Files
Edit  Import File 03t e o |
Branch Station Hamonics P Table No. Phase Name L0350l
Table H
dow Help
5 1 D[ Manual | | Manual 0.0 | 1st Order Excitation @ Station 5
L TRV LR XatR . :
» z.lm-l[ oo e - T ——— =
ive 600-1200 rpm. =
3 | Manuzt [ I Manz |~ 0.0 | 3rd Order Excitation & Station 5 th Flywhesl — lfnnn KU Motor ~
o . itation At Conpressor Stub Shaft
4| o0 Steady State Torque Effort 2 E\@ 0.0 | 4th Order Excitation @ Station 5
5 0.0 | 5th Order Excitation @ Station & TERATORY TORQUES <<<
Hamanic Sine Cosine ooy
Crder Component Component Fo-#3 - E102
Hel
» 1 2756520 0.0 P u-lbf) Stress = 183.44 psi
E E n—1hf) Stress = -172 90 p=i
— n—-1bf}
Harmonid n—lbf} Hax. occurs @ 643.0 rpm
| ok | [cCancel | | Hel |
Output Element # 2 Hame = 4HOS Throw #4- Drive End - E104 m
. . B Haximum Torgue = 22008.19 (in-1bf) Stress = 364 .45 psi b
Harmonic Order dimensionless Mininum Tordue - 20721 .10 (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  _
[P}
C:\Users\Public\Documents\ARMDG0\TOR SION\torhrm_03.teg L
. 2 x
Torque as a function of speed
—&— 4HOS Throws #2-#3 - EI02
3600 —E— 4HOS Throw #4- Drive End - EI04 1 S (eaclBl )
3400 —— Flexible Disc Coupling - EI05
3.200 —— Motor Drive End - EF06
—&— Motor Shaft @ Brg - EF#08
3.000 Motor Core - EF#14
2.800 Ci\Users!PubliciDocuments\ARMDG0ITORSIONtorhrm_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)
Z2.000 0800 —E— 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
31600 =
£ 1400 20600
o 4
>12009 0500
1000 0400
0.800 F x
0600 0.300
0.400 0.200
0200 ) A e B " A g 0.100
550 500 650 700 750 800 850 900 950 1,000 1.050 1.101 0000 ™ e —
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 .
O Interferences | Eé' gﬁh%fd";r
4.5000 i —+— Mode 1, Cpm= 30421 0.0100
______________________________________ @O mmmmm e mm = —+— Mode 2, Com= 36997.3 0.1225
4.0000 i =&~ Mode 3, Cpm= 41575.3 0.1380
________________________________ A o e e e VSD Excitation #01
S 3.5000 ! = &= VSD Excitation #02
i i -
§3 0000 :Speed /’,
% 13578 rpm
4] 1
S 2.5000 L
oy e
= o A
gQ.UUUU "u*‘ "f E
= ‘\ f’ 1
2 1.5000 T - i
e S ,# 1
1
s - 1
1.0000 | LN - !
. - 1
1
0.5000 + T~ o 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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om @ Fax:610-415-0413

Page 13 of 19




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

V] Graph: Defaut

; S~
0 Applied Torque Tables E@ C:\UsersiP: TORSION\ ,_FalseC_short_sample.trg
Steady State Harmonic Torques | Time Transient Torques
N —— Elecirical Torque Mo, 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 coupling
» 1 1 1 | False coupling short (gen) 6000.0 50.0 10 g 4000 short circuit
Iphase short (gen) i
Linetodine short (gen £3000
Start |r:;'m ;;dgﬁ” "m‘o{m) == Electrical Torque Coefficients = B ;
Iphase short (moter) gz 000
agnf;ei?:ﬁm;g motar) Equation: Type 3. Generator, False coupling short circuit " 1000
Magritude { from ) 6000.0 Frequency (£ ): 50.0
Equation 0000
1.000 1.200 1.400
T, (£) = tpomld + Be?t + (Csin(27ft) Time (5)
+ D cos(2mft) - e®)]
Graph: Default = =5
C:\Users\Public\Documents\ARMD60\ TORSION\ TorrspGtype3_FalseC_short_sample.trg
Coefficients
A 00233 —— Eim #002-6m #01]
B 5083 2006 System Response
b -17.033] Inverse Seconds
7 C 5,045/ 1
D 2118,
= s d 18792 Inverse Seconds
Electical Tarque Type, range is 1-7
Cancel Help
[F

