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Advanced Rotating Machinery Dynamics

ARMD is the most complete software package available to help you evaluate any bearing, rotor/bearing
system, or mechanical drive train. Using leading edge technology and a host of valuable capabilities,

ARMD has been proven effective and accurate
in the design, analysis and trouble shooting of
rotating machinery by machinery manufacturers,
equipment packagers and end users around the
world.

ARMD consists of five main modules:

Rotor Dynamics
Torsional Vibration
Fluid-Film Bearings
Rolling-Element Bearings
Lubricant Performance
Utilities & Support Tools
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With a variety of features, including:

» A user-friendly interface

» Advanced project and file management system
» Graphics/text capabilities

» Inter-module communication and data exchange

All of which operate seamlessly in an integrated
environment.

Right-click for help. Grayed-out buttons are not installed.

w0 ARMD for Windows 6.1 —
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Rotor Dynamics (ROTLAT™)

The rotor dynamics lateral vibration analysis package
ROTLAT is a finite element based software for
performing damped and undamped natural-

frequencies / critical-speeds, mode shapes, stability, Stiffness
q P . . P y & Diameter (B [EoH
unbalance response, and time-transient response. Tabs — | " |
. Materialz ements | Disce | Bearngs | Bearng Loads | Speeds | Static Pedestals amic Pedestals | Springs: Seals & More ||Element Stiffness| Station Moment Release
ROTLAT consists of four sub-modules: ROSTAB, { .
. ser
ROTORMAP, ROSYNC, and RORESP integrated by MElS Tper Lengh OD1 DT ODZ D2 Sifness e Spooted Name  [€—$ Element
ROTLAT's user interface. The user interface controls = 1wl o1 | O] 1275 4s00] 00 0| 00| O 0.0 [None |v Properties
the sub-modules to provide a complete rotor/bearing E 2| 1 | O 0| 4s0]00 oloo| O 00 [None v
system dynamic analysis environment integrating the o { 2 | OO | mso 73105 007105 00 [ 0.0 [Nore |~
. L . +2 - 0n
rotating assembly with its support bearings, wear- Tool W] 2 | LI | 150|105 00| 73105 00) L] | 00]None |v]
) . . +N 15 3 O 75.0 | 877591 | 0.0 0.0 2 Shaft Element Selection Summary for Rows 13- 14 - &
rings, seals, aerodynamic effects, support structural  Strip ol - —
) ey 16 3 1 140.0 | 877.591 | 0.0 0.0 2200 = . ~
flexibilities, etc. ¥ 7| 3 | O 1400 | 877591 | 0.0 00
B 77. 1 0.0
. . - i : D 1400 | 877591 | 00 Total weight = 2639.753 kg (Shaft + Disc) v
ROTLAT incorporates advanced modeling features 8 2= 19 3 | O | 1400872591 00 00
and capabilities including the following:
= Ol Cancel Help
= Rotor of \(arious configurations: T s
. Solld,_Hollow, Tapered & Stepped. — A —
= Shaft material damping. e
= Gyroscopic effects (discs with angular degrees of freedom). ®| Solver Options B . =
. . . pplied Loa
* Element geometry, stiffness diameter, or element stiffness || bespien === 0o [l freauences /Hose shapes | Unbonce / Seosy Ste Fespome | =3 p s
(|e flexible connections or p|ates)_ Features / Output Cortrol Station Type Direction Load Freauency  Hamonic  Phase Ange 4
= B . f all - cviindrical. Conical. Tilti Pad & @]EEE R o o8 REZEV I 5 44 | Time Transient = ||Foreeinx - 20256.0 26400 00 31147
earings of all types: Cylindrical, Conical, Tilting Pac e e Pedestal/bovsing oo 6 [ [ima tama Tt ms T
Rolling Element with/without moment stiffness or tilting-pad © bemngs and suingsconfcrts E— 7 | 44 [Time Tensen lfeenx_[=] =m0 16500 0w |
. Gravitationil body farce factars Sy s I Tre Tensen ~|[ForceinX = s6330|  es00| 00|  -i2am|
pitch degrees of freedom. b
. . . . T Dynamic frequency-def ) .:Il'ﬂme Transient v |[Force in x - 11325111] m,u mm
= Bearing models linked to rotating assembly at any station. Lo - masnecs e sen |, i - ‘ I
= Bearings vertical elevation for accurate bearings load et el e atency I ooelShapeslelStabiity [E= B =
Computation of mu|ti_bearing systems_ Solver Options P ot Description  Salvers Options | Natural Frequencies / Mode Shapes | Unbalance / Steady State Response  Time Transient Simulation
= Springs: wear-rings, seals, aero-dynamic effects, squeeze- e w o g o i S e
film dampers, etc. i SEEmaT Outpud Optons
» Springs models linked to rotating assembly at any station. e g?iesm«im gf:mm Fatis Gorputs s uenses and mose s whr
1 . H H etz g Decrement the critical damping ratio is below 0.9|
= Bearings support systems; casing and foundations. GitcalSpeed Map 3] B
= Static foundation/pedestal flexibility (mass, stiffness and s e o Sunkty lop Condensed O e
damplng) 9500 HP Motor Driving Reciprocating Compressor Inttial Bearing Stiffness
= Dynamic (frequency dependent) foundation flexibility. oko: Driese Raciprocating Compmatos D T T SomplCaseMolorCompressor (0Loac Saseling. ol cong . FinalSearng Sfness
= Discs: couplings, impellers, sleeves, etc. Motor Supporied b 1 Jourmal Brg @NDE - Support Swechre nchuded. - 00
= Moment release (pin-joint) at shaft stations. ° 0000000 ° ®
= Multiple unbalance forces at any location and phase
orientation along the shaft.
Ok Cancel Help

= External excitations and body forces: sinusoidal, step, ramp
and pulse type functions.

