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The fluid-film bearing module TILTBR provides a full-scale computerized analysis that incorporates
state-of-the-art numerical and modeling features. Itis an advanced program designed to handle
complex bearing geometries of tilting pad configuration. Complete performance predictions of
hydrodynamic, hydrostatic, and hybrid lubricated tilting-pad journal bearings operating in the
laminar and/or turbulent regimes can be generated. Analysis starts with subdividing the pad
surface area into a grid pattern in two dimensions (circumferential & axial) and establishing the
lubrication system of equations. Boundary conditions (pressurized boundaries, pockets, lines and
holes with specified pressures) are incorporated to the system of equations. Geometrical tapered
configurations at pad leading/trailing edges (sprag-relief) can be incorporated, as well as,
considerations to fluid inertia effects on pad tilt, at pad leading edge. An advanced variable-grid
finite-difference numerical method is employed for obtaining a solution, thus eliminating any
approximation typically associated with one dimensional analysis or look-up table methods.

A wide variety of tilting pad geometry journal bearings can be analyzed including:

* Any number of pads » Grouped pads » Leading/trailing edges
= Central pivot » Load between Pads taper / sprag-releif
= Offset pivot = Load on pad » Fluid-inertia force
= Evenly spaced pads = Any load direction effects on pad tilt
= Support pivot stiffness
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ARMD™ V6.2 — TILTBR Module

Simulation capabilities with TILTBR include such effects as lubricant feed circuitry with specified
pressures and feed orifices/nozzles, pressurized boundaries or grooves, speed, load, clearance,
preload, etc. Performance results include the following.

= Load capacity / journal position » Stiffness and damping (dynamic) coefficients
= Attitude angle including pad pitch degrees of freedom

= Viscous power loss = Clearance and pressure distribution

= Flow requirements » Heat balance and temperature rises

~

Clearance Pressure

S

~TILTBR-6.TPO O Post-Processor =N (=3
Case  Preload Viscosity Heat ¢ Description
HETE?E 7??107 E?F:SEC/I§73 ?IHZG Sample Problem 6 - 5 Pad Titting Pad Joumal Bearing.
put input 11 - . .
1 0.400 4 _0000E+00  0.0( | High Speed Test Rig Support Bearings.
2 0.400 4 .0000E+00 0.00 Pad Pivet Stiffness NOT Included.
3 0.400 4 .D00OE+00 0.0l
4 0.400 4 .DD0OE+00
: oo
TITBR.6.TPD Diameter 33 Pad Angle 60.0 # of Pivot Clearances 50
Auial Length 25 Orientation Angle 0.0 Viscosity 1.000000e-06
Case ECC Minimum-Film  Load (Lbf) Ang.! Radial Clearance 0.004 Ruotational Speed 20000.0 Full Matrix O
Hunmber Ratio Thiclk. {Inch) Capacity Ecceni
1 0 634 4 9955Esn3 2. 7( | Single Case | Muttiple Cases | Lubricant Properties
2 0 637 5 000BE+D3 2.7 3D
3 0.641 4.9952E+03 2.71 4 r T )
1 00645 S 0013E+03  2.70 4] 4 1 of 20 (A4 w | | Lube/Charter - 3D | Viewer
H 0,648 4. 9952E+03 271 Button
3 0.654 4.9935E+03 2.71 Operating Conditions
7 0.659 5. 0019E+D3 2.71
8 0666 4 9954E+03 2.7l Clearance 0.004 ILoad 5000.0 I Load Angle 270.0| Ort. Angle 0.0
3 0 E84 5 0029E+03 2.7
10 0.694 5. 001EE+03 2.7 Preload 04| Speed 200000, Grv. Angle 0.0| No. of Pads 5
- TILTBR-6.TPO
Case Supply—0il Tub. Film Filn-Viscos Min_ Film Thick.-> ?_SBlEi—fM {Inch) | LE.:C = 0.8344 @ Angle = JT?;GG (Deqg) ~
Wumber Temp.(Deg.F) Temp.(Deg.F) LBF-SEC/IN"2 ° Power-Loss ———3> 2_.5591E+01 (HE) | Side-Leakage QF -> 1_.T710ZE+00(Gpm)
- Load Capacity --»  4.9955E403 (Lbf) | Inlet-Flow QI -> -1.5403E+01(Gpm)
1 1. 2000E+02 1 0175E-06 | o |
% i:%gggg:gg %gg?gg:gg Supply-0il Temp.> 113.337  (Deg.F) |»>»> STIFENESS (Lbi/Inch)
4 1.1999E+02 1.1486E-06 Supply Flow Rate> £.1604 (Gpm) | KX ; KXY --> 3.883+06 1.zzsz+oo | Oenerated
5 1.1999E+02 1.1989E-06 Film-Temp (awg.)> 176.056 (Deg.F) | EYX ; KYY --> 1. &30E+00 &.823E+08 | textoutput
& 1.1933E+02 1.2525E-06 Viscosity —-—-—- > 1.017E-08 (ReRs) |———=—=——==——mm e || afterRun
7 1. 2000E+02 1. 3101E-06 ¥ Rl : -
8 1. 2000E+02 1. 3724E-06 Heat Content ---> 3.622 (BIU/G/F)|»>> DAMPING (Lbf-Sec/Inch) buttonis
g 1.1999E+02 1.3770E-06 Groove Temp. ---» 185.785  (Deg.F) | DX ; DXY --> 1.€37E403 3.483E-04 | pressed
i 1.2000E+02 1. 4433E-08 Max. Temp.{awg.)> 186.347  (Deg.F) | D¥X ; DYY --> 1_420E-04 Z.551E+03
11 1.2000E+D2 1.5149E-06 .
12 1.1999E+02 1. 5917E-06 | -———Individual Pad Results Below it |
13 1.2000E+02 1.6748E-06 Surface Velocity= 1.833E+04 (Ft/min) | Projected Pressure= 5_70%E+0Z2 (PSI) v
14 1. 2001E+02 1. 7634E-06
15 1. 2001E+02 1 B8593E-06
16 1.2001E+02 1.9617E-06&
17 1.2000E+02 2.0725E-06 45 Ok Cancel Help [F=%
18 1.2001E+02 2.1902E-06
13 1.2001E+02 2. 3174E-06 = Graph: Default (E= ESR5
I 20 1.2001E+02 - 2.4597E-06 C:\Users|PubliciDocuments\ARMDG0\Project TILTBR Project01\TILTBR 6.tpg
| STIFFNESS as a function of SPEED . .
= — Stiffness as a function of Speed.
C:\Users\P ublic\Documents\ARMD60\Project TILTBR-Project01\ TILTBR 6.tpg 1.700
MINIMUM FILM THICKNESS as a function of SPEED i K Stiffness|
1600 —H— Kxy Stiffness,
1500 —s— Kyx Stiffness
e Kyy Stiffness,
1400
0100 1300
1200
1100
51000
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g z
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ARMD™ V6.2 — TILTBR Module