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

+en | Motor Startup Speed

speed (pm)

s
Time {5}

MOTCOR START-UP TORQUE

gl

Tarque: fin-lhf) (E+

Motor Startup Average Torque

4 [
Time {s)

o Graph: EI@
C:UsersiPubliciDy ARMDENTOR SIONI & lesiEYNC-MOT.trg
DRIVE TRAIN START-UP RESPONSE LOW SPEED SHAFT TORQUE
—— S (om) — Em=n

| Low Speed Shaft Torque

HIGH SPEED SHAFT TORQUE

&
Time ()

High Speed Shaft Torque

by (E+4)

— Elm #]16
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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 Manual View
1% ARMD Shaft Vie r
Simulation File View Project Hel
:|ouput Set: TORNAT Mode Shapes - | Output Set Property: # Mode 1. 15E+3 cpm - ¥ | Shape Amplitude 1000 Normalize By Branch | Cursor Control Selector {3~
Results o
[ = Branch 1 Element9 -
»- Branch 1 Element 10 SAMPLE PROBLEM NUMBER 3.
= Branch 1 Element 11 TWO BRANCH SYSTEM: MOTOR-GEAR-COMPRESSOR DRIVE TRAIN. O TO 12 SEC,
(2= Branch 1 Element 12 TORSIONAL RESPONSE TO SYNCHRONOUS MOTOR START-UP OF DRIVE SYSTEM.
|| = Branch1Element13
~| oD% 75
1 D10 A
~| oD2 75
1 D20
| Len: 21
= Branch 1 Element 14
(- Branch2
= Branch 2 Element 1
()= Branch 2 Element2 =
Branch 2 Element3 T
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 Flamant 11
_Viewpomt
Rotation about:
. Zoom X L d 7
Zooming &
—
Rotations [ = R R e
Standard | & B & &
Views *>t=/ (=]
Visibility: Show
Visibility | @ @oss
Mode Lines Center Lines.
Controls Discs [7] Bearings Model & Results
Sl View Window
Animation [ 5 Solid model and display
o—
>u > M S background colors are
ncene | | 000 | [ 20 user configurable.
A
| Relative Amplitude, scaled by Shané Fnulitude INo proiect open |!J
Automatic®Scaling
The Shaft Viewer can be run [err— orron mm

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.

-
View Fle Vew P Hep
oes

E InputFile

BE Maodel

Graphics Qutput  » |
[ TedtOutput ol
" Check for Errors
Quick Chart

Cooy

Relative Amplaide, scabed by Shage Amplitude

Mo project open
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Page 15 of 19




The default opening view is isometric

122 ARMD Shaft Viewer (CAU

[EET)

(ISO). Viewpoint is modified using the

File View Project Help
Ouput Set: TORNAT Mode Shapes

+ | Output Set Property: + "] Normalize By Branch = _

buttons for zooming and rotation on the
left side of the display. By pressing the
+ and — buttons, the display can be
zoomed or rotated about any of the

| i = Branch 3 Element 1
& = Branch 3 Element 2
1 ™ Branch 3 Element 3
[ = Branch 3 Element4 g
7 = Branch 3 Element5
= Branch 3 Element6
5w Branch 3 Element 7 (4
- w» Branch 3 Element8
& m Branch 3 Element3
£ Branch 3 Element 10

BN Four Branch System
Overhung Compiressor Wheels.
Torslonal Simulation

three axes. The arrow buttons in the NRE :
mlddle of the_ Viewpoint group move the = e
display left, right, up, and down. =E=E==
Continuous motion can be achieved by | = = = [«
holding any of the arrow buttons down. | = = =i
The display can be reset at any time to gfu:u_ s,
one of 4 standard viewpoints, the o ) e

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

D .

changing its orientation.