(221

Rotor Dynamics (C\Users\Public\Documents\ARMD&0\ROTLAT|

File EditOptiUns Applied Loads  Run  View Toels  Window \[/Project  Help

) New 5 Open | Save | % Cut [ Copy (% Paste | [ System Model ||:| Convert Units "lnSErT Value:

Mathematical
expressionsevaluator
otorCompressor100Load-BaselLine.roi SI) = =

Auto
Conyert
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Awal lenath
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NATURAL FREQUENCY, MODE
SHAPE & STABILITY

Natural frequencies & mode shapes
Damped and undamped simulation

Stability parameters (damping ratio, logarithmic

decrement)

Rotor orbit direction (forward/reverse precession)
Critical speed map

Stability map / Campbell diagrams

Bearing reaction forces

Shaft weight, deflection, centerline slope

Shaft moment, shear, & fiber stress diagrams

AMOTOR. oy

| Critical Speed Map FEDLEMA:Y VS, BEARING STIFFNESS

i ode # 1
i Mode 72
Mode 4 | = e 22
w——ode # 4
=@ 5 00000E+02 RPM Line
Mode 3 —-—.__-—-'-’--‘—-_-_—u— 3.60000E+03 RPM Line
/—Bwlvliaximum Speed

£

Frequency (CPM) [E+04)

Minimum Speed

Synchronous UNBALANCE &
STEADY-STATE RESPONSE

Multiple unbalance planes/forces

Various types of external excitations &
body forces including sinusoidal/harmonic

Magnitude and phase (Bode plot)
Dynamic forces and moments
Vibratory amplitudes and orbits

Forces and moments transmitted to
bearing and foundation

Foundation vibratory amplitudes
Rotor shape plots (amplitude & phase)
AP| Amplification factors

m Brg-Orbit-
m— Brg-Orbit-
m Brg-Orbit-
m Brg-Orbit-
e Brg-Orbit-

Brg-Orbit-

MN#002@ 500.0 RPM
N#013@ 500.0 RPM
MN#002 @ 1808.5 RPM
M#013 @ 1808.5 RPM
MN#002 @ 3600.0 RPM
N#013 @ 3600.0 RPM

, Shaft Orbits at
Bearing Locations

TIME-TRANSIENT RESPONSE
(Non-synchronous response)

= Gravitational and external forces: Multiple
sinusoidal, step, ramp, pulse and
unbalance

Vibratory amplitudes time history

Rotor orbits

Dynamic forces and moments

Dynamic stresses

Transmitted forces and moments

Pedestal vibratory amplitudes

Shaft Vibratory Displacements at MAX Load MAX Speed

¥-Orbit (mils)

MEASUREKENT FREQUENCY AMPLIFICATION  AMPLITUDE
TYPE (CPY) FACTOR (mils Pk—Pk)

0.040

~Mode 1

Amplification
Factors

0000 0.001

0100

0010
Big:Stiffness (Iblin) [E+03)

Mode Shape Immm
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3-Dimesional Presentations of Lateral Rotor Dynamic Simulation Results for Enhanced Visualization & Diagnhostics
Various Options of Model & Mode Shape Presentation Animated Unbalance Response

High Speed Expander Sample Rotor/Bearing Simulation. TSTEIE | Gouiing soeed mave 6000 2000 7o

. ?:nuuuu Tiiting Pad Bearings at stations 5 and 10.
2-stage High Speed Pinien Supported on two 5-Pad Tilting Pad Bearings.
Operating Speed = 25000 RPM.

12 ARMD Shaft Viewer

File View Project Help

Centrifugel Compressor Rotor System Model.
Operating Speed Range 6000 1o 12000 Rpm.
Two fukd fim THting Pad Bearings 4t stations 5 and 10

Bearing

Disk \ ,

I Mesh
7] Eipses
7] Disce.
9] Cornactions

Deflected Solid Shaft Model

High Speed Expander Sample Retor/Bearing Simulation.
2-stage High Speed Pinien Supported on two 5-Pad Tilting Pad Bearings.
Operating Speed = 25000 RPM.

Speed Range 6000 1o 12000 Rpm Range $000 o 12000 Rpm Opevating Speed Range 6000 1o 12000 Rpm.
Tilting Pad Bearings at stations 5 and 10, Two fluld fim Tilting Pad Bearings at stations 5 and 10.

Operi
Two fiuld fiim Tilting Pad Bearings at stations 5 and 10,

Speed Range $000 1o 12000 ating Speed Range 000 1o 12000 Rpm. Operating Speed Aange 6000 10 12000 Rpm Operating Speed Aange 000 1o 12000 Rpm
Two Titing Pad Beurings at stations 5 and 10 Two Mg fim Titing Pad Bearings at stations 5 and 0.

Operi Rpm Oper
Two fiuid fim Tilting Pad Bearings at stations 5 and 10 Two fuld fim Titing Pad Bearings at stations 5 and 10

High Speed Expander Sample Retor/Bearing Simulation.
2-stage High Speed Pinien Supported on two 5-Pad Tilting Pad Bearings.
Operating Speed = 25000 RPM.

Operating Speed Range §000 1o 12000 Rpm. Operating Speed Range 6000 1o 12000 Rpm
Two fiuld film Titing Pad Bearings at stations 5 and 10 Two fiuld film Titing Pad Bearings at stations 5 and 10.

High Speed Expander Sample Retor/Bearing Simulation.
2-stage High Speed Pinien Supported on two 5-Pad Tilting Pad Bearings.
Operating Speed = 25000 RPM. ¥

. 3 .
Operating Speed Range 6000 1o 12000 Rpm. Operating Speed Range 6000 to 12000 Rpm.
Two filg fim Titing Pad Bearings at stations 5 and 10 Two fiuid fim Titing Pag Bearings at stations 5 and 1.




o] \Usels\Puhllc\Dmcumems\ARMDs1\ROTLAT\Samples\SSResponseSampleO1 -JeffcottRotor.roi

STEADY STATE SIMULATION EXAMPLE - Single Disc Rotor System Model 1"} Graph: Default =N R =
Operating Speed Range 1000 to 10,000 Rpm -Tat Critical Around 6250 RPM C:\Users|PubliciDocuments\ARMDE1\ROTLAT) SResp p ssg L
Two Bearings Supportat Stafions 3 and 15. Steady state Response— Amplitude Vs. Time @ 6030 rpm Steady State Response
1.0000
Jeffcott Rotor Model @ i 3 2 ] 2 ® s ; 2 ; . . % —E— Sta- N 00T-AmPIX
—H— Sta.- N # 001-Ampl.-Y
¥ | |—¢— Sta.- N# 003-Ampl.-X
—+— Sta.- N # 003-Ampl.-Y
0.5000 —&— Sta- N # 003-Ampl.-X
— Sta.- N # 009-Ampl.-Y
=1 ;
I
2 4 6 8 10 12 14 16 =
5
1 3 5 7 9 11 13 15 17 nE) 0.0000
2
z
=
£
<<
| -0.5000
o aza}