® The release of RBTS’ ARMD Version 6 TILTBR module 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 new technical features.
TILTBR 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
common, as well as, complex bearing configurations with ease.

ARMD TILTBR users will immediately see the improvements as bearing design data are
presented in a flatter, more accessible format, with key fields and analysis options readily
visible from the main data entry 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 input
forms allow the user to see all of the data on screen at the same time. Furthermore, the
ability to simultaneously run multiple instances of the program permits rapid side-by-side
comparison of results.

A vastly improved pad configuration tab, on the basic bearing design input data form,
allows the user to rapidly configure the pad and assembled bearing with complete freedom
in pad and bearing attributes.

By identifying new trends from industry, along with RBTS’ involvement in bearings design,
performance evaluation and troubleshooting, new technical capabilities were added to the
software including the ability to define pad pivot stiffness and pad leading/trailing edge
tapers. User specified groove angle (angle between pads) allows the assembled bearing to
have evenly spaced pads (typical industry design) or grouped pads.

Version 6 TILTBR users need only pick an overall grid density or design, and the user
interface built-in analytical routines will generate the required grid network for the overall
design, automatically modified as needed to add additional grid points at feature locations.
Previous versions required the user to carefully design the fluid-film grid network in order to
place design feature locations (like tapers, specified pressure regions, etc.) at existing grid
points.

The grid design form now allows the user to specify grid locations by their physical
positions instead of their incremental distance from their neighboring grid points. If a grid
point increment is changed resulting in a mismatch between the size of the grid and the
size of the bearing, a single button click will proportionately resize the grid to fit the bearing.
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ARMD™ V6.2 — TILTBR Module

Enhanced Modeling, Usability and Technical Features Include:

» 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 or mouse right-click pop-up menu lists.