Relative Amplitude, scaled by Shape Amplitude

I

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.

22 ARMD Shatt Viewer (CAUsers\
file View Project Help
Ouput Set: TORNAT Mode Shapes.

Four Branch System
Overhung Compiressor Wheeis:
Torsional Simutation

w0 |
- 2

File View Project Help
Ouput Set: TORNAT Mode Shapes

& ® Branch2 7
= Branch3 =

13 Element
- = Branch 3 Bement 10
Tl o013

I bvo

V] solid
[V] Mode Lines 7] Canter Lines.
V] Dises.
[V] Connections

] Bearings

[No oroject open

lagmmwnwe. scaled by Shaoe Amolitude

——

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.

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.

I [#-=» Branch 3 Element9
3Element 10

Shaft element
information can be
found in the shaft
element display when
an element is selected,

=X Eranch

[- = Branch 3 Element 11
[+-=» Branch 3 Element 12

(2 AR Snat viewer Ao
File View Project Help
Ouput Set: TORNAT Mode Shapes
{{ # Branch2

~ | Output Set Propenty. &

Four Branch System
Overhung Compiressor Wheets.
Torsional Simulation

e
=

| Relative Amolitude. scaled by Shape Amolitude
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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 = @utput Set Property: < [HEEEE
then presented to the user for display in the Output Set Mode 1: 209E+3 com

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

. . Mode 3: 3.08E+4
Once an output set and property has been selected (i.e. mode shape 1) it Mﬁdi 4 3,14;4 Eﬁm

‘ ‘ Ouput Set: TORNAT Mode Shapes <

2.66E+4 cpm

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 Viewer (C3 |_model_Reversed.107) L (50 0 2 ARMO Shatt Viewer (CA SVARMO 3%12TWL-torsional_model_Reversed.tol) Lég

File View Project Help | File View Project Help

Ouput Set: TORNAT Mode Shapes - Output Set Property: + <] = | shape Ampiitude 1000

Normalize By Branch || Ouput Set: TORNAT Mode Shapes ~ Output Set Property: # Mode 2 266E+4cpm - + | Shape Amplitude 1000 Normalize By Branch |

& = Branch 3Ekemants
Four Branch System i Branch 3Elemert
Overhung Complressor Wheels. % = Branch 3 Ekoment 7
Torsional Simulation i = Branch 3 Bomerts
4w Branch 3 Element 9

5w Branch 3 Elamert 12
= Branch 3 Elemont 13 o |
[ra— U
Rotation about
x ¥ z
) [ &

o e = &=

o) [=d (o [=d

Zoom
(st

[so] [yz.] x| [xe]
Visilty: Show
Mesh Sold L
¥ Mode Lines. V! Canter Linas =
¥ Discs 9| Borngs
¥ Connectons

Animation

B e

Image Scale

BRI i

Enclose

o] (2] [0

Relative Amolitude by Amplitude No proiect open Relative Amolitude. scaled by Shape Amolitude No project oen

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.

3-Dimensional Presentations
Torsional Twist Mode

we
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™ . .
ARM D Version 6.2 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.