Axial lenath = 32.0 inch

{4 Graph: Default

C:\Users\Public\Documents\ARMDG1\ProjectiROTLATG1-
SamplesFolder\SteadyStateResponse SampleCases\SSResponse Sample01-JeffcottRotor.sxg
Rotor Shape Plot At Select Speed — Displacements. -
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C:\Users\Public\Documents\ARMDG1\ProjectiROTLATG1-
SamplesFolder\SteadyStateResponse SampleCases\SSResponse Sample01-JeffcottRotor.sxg

Rotor Shape Plot At Select Speed — Phase Angle.
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Torsional Vibration (TORSION™)

The torsional vibration package uses a finite- o System ===
element based formulation for performing T | Berets [Coreoes T oo T T
. nches enals i ons SCS nngs .
damped and undamped torsional natural o Stiffness
. | All Elements |B|anch 1 Elements |B|anch2EIements | Diameter
frequencies, mode shapes, steady-state and —
time-transient response of mechanical drive Nt Nt Goomogy Taper Length OD1 D1 OWfneSS  Stfiness  Damping Inerta
trains. TORSION consists of three sub-modules: M T T T 0| 75| 2% BB T TINSTIET:
TORNAT, TORHRM and TORRSP integrated by ¥ 2 [ p O | 1e0l sol 23 20 i il oa
TORSION's user interface. The user interface - NIENE O | 1of sofz23] s0 00 00| 00| oo
controls the sub-modules to provide a complete = 4| 1 1 200| 30|23 110 0.0 00| 00| 0o
torsional vibration analysis environment. 5[ 1 z L | 150140 LT (! Upj  woj
5 1 2 O 200 | 140 14.0 0.0 0.0 00| 00
Branch
. 7.1 1 2 D 15.0 | 140 14.0 0.0 0.0 00| 00
TORSION accepts/imports models generated i g
with the rotor dynamics package “ROTLAT” and o I
has the same advanced modeling features and 0|
capabilities including the following: 1| K Gy T
aft Weight
. . . 12 L 3 D Shaft Inertia (WR®) 10222.04 lbf-in®
= Modeling of multi-shaft/multi-branch systems 13 1 1 O Stiffness = 1.194514e+08 in-1bf/radian
* Coupling torsional stiffness and damping — ] 1] D) ||zotal Tnereia (R*) = 10222.04 1bf-in® (Shafc + Dise)
= Gear tooth flexibility B2 O
= Element stiffness/mass/inertia diameter Branct] | 16 2 | 1 0 == — —
« Torsional sprinas to around #2 1 17| 2 3 O 0 [ 200] 32 32| oo O 00| 5500000406 00| 00
_ pringstog o = ptions = 0] 00| 01 | oo oo 00| oo
- Varlous types Of eXternal eXCIta‘tlonS Description I Natural Frequencies / Mode Shapesl Steady State Response ‘Tlme Transient Response |0u|put Optiunsl 45 45 0.0 D 0.0 0.0 0.0 0.0\
= Synchronous motor start-up torque Brenchi1 Spced Range Ogtiens G 2
= Load torques from such equipment as L [fprese
Compressors, pumps’ fans’ ml”S, etC. (©) Computte steady state respanse at branch #1 speed (885.0 RPM} +/ Check for System B ﬂ
= Electrical faults for motor and generator © Compue steady sateresponse 550 RoM ¢ @ 0 Q0 09
= User specified time varying torques :
@ Compute steady state response over a range of speeds as specffied here:
= Many more...
Minimum speed 5400  RPM 2 10 41
1 Applied Torque Tables Manimum speed 13200  RFM 1 1 19
Steady State Harmonic Torques |T\me Transient Torques | Harmonic Torque Impart Fi\esl Speed increment 10 RPM -
Branch Station Harmonics ngilte |mp(;|;t e Table No Phase ‘ = | | : |
1 1 5 1] Marual | | Manual [+ 0.0] 15t Order Exciation @ Station 5 Il o) @ o)
P2 TR PLETERR 2 Steady State Torque Effort 2 = EoR <"
1 1 5 1 Manual |« | Manual [+
4 1 5 1 Manual | | Manual |+ Harmanic Cosine
Order Componert Component ‘W__[///
5 1 5 1 Manual |+ | Manual [+ y 756520 0 4 5 6 . 8 9 10 " 14
ok | [ cancel | [Cox | [ Heip_|
|Harmochorque Branch Location |Harmonic Order |dimensionless
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Fundamental
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6.000
! [ [metiode 1. Com= 20888 0.0000
5 . Mode 8 /| Mode 2, Cpm= 266435 0.0000
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4-800 g ; s Mode 7, Cpm= 534552 0.0000
! Mode 6 P i Mode 8, Com= 560481 0.0000
4.400 1 S = k= Branch #01 Speed
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NATURAL FREQUENCIES & MODE

STEADY STATE RESPONSE

SHAPES
Damped and undamped simulation

Natural frequencies
Growth factors and damping ratios
Vibration mode shapes

Critical speed map / Campbell diagrams

N 2 High Speed
I‘ Pinion-Compressor

Rotational Speed (RPM) (E+04)

= Vibratory amplitudes (displacement,
velocity and acceleration)

= Dynamic torques

= Dynamic stresses

= Dynamic heat dissipation

20

MOTOR & COMPRESSOR
TORQUES VS. SPEED
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—E— Compressor Aux Drive End - St#1 Hn= 1.00 (d)
0.800 —s¢— Compressor Aux Drive End - St#1 Hn= 2.00 (d)
—+— Compressor Aux Drive End - St#1 Hn= 3.00 (d)
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TIME-TRANSIENT RESPONSE

= Dynamic shaft-torque time-history

= Dynamic stresses

= Fatigue life

Sample of synchronous motor-gearbox-compressor time-
transient startup and calculated system response torques.

Motor Startup Speed

1Louy

1,700
1,600
1,500
1,400
1,300
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—=1,100

51,000

5 900

800
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Time (s)

Motor Startup Average Torque
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5 200 |

1750 |
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1.250 |
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Time (s)

High Speed Shaft Torque
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= 0500
0.000
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T|me Vary|ng eXCItatlonS |nclude_ Torsional Vibration Analysis - Natural Frequency. Mode Shapes & Response

Three Branch System. 1 to & Speed Increaser For Centrifugal Compressor.