O Bearing (=N e
Basic Geometry | Pad Corfia | Operating Conditions | Pad Grid | Pad Grid With Features (Display Only)
Tilting Pad Journal Bearing
ASSEMELED BEARING MODEL SINGLE PAD MODEL
Pad Geometry
Number of Pads 5 Vs
Pad Angle = Pad Pad -
Pivot Angle ||| gop OMEOT| B i
Pad #1 Orientation Angle 50|  Clearance | L4 %;-
¥ % a1 Pad
A — | Thickness
Groove Angle 0.0 w0
L vat
Pivet Radius 0.0 ] Location
Pad Thickness 0.0 ;;’Jé i =X
Pad Material Density 0.0 33 oo
i
Preload Corfiguration ‘:?""'
W
P ' Clearance M;:hi;:ed\-in
Freload :Im T W=Load Radial Clearance
Preload =1 - (Setup Clearance | Radial Clearance )
O Options (=N e
Description | Eccertricity Ratios | Output and Solver Controls
A
Default Ratios Ratio -
Generate Default »
! 1
Ratio Set
Assembled 5 0025
Beari ng () 10 ratios - 005
. ) 24 ratios -
Eccentricites - 3 0075
(@) 50 ratios
5 0.1
) 100 ratios c n4198
~
Adjustments Lo Advanced EI@
O Adjust with Boundary Pressures, Fivot Stiffness, Edge Effects | Static Pressure Points / Pockets | Pivot Clearances
Muttiplisr
Boundary Conditions
Multiplier:
10 Cavitation Pressure 0.0 Groove Pressure 0.0
Fivat Stiffness
Generate
Include Piveot Stiffness Pivet Stiffness EXTEE
Fluid Inertia Effects
[] Leading Edge Inertia Effects Considered
4 Ok
Taper / Sprag
Taper / Sprag relief is:
Not Considered. <
=& Ok Cancel Help =%
Pivot Stiffness Ibf/in
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ARMD™ V6.2 — TILTBR Module

» Multiple instances of TILTBR. The newly
developed package can now open
simultaneous multiple instances of TILTBR,
so side-by-side comparison of bearings model
variations and analysis results are easy and
efficient. This functionality permits multiple
instances of TILTBR Version 6 or Version 5.8 to
be accessible on your display, from which,
portions of a model (grid layout, eccentricities,
etc.) can easily be moved from one instance to
another.

N
(9

Tiltbr (C:\Users\Public\Documents\ARMD60\Project\TILTBR-Project0O1\T|

File Edit Bearing Options Advanced Run Analysis Post-Processor View Tools V|
L) New [ Open g Save | % Cut [ Copy [ Paste |60 Bearing Model B Pad Grid Model | Inser
o Bearing

Basic Geometry | Pad Config | Operating Conditions | Pad Grid | Pad Grid With Features (Display Only)

Tilting Pad Journal Be
ASSEMELED BEARING MODEL

Pad Geometry
Number of Pads 5 Y
Pad Angle 60.0 Pad Pad
PFivot Angle 30.0 Semnb'ﬂ'se_ By e
Pad #1 Oriertation Angle \—ml Clearanca
:,,
Groove Angle 0.0 o/
Pivot Radius 0.0 E‘%
Pad Thickness 0.0 E’E‘
Pad Materal Density 0.0 5E

Preload Corfiguration

Praload W:Lmﬂchitincu
ns‘a ad$reload =1 - (Setup Clearance [ Radial Clearance }
Y BR etw ee? z
5P 3¢ P ot Ok Cancel Help

77 TILTBR (C:\Users\Public\Documents\ARMDSS\TILTBR1S-DEMO.SNI US)

=

B [ |

File Edit Single Assembly Run View Project Window Help
DlB] & ] ss|slo] x| w2 BlEs] 2]
7 SINGLE Bearing Geometry - 8
Basic Geomety  Pad 1 -“’
5 \“sta pads
RV een
TwIB ag ety
Pad argle: 5. 000000E 001 | \_0 GLE PAD MODEL
Fiherks 3. 000000E 00 5‘P
Thicknesz of pad: |8, 750000E-001 '
:  .Shne
L3 Tiltor (CA\Users\Public\Documents\ARMD60\Project\TILTBR-Project0 NTILTBR-7.sni.. — ©
File Edit Bearing Options Advanced Run Analysis Post-Processor View Tools Window
) New [25 Open g Save | % Cut [ Copy (£ Paste || 20 Bearing Model B Pad Grid Model | Insert Value:
o Advanced =0 =0
Boundary Pressures, Pivot Stffness, Edge Effects | Static Pressure Paints / Pockets | Pivet Clearances
Boundary Conditions
Cavitation Pressure 0.0 Groove Pressure 0.0
Pivat Stiffness
Include Pivot Stffness Pivot Stiffness 3.000000e<06
Fluid Inertia Effects 2
[[] Leading Edge Inettia Effects Considered ﬂ
() n S‘a Pads
18R VO oowwee?
Taper / Sprag 1\\— \_Oad Be {‘“ness
Taper / Sprag relief is 5,Pad‘ W p'NO‘ S
Mot Considered. \1
=+ Ok Cancel Help (F =Y