il ‘Workspace Configuration: Chart(1) EI@
The Workspace = Graphs Set Lines | Details | Line Defauits | Annctations | Line Markers
. . = Graph - Defautt
configuration ) Chars Fil Corterts e —
. “ Chart -1 Units  Freguency (Cycles/Min)
form consists ) Output Fles 5 SYNCMOTine US o X ps
(1) SYNC-MOT tnc US z — ) )
Of tWO panels. o 1:3‘3“ peed ) Unit  Rotational Speed (RPM) -
The lef | [on Or;;r e Speed (RPM) (&)
e left pane - 3rd Order
i 4th Order = ¥ Lines
contains a tree 3
. f h " ‘;: gser Units Frequency (Cycles/Min)
=
view of the . th Order Line Flle
g raphs charts -~ &th Order Tet Order (1) SYNCMOT tnc -
' ! -~ 3th Onder — | 2nd Order (1) SYNC-MOT tnc -
and g raphlc - 1?: 83” = | | Mode 1,Com= 14952 D.0... (1) SYNC-MOTinc
outout files 3 12:h Ordar Mode 2, Com=_ 42095 D2 (1) SYNC-MOTtnc —
. " =F - ~ g F
p . oo B Y532 OTFE Mode 3. Com= 152378 0... {1)SYNC-MOTinc
The r|ght pane| - Mode 2. Cpm= 42035 02570
) ¥ lode 3, Com= 15237.9 0.2044 -
contains all - Mode 4, Cpm= 138383 D 9628
Mode 5, Com= 30673.3 0.4519 il
Chart and graph | Modeo & P |qu= nEas0 |
. < Add File % Delete File
settlngs |l 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:

e Log, semi-log or linear axis scaling. e Automatic or manual axis scaling.

VV VYV V VY VVYVYVYVYYVYVY

e Grid lines (ON or OFF). e | egend 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.

2- Files with templates.
- i i Select a Graph Template 1
File | Eccentricity Ratio vs Bearing Load
Power Loss vs Bearing Load
L= OpenFile » |5 Graphics Output File  Ctrl+O
M P Be: Load
] New Workspace Ctrl+N l;y Warkspace Ctrl+Shift+ O Si:’:T:;nkagrE:ffl:i;ﬁow irslngear;g Load Double Cllck
|l SaveWorkspace  Ctrl+S ggyy?s %.Zaal'lllr;gg LL:E;% an entry.
|l Save Workspace As... Min.Film,ECC.Angle, Side leakage Inlet flow & Powerdoss vs. LOAD
I Min.Film,ECC.Angle. Side leakage. Inlet flow & Power loss vs. ECC
4F  Append Workspace > ]
Close Workspace |
Recent Workspaces [ oK J [ Congel
Recent Output Files »
—
B et
— 2- Files with no templates. —>
3- Configure Workspace.
{§ Workspace Configuration: Chart(1) |F=15 Ecl == |
4— P ress = Graphs Set Lines | Detais | Line Defauts | Annotations | Line Markers
£} Graph - Defaut
(=) Charts le Contents art Ty -
“S h OW/U pd ate Chart -1 Zlmt[; mF;:quenc*j (Cycles/Min) e =
& O“‘("G"gﬁc MOTine US £ SYNC-MOTtne US a X s
29 a ne Rotational Speed (RPM) E Unit  Rotational Speed (RPM)
G raphs button :doo“:; Rotational Speed (RPM)
to display the o
St Order

Units Frequency (Cycles/Min)

chart/graph e

EEEE L8 1st Order (1) SYNC-MOT tnc
- % Order
2nd Order (1) SYINCMOTino
wWin d OW. (s Mode 1, Cpm= 14352 00... (1) SYNC-MOTtnc
Tith Order
12th Order

Mode 1, Com= 14952 00878 Mode 3, Cpm= 152379 0. (1) SYNC-MOTinc

Mode 2, Com=_4209.5 0.2570
Mode 4, Cpm= 198383 09628
Mode 5, Cpm= 30679.3 0.4519

4 Add File X Delets File
il Seve Vorkspace | [ Use Current Files
. Replace File

[5 Open Workspace “zj Showilpdate Graphs I

(]
Mode 2,Com= 42095 0.2... (1) SYNC-MOTine
=]

i Graph: Default =N =R
C:\Users\Public\Documents\ARMDGMTORSION\Samples\SYNC-MOT.tnc
1.600 < [ st Order
= ---f=3-- 2nd Order
/"' =i [lode 1, Cpm= 14852 0.0878
1.400 1 e —— Mode 2, Com= 42035 0.2570
//' === Mode 3, Cpm= 15237.9 0.2044
o Branch #01 Speed
1.200 - // ==77== Branch #02 Speed
W ogo 1800 RPM e
= - e
= - s
% s
S 0.800 - e
& - T
S 0.600 e 10800 RPM |
o /-’ . e
2 p -
s = -
L -
0.400 H}_’H -
e g ~ -
0.200 Y 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. For further information, please contact us.
It can be tailored to suit your needs and budget. You e A

may purchase any combination of programs/modules EgCE. R BTS | nc

or all if you wish. Licensing is available as a single s\ ! .