» Electrically induced exciting torques, associated with generator and
induction motor operation, can be considered in the time-transient

response simulation module. @ ===
Generator e

3-phase short

n | . Circuit excitation
i

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

YAV V.

Torque (in-Ib) (x 10°4)
Boh o8 e ow o m

10 11 12 13
T {5

Induction Motor E== EoR =

Type 4 Start from StandStI” C:\Users\Public\Documents\ARMD\TOR SION\TorrspV57_Gtype1_3phase_short_sample.TRG 2
(across the line start) 18 ; Bl

Type 5: 3-phase short circuit at terminals 10 £ &

Type 6: 2-phase short circuit at terminals el SR

Type 7: High-speed automatic reclosing < “H ‘ HH MH‘MH“]“

l Hli
» User torque table (.csv h HH H ”“H ‘ H HWH ”U”H
file format) representing Y 10
time-varying exciting Time (5)
torgue at any location
(e.g. simulation of clutch
engagement).

Torque (in-Ib) (x 10"4)

>~ Fundamental
Torsional Twist Mode

20 30

'1‘1 W;'V (H

] I

T TT] ul,lu'l 'n"'l'.'{’
(i i

Al
f
.’r

3-Dimensional Presentations
Torsional Twist Mode
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Bearl n S Fluid-Film Lubricated Journal & Thrust Bearings with Fixed or Tilting-Pad Configurations
g Practically any Bearing or Bearing System Available in the Industry can be Analyzed

Journal Bearing — Unloaded Half

\ Showing
L One Pad

Shrouded 3 Tapered-

Lan wQaring

! Tilting-Pad
ThIUSt Bearmg

@ 1) Journal
@ Conical

3'3 Thrust | i

N
LY Tilting Pad 3lubricantfeed njzi?fsii?;gg
The ARMD software package has the capabilities of evaluating (6] Post-Processor BN [EEREX5
both fluid-film and rolling-element bearings. Practically any T=mrim Pressure/
. . . . . Sample Problem 6 - 5 Pad Tilting Pad Joumal Bearing. Clearance
bearing or bearing system available in the industry can be High Speed Test Rig Support Bearings. Distributions
. . . Pad Pivot Stiffness NOT Included. 3D View Button
modeled and evaluated with one of the bearing solution modulesmodeled =D View Bultbp
SZ?;: |nsg Diameter 35 Pad Angle 60.0 H of Pivot Clearances 50
. Auial Length 25 Orientation Angl 0.0 Viscosity 1.000000e-06
The FLUID-FILM bearing modules (JURNBR, HYBCBR, TILTBR, e T Rotdtiond Speed 200000 Full Mt
and THRSBR) solve the lubrication problem in two dimensions = ATEES A\
eliminating any approximation typically associated with one Scroll —
. . . . through = |14 | 4 1 of 20 bl b | | Lube/Chamfer || | # Run I D
dimensional analysis or with look-up table methods. cases. Somatine Coni
perating Conditions
o i . Clearance 0.004| Load 5000.0| Load Angle 270.0| Ort. Angle 90.0
Complete performance predictions of hydrodynamic, hydrostatic, S 04| Speed 200000] Grv. Angle 00| No.of Pads 50
and hybrid lubricated journal, conical and thrust bearings
. . . . Min_Film Thick.-» 9.8316E-04 (Inch)| ECC = 0.6344 @ Zngle = 270.00 (Deg) ~
operating in the laminar and/or turbulent regime can be generated. Power-loss > 2.5591Z+0L (HP) | Side-Leakage QF -5 1.7L025400 (Gpm)
Load Capacity --» 4 _9955E+03 (Lbf) | Inlet-Flow QI -> -1.5403%E+01 (Gpm)
Complete I - ! I
Simulation capabilities include such effects as Bearing | | | SYESWESYTE TSN CTTMNTE oo ; x> 3.seamsce 1.2295400
misalignment, pressurized boundaries or grooves, Results Tiemomre T et (manny | |limf EEE T eROEMR R
cavitation, surface deviations (structural deformation), 'b“;;{,”ig'gg e e T Lense ome hxx s oxy a1 saseres s ssaz-0a
lubricant feed circuitry with specified pressures or systemand | | | Mex: Temp (ave)y 156947 (besm) | v pwx > 1od20mes zossimves | Generated
1 i - individual pad ur a:elv: ‘;:i i “ia3se0e (2t min rojecte ressure= 2 teXtOUtDUt
restr'ctors ¢ Single Case Lube Details O X heatbalanc_e.< Surf Vel ty= 1.833E404 (Ft/ il Projected E 5.703E+02 (BSI) after Run
(Caplllary, s [ Tndividusl Pad Heat Balance Results Estimate For NON-Flooded Envizonment) button is
ra Solve For __FlImTem ~ [] User Specified Visc: Supply Flow Bate to Bearing = €.1604E+00 (gpm) @ Ts = 1.2000E+40Z2 (deg.F)
Orlflce, or e £ — . j . Gmo?Ed ¥ Re:ﬁliing in atCn:puted Miﬁed—oil Exit Ten:}-:rature -> 1.7084E+02 cde:_n pressed
ﬂOW ContrOI | Supply Temperature 120.0 | :‘iangu'ar e Sump/Groove Avg-Film Max-Film Min-Film Fower Side
Valve), Flow Type Famd = . _'7_7 NDH‘GI’OD\J’Ed T|_||E|r iad 'th'emperat:r? 'th'emperat:r? 'th'emperat:r? T}:::Lck:?ss ]E.}clss Lezkage
at C o. {(degr - degr . degr - ing 1=} {gpm)
Supply Flow Rate 30 Circular .
groove 1 1.7Z47E+02 1.7550E+0Z 1.7853E+0Z 3.8107E-03 Z_.4131E+00 1.1370E-01
geometry Groove Feeding System 2 1.6820E+02 1.7180E+0Z 1.7740E+0Z Z_58Z8E-03 3.313ZE+00 3.9453%E-01
Chamfer Type Tranqular | E— 3 1.8187E+0Z 1.9445E+02Z 2 _2723E+02 5.8316E-04 8.Z725E+00 4.03&6E-01
and Non - Grooued 4 1.7454E+02 2. Z_4009E+02 9. a.: 4._0:
St 2 0125 5 1.8108E+02 1.8668E+02 1.9228E+02 2.5828E-03 3.3132E+00 3.9453E-01 >
C h am fe rs. S Nen - Grooved Feeding System -
#of Orfices per Fad Z‘;:D"';”E““ 150“'1}33 £ Ok Cancel Help B
Ok Ca Orfice Discharge Coeff. 00/ ice Diameter
|
| Orifice Diameter