Orientation Angle

TILTER-Project01

» User Configurable Expanded Toolbar. The main toolbar contains controls used to access
frequently used functions (these functions are usually accessible from a menu as well). When a
function is not available, its control on the toolbar will be disabled and displayed in a faded gray
color. A user configurable expanded Toolbar has been added (second row of the toolbar shown

below) for quick access to all of the View

File Edit Bearing Options Advanced Run Analysis Post-Processor View Tools WindDW\I/Project Help

menu functions.

Mathematical
expressions_evaluator

Auto,Convert

) New [ Open gl Save | § Cut [ Copy [§% Paste || 00 Bearing Model BB Pad Grid Model |[] Convert Units |Insert Value: || ElEEES ) SR
View: | Input | Model: 15 Bearing BB Pad | Graphics Output: [ 2D [Rg 3D Post {5 2D Single | Text Output: |i| Bearing || Post Single i Post Multiple [] Single Pad
View 9|D§(l Bearing |
|[E InputFile B Pad Grid
e Model r .
= : = : : % 2D
|L-‘j Graphics Output P >| [ Bearing Analysis  » > E .
|[H Text Output . |t\"¥j Post Processor | o
" % 2D Single
/" Check for Errors
L"T-‘j Quick Chart 9@ Bearing Analysis
Show View Button Bar |E| Post Processor 3 | |E Single Case
@ SinglePad @ Muttiple Cases |
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ARMD™ V6.2 — TILTBR Module

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

» Pre-Configured Bearings and Orientations. The newly developed package incorporates a
significant number of preconfigured bearing types (templates) used in industry. When creating a
new bearing model the built-in wizard and templates expedite the creation of bearing models and
provide bearing performance results in few keystrokes. Users can create additional templates of
their specific bearing configurations and utilize them during their normal work flow.

3 New File - o 3 New File - O

Select units of measure: Select units of measure:
(@) 1S customary / English (®) 15 customary / English
) 51/ Metric ) 51/ Metric
[] Set As Default [] Set As Default

{® Build from Template

(®) Build from Template

— 3 Pad Load Between Pads A .
() User Defined (blank file) 3 Fad Load Between Fads () User Defined (blank file)
3 Pad Load On Pad
Template Style: 4 Pad Load Between Pads Template Style:
4 Pad Load On Pad
3 Pad Load Between Pads ML Zee> 4 5 Pad Load Between Pads 5 Pad Load Between Pads <
5 Pad Load On Pad
& Pad Load Between Pads
6 Pad Load On Pad
oK Cancel Help QK Cancel Help
o 5 Pad Tili $3 5 Pad Tilting {3 5 Pad Tilting Pad Bearing, Load Between Pads. = B
¥ &-Tiiting Pads
As an example B
|t takeS Only Please enter Diameter Please enter fuial Length Please enter Machined-in : N ‘\\“ ALY
H Radial Clearance (C) . & 3y Angle
five steps s
e . {inch ) (inch ) (inch ) LR
utilizing : W
templates/wiza | [so ||| 20 | o

rd to model a
bearing with its
geometry and
operating
Speed to Please enter Operating Speed
provide a
complete
solution of
bearing oo\ _
performance. LoadAngle” e . = 2ne” Radial Clearance

9 5 Pad Tilting Pad Bearing, Load Between Pads. = =

Machined-in
Radial Clearance

5-Tilting Pads
\\ ~
= > Drientation

W, Angle

N Cancel Help

(RPM) : AN
Run Solver?

Do you wish to run the solver now?