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
ARMD has been utilized include rotating machinery such as a
miniature air turbine for a dental drill, a large turbine generator set for

X RBTS, Inc.
© ARMD Resellers

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 . L . .
petrochemical processing plant, synchronous motor driven drive- ¢ Technical Capabilities ¢+ User Friendliness
trains, and a gear box for an Uranium enrichment plant. + Completeness ¢+ Support & Service

“CORBTS, inc

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

Please contact Dr. Andreas Laschet as RBTS’ consultant and representation
for the regions Europe, Middle East, Africa with the following communication details:

Dr.-Ing. Andreas Laschet - Apolloniaweg 6 - 51515 Kuerten - GERMANY
Phone: +49 2268 901650 - E-mail: info@laschet.com - Web: www.laschet.com




YOUR PARTNER
for Europe & Middle East & Africa

Support for other countries on request.

e Customer Engineering Support
(Rotor Dynamics & Torsional Vibrations)

e ARMD Software Support

e Training Courses & Seminars

Dr.-Ing. Andreas Laschet

Engineering Service & Technical Consulting

Apolloniaweg 6 - 51515 Kuerten - GERMANY
Ph: +49 2268 901650 - E-mail: info@laschet.com - www.laschet.com
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ARMD™= Advanced Rotating Machinery Dynamics — Software

BEARINGS Package

The ARMD software package is capable of facilitating comprehensive evaluations of fluid-film bearings. Practically any
bearing or bearing system available in the industry can be analyzed with one of the bearing solution modules. The
FLUID-FILM bearing modules (JURNBR, HYBCBR, THRSBR and TILTBR) solve the lubrication problem in two dimensions
eliminating any approximation typically associated with one dimensional analysis or with look-up table methods.

e
l@@i} Journal

> Conical

: ¢ Thrust

5 Titting Pad

3lu

ATapered
|\ Land Thrust \
- Bearing

5Pad Bearing
bricantfeed nozzles per pad

Complete performance predictions of hydrodynamic, hydrostatic, and hybrid lubricated journal, conical and thrust bearings
operating in the laminar and/or turbulent regime can be generated. Simulation capabilities include effects such as cavitation,
misalignment, pressurized boundaries, pressurized grooved feeding system, pressurized nozzle feeding system,
surface/structural deviation, and lubricant feed circuitry (JURNBR, HYBCBR) with specified pressures or restrictors (capillary,
orifice, or flow control valve), groove geometry and chamfers.

Results generated
with the fluid-film
bearing modules
include:

e Load capacity /
journal or runner
position

e Attitude angle

e Viscous power loss

e Righting moments

e Flow requirements

e Stability (bearing
whirl)

e Spring and damping
coefficients

e Clearance and
pressure distribution

e Recess pressures
and flows

e Heat balance and
temperature rises
for bearing system
and individual pads
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ARMD Software — BEARINGS Package

Journal & Thrust
Bearings The release of RBTS’ ARMD Version 6 fluid-film bearing modules is a major milestone in the product’s

Fixed/Tilting Pad = development history, rolling out a completely new and improved graphical user interface for the
Geometries . package with enhanced numerical capabilities and new technical features. The software’s front end was
of redesigned with our customers’ and industry’s input to incorporate the most logical, efficient, and
productive techniques to model and analyze common as well as complex configuration, fluid-film