Results include:

» Load capacity / journal
position

> Attitude angle

» Viscous power loss

» Righting moments

» Flow requirements

» Stability (bearing whirl)

» Spring and damping
coefficients

» Clearance and
pressure distribution

» Recess pressures and
flows

» Heat balance and
temperature rises

TaperedLand3Pads.PSO | - X
o |
Caze Supply Side Total Fower Critical Maximum 2
Ho. Flow-Rate Lealages Inlet-Flow Lo== Ha== Fressure
(Liter~M) (Liter-M) (Liter~H) (Matt) (KEqa [(Pa=cal)
0 s
120 R 60 i.800E-02 2. 884E+00 4 536E+09 1. 753E+06
135 07501 15 L.796E-01 9. 471E+00 3. 083E+03 1. 647E+06
: * 715E-01 1.978E+01 1.594E+03 1.749E+06
150 0.500 4 0 1. 634E-01 3. 368E+01 9. 86eE+02 1.906E+06
1 G52E-01 5. .073E+01 6. 946E+02 2. 075E+0n6
165 0250 4 15 3. 469E-01 7. 074E+01 5. Z286E+02 2. 245E+06
4 9 4 2

195 345 3/‘
210 30 nt
225 15 Locus {
240 & 300
25557785 Journal o
Equilibrium = Mode
Neareas

Graph: Default
C:\Users\Public\Documents\ARMDG0\ProjectiJURNBR-Project01\TaperedLand3Pads.psg
LUBRICANT TEMPERATURES AS A FUNCTION OF SPEED

Lu%ﬂcantTen1perannes As A Function of Speed

e Supply Temperature
i Film Temperature
mmmmm Groove Temperature
mmjm [lax. Temperature

59
58
57
56
35

© 53
)
& 51
50
49
48
a7
ﬁf Supply Temp.
4 2,000 4,000 6.000 8.000 10,000
Speed (RPM)
Cases ECC Load-Angle ECC-Angle
Ho. Fatio (Degres) (Degres)
—Input—o" ——————
1 n.757 2. 700E+02 3.03eE+02
2 0.657 2. 700E+02 3.101E+02
£ n can 2 OUYNNFE+N02 G 1AEHN0

FREFE-N1

[E=S Eom =<y

A39F4N1

AT

. A11F4NFR

= Pressure I

===

Graph: Default
‘\Users\Public\Documents\ARMD60\ProjectiJURNBR-Project01\TaperedLand3Pads.psg
_UID-FILM CROSS-COUPLED STIFFNESS AS A FUNCTION OF SPEED

7.000

i K0 Stiffness

6000 - DIAGONAL & CROSS- e Kxy Stiffness
5.000 e Kyx Stiffness|

COUPLED STIFFNESS e Kyy Stiffness
4000 |
= 3.000 KXX h

2 2000 KXY
é 1.0004
E 0.000p;
= -1.000
-2.000 |
-3.000 ]
-4.000
5000 2,000 4,000 6,000 8,000 10,000
Speed (RPM)
Clearance Minimum—C ECC
(inch) (inch) (inch)
—Input——o0
2.500E-03 6.075E-04 1.393E-03
2.500E-03 3.563E-04 1.643E-03
2 CNNF-n+ 1 N2LF-NH 1 A7EF-NH




The FLUID-FILM bearing modules incorporate
numerous templates for common bearings used in
industry. In addition, bearing configurations that can be
evaluated with the various solution modules include but
not limited to:

Fixed Geometry Cylindrical and Conical Journal Bearings
(JURNR & HYBCBR)

Plain surface
Multi-groove

Pressure dam

Elliptical or lemon
Rayleigh step or pocket

Tapered land

Lobe or canted lobe

Any configurable pad surfaces
Multi-recess

OO0OO0OO0O0

Fixed and Tilting-Pad Geometry Thrust Bearings (THRSBR)

Plain surface O Tapered pocket

Multi-groove O Tilting pad

Step land O Compound taper
o}

Step pocket
Tapered land

Any configurable pad surface

O0OO0OO0OO0O0

Tilting-Pad Journal Bearings (TILTBR)

Central pivot Load on pad
Offset pivot Any load direction
Evenly spaced pads Any preload

Grouped pads
Load between pads

Leading/trailing edges taper
Fluid-inertia force effects

O0OO0OO0OO0O0
OO0OO0OO0OO0

)

Mew File

Select units of measure

(®) US customary / English
() Sl / Metric

[] Set As Defautt

Select Bearing Type

User Defined | -

Plain o

2 Pad
3 Pad

Pressure Dam
Elliptica

> (Cffast Halves

- Fixed Geometry Configurations | &

>4 Pad

Single Pad Plain Sleeve
Single Pad-TopFeedHole

> Shrouded Pocket
Unshrouded

> 2 Pad
4 Pad
5 Pad

User Defined @ Rayleigh Step e
Tapered Land e——— 3 Lobes
lobe e P aliis
= Carted Lobe &——— 15 Lobes
@ y
£ User Defined e
o | OK Cancel Help 4 Carted Lobes
- 5 Carted Lobes
o New File - =
04 Pad Shrouded
04 Pad Unshrouded
? Select units of measure: % E:g El';;o#rgﬁged
)
g (®) US customary / English ed
g () S/ Metric 10 Pad Shrouded
hie 2 10 Pad Unshrouded
c o 12 Pad Shrouded
ik 12 Pad Unshroudsd
F = N 14 Pad Shrouded
& > User Defined | - 14 Pad Unshrouded
- = Select Bearing Type: tepped Pad 16 Pad Shrouded
25 > g Tapered Land 16 Pad Unshrouded
il l[User D=fir=d__|Rd Titing Pad
' User Defined 04 Pad
& 06 Pad
i 08 Pad
(£ >{10 Pad
oK Cancel Help Jered |
o] New File - B 9] New File - B
%)
g Select units of measure: Select units of measure:
'CE (®) US customary / English (®) US customary / English
> O 51/ Metric O 51/ Metic
=
8 [] Set As Default [] Set As Defautt
3
e
g| ®) Bild from Template | @ Buid from Template
5 — 3 Pad Load Between Pads ‘ A _
E () User Defined {blank file) 3 Pad Load Between Pads () User Defined (blank file)
| 3 Pad Load On Pad
= Template Style: 4 Pad Load Between Pads Template Style:
£ Pad Load Between Pads [-] 2fedloocn Pt 5 Pad Load Between Pad -
i [ nmy g 5 Pad Load Between Pads > ElaE e otE
o 5 Pad Load On Pad
L] & Pad Load Between Pads
& Pad Load On Pad
0K Cancel Help oK Cancel Help