= Back Finish Cancel Help
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ARMD™ V6.2 — TILTBR Module

. o Beari =)
> Bearing Pad — r= e sl
CO n fl g u I'a'[l on — Basic Geometry | Pad Corfig | Operating Conditions | Pad Grid | Pad Grid With Features (Display Cnly)
Beari ng Form. Tilting Pad Journal Bearing
il " ASSEMBLED BEARING MODEL SINGLE PAD MODEL
'ad Geometry
A VaSt|y MNumber of Pads 5 i
H d d Pad Angle 60 Pad Pad
Impr_ove Pa Pivt Angls | | go OO B ¥
configuration tab Fad #1 Orientation Andle 0] Cloaranes, .
allows the user to . 0 ¥ [

i i Fivot Radius 0.0 B e
SpeCIfy baSIC Pad Thickness 0o %;’E =X
bearing pad Fad Material Dersiy 0o 3§

Conflguratlon and Preload Carfiguration
preload in one e i L
- Frcad D ] e
location as Lo
Preload =1 - (Setup Clearance / Radial Clearance )
shown here.
5 Ok Cancel Help (=Y
Preload Ratio dimensionless
> . .
Bear! ng Pad Grid o S B
Bearing Form.
Basic Geometry | Pad Config | Operating Conditions | Pad Grid | Pad Grid With Features (Display Only)
The pad grld network |S o . Hoial Grid Poirts : Circumferential Grid Points :

. . G|_1|:I point 1 at Iuc:allul_‘l Increment Location L Increment Location 2
utilized for formation and e, oo R — IR
solution of the lubrication 3 005 o1 3 10 20

. . . Show
equations resultlng In | increments 4 0.05 0.15 4 10 30
the overall bearin ] o ” ] w0 =
g Curent Grid Size B 0.05 0.25 & 10 50
performance results. In Pad Gid: 7 005 03 7 10 &0
previous versions of the sl O 8 0.05 0.35 8 10 70
software, the grid T et 9 0.05 04 5 10 )
. e T 10 0.05 045 10 10 30
network was defined by el o N o0 05 N o 08
the user. The new 12 0.05 0.55 12 1.0 110
version, by defau|t, _ 13 0.05 085 13 1.0 120
: EETEEIEL 14 0.05 065 14 10 130
automatically generates
th d t k th Validate./Repair Grid 15 0.05 07 v 15 10 140 v
€ grid network wi |
user option of low,
medium, or high density + Ok Cancel Help &
gr|dd|ng User SpeCIerd Cirgumferential Point Increment degrees

grid network can be
selected to override the

™

(0 Generate Grid = B O Generate Grid = =

H Grid Type Grid Type
default Setting . AS - "Q'ygefauh ) User Specied j r'j'-ytp)eaaun ®) User Specfied
illustrated here, the new Ifagrid pointincrement | £ o cypeuy =
. ! is changed resulting in o O Low ® Medum O Hioh 9 0

version allows the user amismatchbetween | £ o o o |2
to specify grid locations thesize of thegridand | & 5 | e st

M M the Size Of the bearlng! 8 8 Number of Awal Points  Number of Circumferertial Paints
by their phy5|ca| asingle button click will = a % B
pOS |t|0 nsi nSte ad Of J USt {:)hrop?lrélct)n?lttetlz resize I you click Generate, a new grid will be built and any old grid FFyou click Generate, a new grid wil be buit and any old grid
their incremental b:a?in ° © e oo oo o oo Hors i b sy e T ey e

g to include those locations as nesded to include those locations as nesded

distance from their — —

neighboring grid points.
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ARMD™ V6.2 — TILTBR Module

» Eccentricity Ratios — Options Form. Journal eccentricity in the bearing bore is defined as the ratio
of journal position to bearing pad machined-in radial clearance. For an assembled bearing with no
preload, the eccentricity ratio ranges from 0.0 (concentric) to just below 1.0 for eccentric operation
assuming the journal is only moving in the direction of a pad pivot location.. Eccentricity ratios are
automatically generated (10, 24, 50 default, 100 eccentricities, or as specified by the user) as shown