4, Bearing lubricated journal and thrust bearings, of all sizes with ease.
Solver
ARMD users will immediately see the improvements as bearing design data are presented in a flatter,
Post-Processor more accessible format, with key fields and analysis options readily visible from the main data entry
*~—> Eees screens. Fluid-film bearing design and performance evaluation productivity is vastly improved as a wide

selection of templates accompanied by a “wizard” style sequence of dialogs allows the user to setup and
evaluate most of the commonly used bearings in industry with few key strokes. Tab selected grids and

Post-Processor input forms allow the user to see all of the data on screen at the same time. Furthermore, the ability to
e  Multiple simultaneously run multiple instances of the program permits rapid side-by-side comparison of results.
Case

Bearing configurations and special features that can be evaluated with the various solution modules include but not limited to:

Fixed Geometry Cylindrical Tilting-Pad Journal Bearings Fixed and Tilting-Pad
and Conical Journal Bearings (TILTBR) Geometry Thrust Bearings
(JURNR & HYBCBR) (THRSBR)
o Central pivot
o Plain surface o Offset pivot o Plain surface
o Multi-groove o Evenly spaced pads o  Multi-groove
o Pressure dam o Grouped pads o Stepland
o Elliptical or lemon o Load between pads o Step pocket
o Rayleigh step or pocket o Loadon pad o Tapered land
o Tapered land o Any load direction o Taper pocket
o Lobe or canted lobe o Any preload o Tilting pad
o Any configurable pad o Leading/trailing edges taper o Compound taper
surfaces o Fluid-inertia force effects o Any configurable pad
o Multi-recess o Support pivot stiffness surfaces

Sample Gearbox Thrust Bearing 5
14 pad shrouded tapered land ey
configuration operating at 15KRPM //

s T

Clearance

Sample Hydrostatic/Hybrid Bearing for Mining Application
B.8012E+02
6.3154E+02
&5.82968E+02
5. 3438E+02
4 8580E+02
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2 9148E+02
2 4290E+02
1.8432E+02
1.4574E+02

9.7160E+01

4 BSB0E+01

Pressure

Contours Pressure [ps]  Deformation Pressure [psi]

Output et Eccentricity Ratio 1 0.4300 0.0000E+00

Pressure _




ARMD Software — BEARINGS Package

lllustrated below, complete bearing performance results are generated when the Run button is pressed. The solution is
performed for user specified operating conditions taking into consideration the pressurized feeding system. Heat balance is
performed for the overall bearing system as well as individual pads in the bearing.

(]
W

Post-Processor

Description

Sample Problem & - 5 Pad Titting Pad Joumal Bearing.
High Speed Test Rig Support Bearings.

Pad Pivat Stiffness NOT Included.