Sample Presentations — 3D Fluid-Film Bearing Pressure & Clearance Distributions.
Sample - Three (3) pad, fixed G E’E’fﬁ? Sample — Pressure-Dam Journal Bearing for High Speed Turbine Sample Hyd“’s‘a“c’Hyb”d Bearing for Mining Application
geometry cylindrical journal bearing,  ; 5 Application Operating at 9300 rpm g
with tapered pocket configuration for -
high speed multi-stage centrifugal
compressor operating at 8500 rpm.

1T

TP S . S —— '-4&:Iearancé::: o vt Pressure Z;:::
Journal Bearing — Unloaded Half i Model = I

% | ; Clearance m Pressure ,,::

Sam pI- Gearbox Thrust Bearing 14 pad 5 f‘ 3 T o

shrouded tape.red land configuration /// %/ % - I

operating at 15KRPM //// ///// l/% /////// 2 ‘ -

e = i

. V// A‘_‘-. entlompgle. . ﬂ:f
//// T .

™ m ' .......

//%%//,/ 13 - ’ ““““

10 1{ 12 Model SRR Clearance... S Pressure...




Rolling-Element Bearings

The ROLLING-ELEMENT bearing module

[COBRA] predicts the performance of up to six \
bearings of different types mounted on a shaft

and experiencing radial, thrust and moment
loading. Bearing types include:

» Conrad (radial) ball
» Angular contact ball
» Cylindrical roller

> Tapered roller

» Spherical roller

The program allows the evaluation of
misalignment, offsets, preload, clearance,
or end-play on bearing performance.
Bearing preload from spacer grinding or
shimming, as well as preload springs is
included. Individual bearings can be made
to "float". Results include:

Ball load distribution

Stress distribution

Bearing reaction loads & displacements
System reaction loads & displacements
Hertz contact stress

B10 life

Contact angles

Spring/stiffness rate

VVVVVVYY

B2 )

Z o | -

OUTER RACE
¥
CAGE
D)
LAND RIDING
" SURFACE
|
Po  [=——THRUST
PITCH X
DIAMETER / (
PILOT OR | N\—INnER
LAND RACE
CLEARANCE L

COBRA == &
File Edit RUM Page Window Help
5 - Ch\Users\Public\Documents\ARMD58\COBRA\Samplel . dat [ @ =] *

System l Ecaringsl Lubrication l Initial Conditions & Materialsl Results l

Descriptive Title

------- |Sample 1 EHL Releaze 1.2 Mineral Oil

| [72 characters max.)

Shaft Speed

Shaft Rotation

|Shaft rotates with respect to Load

=

Froblem Tupe

--------- | Loads are specified

| pick from list)

Loading Direction(s] . . . -|ladial [X). axial [Z). moment [about Y]

Loadz [applied to the Shaft at spstem ongin]:

| pick from list)

m

Radial Load alang # . . |-2000

= [ (][] |

COBRA

|Thrust Load along 2 . . 11000

Maoment Laad about v

500

Initial Dizplacement Guesses [usu

along radial #-a%is . . .. |-0.003
along axial Z-ariz .. ... 0.002
0.001

tilt abiout *r-axis

4

Thrust Load along Z-axis [Ibs.

File Edit RUMN Page Window Help
§ystem| Bearings | Lubrication | Initial Conditions & Materials Results ]
C:AU sershPublichDocuments W ARMDSSNCOBRANS ample] LPT 4/23/2012 6:03:20 Status: CURBRENT

Results:Sample 1 EHL Relezse 1.2 Mineral 0il

Unadjusted System Bl0 Life (hrs) = 1.Z41E-03 & Iteraticons
Adjusted System B10 Life (hrs) = 4_500E-03
Shaft Speed (rpm) = 1_.500E+03
——FORCES—- | —-DISPLACEMENTS——
Radi=zl Thrust Moment | Radial Exial Angular
(Along X) (Aleong Z) {About ¥) | (Along X) (Along Z) (Rbout ¥

Eppld -Z.000E+03 1.000E+03 5.000E+0Z2|Guess -3.000E-03 2Z.000E-03 1.000E-0
Reactn 2.010E+03 -1.007E+03 -4_452E+02|Secln -1.375E-02 1.858E-0Z 1.931E-0

Life Adjustment Factors:

Bearing No. 1 2 3 4

Reliabkility: 1.000E+00 1.000E+00 1.000E+00 1.000E+00

Material: 2.200E+00 2.200E+00 2Z.200E+00 1.370E+00

Lubrication: 2.333E-01 2.333E-01 Z2.100E-01 &.000E+00 -
4 I 2

Resultz [chown above] are current w/r/t worksheet data.




Lubricant Module (VISCOS)

The LUBRICANT module [VISCOS] calculates temperature
dependent properties of lubricating fluids. The program
requires the user to specify lubricant published properties or
to select them from the built-in lubricant database.

fo |- sl

Viscosity Data

Description / Report Title

| Sample Problem Mumber 1. |

MOEIL DOTE 757 Oil for 1800 rpm Turbine bearings|

|Last line of problem description.