3D View Button

E=RECR =5
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cases. Cperating Conditions
Clearance 0.004| Load 50000 Load Angle 270.0| Ort. Angle 500
Preload 04| Speed 200000 Grv. Angle 0.0/ Mo.of Pads 50
—Hin_F:i_lm Thick.-» 5_8316E-04 (Inch)| ECC = 0.6344 @ Angle = 270.00 (Deqg) L.
Power-Loss ———F Z2.5591E4+01 (HE) | Side-Leakage QF -> 1_7102E4+00 (Gpm)
Load Capacity --»  4.35955E+03 (Ibf) | Inlet—-Flow I -» -1.5405E+01(Cpm)
Complete | | mm oo !
Bearin Supply-0il Temp.> 119.997 (Deg.F) |¥»»» STIFFNESS (Lbf/Inch)
9 Supply Flow Rate> 6.1604 {Gpm) | B3 ; EXY --» 3_.BB3E+0e 1.223%E+00
Performance Film-Temp {avg.)> 17&.05& {Deg.F) | EYX ; E¥YY --> 1_890E+00 &.829E+06
Results Viscosity ————-- > 1.017E-0& (Rens) |--— |
including Heat Content ———> 3.622 (BIU/G/F)|>>>  DAMPING (Lbf-Sec/Inch)
bearing Groove Temp. ——--* 1&85.7&5 {Deg.F) | DX ; DEY --> 1_.6837E+03 3_463E-04
Systemand Max. 'I'E:I?lpjliavg_ll} 18a.3247 {Deg.F) | DY¥ ; D¥Y --» 1_.4Z0E-04 Z_551E+03 Generated
. L. | ———-Individual Pad Results Below—-———- |-———-—-—— |
individual pad Surface Velocity= 1.833E+04 (Ft/min)| Projected Pressure= 5.703E402 (BSI) text output
heatbalance. after Run
I Individual Pad Heat Balance Results Estimate For NON-Flooded Environment button is
Supply Flow Rate Lo Bearing — &.le04E+00 (gpm) @ I3 = 1.Z2000E+02 (deg.rB)
Resulting in a Computed Mixed-04il Exit Temperature -> 1_T70&84E+0Z (deg.F) preSSEd
Sump/CGroove Awg-Film Max-Film Min-Film Power Side
Pad Temperature Temperature Temperzture Thickness Loss Lezkzge
No. {(degree F.) (degree F.) (degree F_) {inch}) {hp) {gpm)
1 1.7247E+02 1.7550E+02 1.7853E+02Z2 2.8l07E-03 Z_.415%1E+00 1.1370E-01
2z 1_&820E+02 1_.71B0E+02 1_7740E+0Z 2_58ZBE-03 3_313ZE+00 3_3453E-01
3 1.6167E+02 1.9445E+02 2_2723E+02 9S_831gE-04 B_2725E+00 4.036c8E-01
4 1_7454E+02 Z.0731E+02 2.4 5 _8: 8.272
5 1_8108E+02 1_.B6eBE+02 1_.5228E+0Z 2_58ZBE-03 3_313ZE+00 3_3453E-01 ™
= Ok Cancel Help F e
Jy—— :f;’r;,,;wz;;':g:“----"m-m jr— I P— I

1 oo
ok = G0 0003 G ks - DO B0

830E02 6IE0

STIED

20516002
3143402
212200002

End View 1m0
s Pressune [pai]_Detormaicn Prasaues [ps) Pressure Distribution  comei

3D View 1osue

137003 E
12737603 |
116768003 1 18758403
10614E00 1 08148003
955286002 s
seEn Banciz
74236002 ]
Cors

e fosi] Pressure Distribution ;e

‘ ' SI07IEND E
J— .
— P
- ’ / —_—
e Cl

3D View =
learance Distribution ssies




Purchasing Options

ARMD is constructed from various solution modules for rotating
machinery/systems:

e Rotor Dynamics e Fluid-Film Bearings

e Torsional Vibration e Rolling-Element Bearings

e Lubricant Analysis
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 software (CD or download),
quick start manual, electronic user’'s manual, technology transfer
and training session (optional), updates, maintenance, and support.

System Requirements
Computer with Microsoft Windows 8, 10, 11 or higher (32 or 64 bit).

Remember, 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.

For further information, please contact us.

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 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 gear boxes for a
uranium enrichment plant and ship propulsion drives to name a few.

7 \ 9

% RBTS, Inc.
ARMD Resellers

RBTS' software has gained international
reputation for its:

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

ErRBTS.

Rotor Bearing Technology & Software, Inc.
1041 W. Bridge Street, Phoenixville, PA 19460, USA

Please contact Dr. Andreas Laschet as RBTS' consultant and representation
for the regions Europe, Middle East, Africa with the following communication details:

Dr.-Ing. Andreas Laschet - Apolloniaweg 6 - 51515 Kuerten - GERMANY
Phone: +49 2268 901650 - E-mail: info@laschet.com - Web: www.laschet.com




YOUR PARTNER
for Europe & Middle East & Africa

Support for other countries on request.

e Customer Engineering Support
(Rotor Dynamics & Torsional Vibrations)

e ARMD Software Support

e Training Courses & Seminars

>~
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Please contact:
Dr. Andreas Laschet

Dr.-Ing. Andreas Laschet

Engineering Service & Technical Consulting

Apolloniaweg 6 - 51515 Kuerten - GERMANY
Ph: +49 2268 901650 - E-mail: info@laschet.com - www.laschet.com
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