Lubricant Product

Supplier [moBIL

Brand Name |DTE 757 Turbine Oil

VISCOS generates, as a function of
temperature, such parameters as:

Absolute viscosity
Kinematic viscosity

Specific gravity
Weight density
Specific heat

Heat content
Thermal conductivity

[ N N N N N S N o

Saybolt universal viscosity

Properties
50 Grce AP Gravey
First Certistoke | 20| a | 104.0| °F
¢ Lubricant Library — m} x [F
+_ Insert 97 Append # Delete B~ Duplicate
Supgi BrandN 150 APl 1st Kinematic st Kinematic 2nd Kinematic 2nd Kinematic Al
URRllEr randiame Grade Gravity Viscosity Point Viscosity Temp Viscosity Point Viscosity Temp.
32 |MOBIL DTE 10 Excel Series 68 3265 584 1040 117 2120
33 |MOBIL DTE 10 Excel Series 100 29.845 59.8 104.0 130 2120
34 |MOBIL DTE 10 Excel Series 150 29113 155.6 104.0 2120
36 |MOBIL DTE AGMA 1 306 437 104.0 2120
37 |MOBIL DTE Heavy Medium Oil 68 3114 65.1 104.0 87 2120
33 |MOBIL DTE Heavy Ol 100 293 95.1
95 |MOBIL DTE Light Gil 1z 34,97 N0 VISCOS has a built-in lubricant
Absolute Viscosity (Rens) data-base that can be accessed
to retrieve lubricant properties.

Last line of problem description. QUZUUU The data-base is USEr'friendly e /b5 Vis_(Rens)|
= . e
*%% [Inits of Heasure for this Fun are —» US (English) wi 01500 with Capabllltles for users to add
= .
TAELE WAS GENERATED FOR THE FOLLOWING LUERICANT: = 01000l and delete records as they wish.
S
Supplier ——> MOBIL . Brand Wame ——: DTE 797 Turbine 0il %
API Gravity [ @ A0eF~15.556@C ] = 0.32600E+02 IS0 Grade Humber - 32 S 00500F
lst Viscosity point {(Centistoke) = 0.32000E+02 @ Temp. {(@F; = 0.10400E+03 5
?nd Viscosity point (Centistoke) = 0.54000E+01 @ Temp. (@F) = 0.21200E+03 00000 iy
Computed SUS sec. @ 100eF~-37.778=2C = 0.16509E+03 50 100 150 200 250
Computed SUS sec.@ 210eF-98 . 88%=C = 0. 44359E+02 Lubricant Temperature (Degrees F)
C:\Users\Public\Documents\ARMDG1WiscosityVISCOS-1.vsg
Ab=olute — Viscosit Kinematic Saybolt Specific A5, Vis. (C-F]
|| yiscooity  Universal | Gravity % [ 2 V. 7]
Tenperature {Ren=) Centipoize= Centi=toke= Visco=ity (GmsC"33= a0
Degrees F. Lb-Sec-In"2 (Pa—=*1000) (H"2/=)%E+6 (Sec.) (g n"3)%=E-3 ] gg
=]
60000 0.14063E-04 0.96961E4+02 0.11245E+03 0.51976E+03 0.8623 £50
64000 0.12268E-04 0.84583E402 0.98266E+02 0.45439E+03 0.8608 40
68 .000 0.10752E-04 0.74131E402 0.86276E+02 0.39913E+03 0.8592 il
72.000 0.94654E-05 0.65261E4+02 0.76089E+02 0.35220E+03 0.8577 20
10 ity
76.000 0.83685E-05 0.57699E4+02 0.67391E+02 0.31217E+03 0.8562 . 50 100 150 200 950

Lubricant Temperature (Degrees F)




Wear-Rings tool

ArmdWear is an ARMD utility for

C: Wear (Ch\Users\Public\Documents\ ARMDET ArmdWear\Samples\WearlUS.WIM US) - [DataForm] - O

€3 File

3 New [ Open |g Save

Edit Data FRun View Tools Project Help

4 Cut [ Copy [ Paste

+# RBun Insert Value:

computing wear-ring/seal
performance properties including
dynamic coefficients (stiffness and
damping) of incompressible fluids
such as those found in boiler feed
pumps.

The computation is based on
Black and Jenssen "Effect of High
Pressure Ring Seals on Pump
Rotor Vibrations". The simulation
in ArmdWear can be performed for
a single point of operation or as a
function of operating parameters
such as Diameter, Length,
Clearance, Pressure Drop, Speed,
Fluid Viscosity or Density.

Wear-ring input data files can also
be linked to ARMD rotor

models developed in the rotor dynam

Description

Impeller Wear Ring Stffness & Damping Calculations
Prepared for Texaco, LA, CA

Multiple Cases

4 |4 15 of 20 I
Operating Conditions
Diameter 4735

Pressure Drop 300.0
Viscosity 3.045300e-07

4

User Specified Operating
Conditions and Lubricant

Properties

| X

Length 0.8635
Speed 3600.0
Density 8.134300e-05

Clearance 0.025
e Los

B

e

STIFFNESS (Lbf/Inch) Kxx
Kyx
DAMPING (Lbf-Sec/Inch) Dux

Dryx

CIRCUMFERENTIAL Reynolds number
AXIAL Reynolds number
FRICTION coefficient
Fluid Axial Velocity (inch/sec)-

______ > 5.96007E+03

———————————————— > 2.93769E+04
————————————————— > 6.10490E-03

—————— »  2.19961E+03

Kxy -» 7.49805E+03
Kyy -» -3.12560E+03
Dxy -» 1.65818E+01
Dyy -» -6.04234E-02

Fluid Mass Coefficient (1bf) Mxx=Myy -» &6.18814E-02

Mxy=Myx -= 0. 00000E+00

Generated Text
Output after Run
Button Pressed

3.12560E+03
7.49605E+03
6.04234E-02
1.65818E+01

H Single Case | Multiple Cases

ic

package ROTLAT, for automatic wear-ring
dynamic coefficients (stiffness & camping)

calculations and inclusion in the rotor
dynamic simulations.

Case <<¢< DIMENSIONAL
KXX

SPRING COEFFICIENTS
KXY K¥X

>
{lbf-inch) x> ™

K¥Y

Ho.

1 5. 70469E+4+02

2 1.11694E+03

3 1.64519E+03
4 2.15945E403
14 7. 02720E+03
15 7 . 49605E+03
16 7 .96258E+4+03
17 8. 42868E+03
18 8.89335E+03
19 9. 35R40E+03
20 9.81852E+4+03

(SR SLR PR TR ) R el el et

.08723E+02 —7.08723E+02
_05017E+03 —1.05017E+03
(32666E+03  —1.32666E+03
(S4408E+0S —1.54408E+03
_01731E+03  —3.01731E+03
_12560E+03 —3.12560E+03
.22982E+03 —3.22982E+03
L33CE4E+0F  —3.33564E+03
43966E+03  —3.43966E+03
_E4120E+03 -3.54120E+03
64218E+03  —3.6421BE+03

_70469E402
(11E94E+03
_E4E19E+03
(15345E+03
_02720E+03

=1 RS R R ey |

_A49605E4+03)
.96258E+03
CA2868E+032
L 89335E+03
C35640E+03
.81852E+03

=RV N




Aerodynamic Cross Coupling tool |[zmsen-seisrr censings

Aerodynamic Cross Coupling Destabilizing Effects
Per APl Standard 617 (7th Edition)

ArmdAeroCC is an ARMD utility 2 AetoCC (CAUsers\Public\Documents\ARMDST\Armd | | A~ Eor GENTRIFUGAL compressors
for computing gas compressor # File Edit Data Run View Tools Proje

Aerodynamic Cross Coupling () New [ Open [ Save | % Cut [ Copy (24 Pasts

Destabilizing Effects. The Description

Centrifugal Impeller Aerodynamic Cross-Coupling Effects @ D

computation can be based on one | |G RsE 0 e By o

Of the fO"OW|ng Dc = Impeller Diameter | _

Anticipated cross coupling effects (QAper AP1617), entered as +KXY and —KYX stiffnessin the
A- APl 617 fo r centr |fu g al | m pel | er. rotor dynamic software module ROTLAT, is defined/computed by the following procedures
B- API 617 for axial flow rotor. e , e .

C- ALFORD's equation.

D- WACHEL's equation. M4 osou  [p][M [&X

Parameters
The simulation can be performed
for a S|ng|e pOInt Of Operat|0n or Power ImpellerDiameter Impeller Discharge Width
as a fUﬂCtIOﬂ Of Input parameters Rotor Speed Discharge Gas Density Suction Gas Density
such as power, impeller diameter,
Impe"er dISCharge Clearance’ ratlo AerolC computed performance results for case 9 of 14: ~
Of dISChaI’ge tO SUCtIOﬂ denSItIeS, Formula used: API Standard 617 (Centrifugal compressors).

»»» STIFFNESS (1bf/inch) Kxx Kxy —-= 0. 00000E+000 2.1B8191E+003

etc. Ky : Kyy —-> -2.18191E+003 0. 000D0E+000
»»» DAMPING (1bf-sec/inch) Dux ; Duy -» 0. 00000E+000 0. 00000E+000
Dyx ; Dwyy -= 0. 0O000E+QD0 0. 00000E+QO0 o
Qreated input data files can be s Cone
linked to ARMD rotor models
. . Expand # Run
developed in the rotor dynamic —
package ROTLAT, for automatic Case <<c DIMENSIONAL Stiffnsss COEFFICIENTS (lbf/inch) >»> 2
aerodynamic cross-coupling 2
e . 1 0.00000E+000 G . 4G476E+003 -5 4C476E+003  0.00000E+000
coefficients calculations and 2  0.00000E+000 4 S4564E+003 -4 S4564E+003  0.00000E+000
destabilizing effects inclusion in 3 0.00000E+000 3. 89626E+003 -3.83626E+003  0.00000E+000
the rotor dynamic simulations. DI TOOELD0T RTINS KL

10 0.00000E4+000 2.09597E4+003 -2 09597E+003 0. 00000E+000




Advanced Rotating Machinery Dynamics

ARMD Documentation

ARMD package is supplied with a printed quick start manual that covers
installation, sample cases, features, and capabilities. The package also has a
comprehensive electronic user’s manual that includes the following sections:

™ Introduction, Set-up,
ARMD Installation and Operation Brochure Manual
™ Rotor Dynamics Lateral :
ROTLAT Vibration Overview Manual Samples
TORSION™ | Torsional Vibration Overview Manual Samples
JURNBR™ Cylindrical Fluid-Film Fixed Overview Manual Samples

Geometry Journal Bearings

w | Conical Fluid-Film Fixed :
HYBCBR Geometry Journal Bearings Overview Manual Samples

Fluid-Film Tilting-Pad

TILTBR Geometry Journal Bearings Overview Manual Samples
™ Fluid-Film Fixed and Tilting- .
THRSBR Pad Geometry Journal Bearings Overview Manual Samples
COBRA™ Rolling-Element Bearings Overview Manual Samples
™ Lubricant Temperature :
VISCOS Overview Manual Samples

Dependent Properties




Advanced Rotating Machinery Dynamics

ARMD incorporates advanced technical RoTAT - o
. . I ® g
and user interface features with built-in — s S
help utilities in each of its modules to G or [ ol D ROTLAT )
. . . . . lﬁl.- | - Rotor Dynamic Analysis
= ackgroun
simplify modeling, analysis, presentation, ord
d H t t t‘ f It T t H I ?] Rotor Dynamic Analysis m
and interpretation of results. 1utorials [2] Modeing Concepts o INTRODUCTION o HOWTO
d t b t I . -th Tutorial o TUTORIAL o SAMPLE SESSION
and step py step sampile sessions wi 1 W ROTLAT User iece © MODELING CONCEPTS o SAMPLE PROBLEMS
B ([ User's Guide
1 1 = ([ ROTLAT Main Form
advanced graphical presentation are (LT Vel For | | s ey T
P =i
Main Form Menus
th EnnyFnrm
among the many S le S - N A
sar
ampie S9€SSI10Nuronar __ £
features —— —
INTRODUCTION forcg Input )
H 1 f Lunzatancs
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Purchasing Options

ARMD is constructed from various solution
modules. It can be tailored to suit your
needs and budget. You may purchase any
combination of programs or all if you wish.
Licensing is available as a single seat or
multi-seat network configuration.

With your purchase, the package includes
the software (CD or download), quick start
manual, electronic user’s manual, technology
transfer and training session (optional),
updates, maintenance, and support.

System Requirements

Microsoft Windows 8, 10 or higher (32 or 64
bit).

Remembe r, with RBTS, you get

more than just the software, you get the
company with more than 50 years of
experience in the areas of tribology and
machinery dynamics.
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RBTS’ software has gained international reputation
for its:

»Technical Capabilities » Completeness
»User Friendliness » Support & Service