below.
() Options [o |-
Description | Eccentricity Ratios | Output and Solver Controls
Default Ratios Riatia A
Generate Default
Generts » 1
Assembled _ 5 0025
Bearing & 3 0.05
- - '::::' 24 ratios 4 0.07%
Eccentricites | - o
(@) 50 ratios 5 0.1
- s Cut Ctrl+X
() 100 ratios G 0.125 -
52 Copy Ctrl+C
Adjustments : 015 [ Paste Ctrl+V
Adjust with J 017 T Clear
Multiplier g 0.2
Multiplier: 10 025 |-L Insert Row F3
10 1 03 qr  Append Row Ctrl+F3
12 0.35 #  Delete Row Fd
Genorae 1 04 B Duplicate Row F5
14 045 [l v
=& Ok Cancel Help F e
Default Ratios
Journals in tilting pad bearings may operate above E;TS?; Defauit
eccentricity ratio of 1.0 (operation between pads with pad
tilt), and for heavily loaded bearings, the eccentricity ratio (_) 10 ratios
may reach as high as 2.0. The new version provides the () 24 ratios
user with means to exceed the maximum computed ,
. . . . . (@ 50 ratios
eccentricity ratio with the newly implemented -
“Adjustments” option. () 100 ratios
In previous versions eccentricities above 1.0 had to be Adjustments
specified manually. In version 6 the adjustments option Adjust with
allows the user to extend the eccentricity ratio computation Muttipiier
range by simply checking the "Adjust for Multiplier" box Multiplier:
and entering a multiplier. The Generate button is then 20
pressed to generate the desired range of eccentricity
ratios. Generate
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ARMD™ V6.2 — TILTBR Module

o Options =n =R
> O u t p u t an d SO I ver Description | Eccentricity Ratios | Cutput and Solver Controls
Cont_rols - Op_tlons Form. ot e
Ve rsion 6 provldes the user (®) Condensed () Intermediate () Detailed
with condensed, .
i nterm ed | ate an d d et ai |ed Eccentricity angle 2700 Bearing Analysis with Single Pad:
I f h Mumber of iterations for load angle convergence 50 Included next un W
0 Utp L_'lt resu t_S of the . Truncation constant for load angle convergence 0.005
SO I UtIO n by Sl m p Iy Se Iectl ng Full stiffness and damping matrices for Rotor Dynamics (|
the appropriate radio Dymamic Partubations
bUtton . Addltlona"y the Si?::thc\'rzﬂclt‘:i:nm;isplacemem 0.0005
restore default button Pitch Direction Displacement 00005
provides default settings on e
. . Pivot Direction Velocity 0.005
increments for stiffness Pich Diection Velciy 0005
and damping coefficients to
Restore Defaults For These Values
be generated.
4 Ol Canceal Help =8

» Static Pressure Points / Lines / Pockets — Advanced Form. New features implemented in
version 6 provide the user with means to specify pressure conditions, some of which include:

= Pressure point at an intersection of a radial and circumferential location in the pad surface area.
= Pressure line in either radial or circumferential direction in the pad surface area.
= Pressure pocket/box in the pad surface area.

Pressurized points, lines, or o Advanees e

pockets are specified by St P e Pock Specified
. . i i itati it et i
thelr phySICal geometry (Of Boundary Pressures, Pivot Stiffness, Edge Effects IC Fressure Foints / FockeEts | Pivot Clearances e

axial and circumferential ; : Box
.. . . Pesial Puial2 Circ1 Circ2 Press

positions) in the bearing pad v - . P o ﬁ
surface area, unlike previous : : : :
versions which permitted
only the specification of o Ok Cancel Help e
pressures at already
established grid points.

Pressure psig

The above specified conditions illustrate (shown below with the display of the pad grid layout) the
specification of pressurized pocket/box bounded axially at 0.9 and 1.1 inches (due to

| F SPAD TLTING FN)EE_F-FN- Modeled with 60 D:'j Vw_ﬂ-l\. CENTRALLY FIVOTED
symmetry), and B8 Pad Grid - C\Users\Public\Documents\ARMDBOTILTBR\... [ |[ B |[ 58 | | i smiracs smeaioricosit iy afoeome it s
C:\WUsers\Public\Documents\ARMDGO\TILTBRIDEMO-WithPressurizedPivot.sni

CI rCU mferentla"y 5-PAD TILTING PAD BEARING Modeled with 60 Deg.Pad Arc CENTRALLY PIVOTED

LOAD-BETWEEN-PADS WITH PAD PIVOT LOCATIOM AT 90 DEGREE FROM +X AXIS.

Ztesfegsand 310 gﬂpdu: L}EQ):I-,‘IETER.2-LENGTH.3-SF'EED.(A;E}il%arr:r“af:;f%'ésis-:%z:%;{::\ess .
y Fixed grid

representing a
high-pressure

recess feed at the

3281302

pad pivot .
. 22
location. ; 2

1 40536402

STSED

Representing pad half axial length

M
Pad grid model Pressurized Pivot

4. sarsEea

000008400
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ARMD™ V6.2 — TILTBR Module

» Boundary Pressures, Pivot Stiffness, Fluid Edge Effects — Advanced Form. New features
implemented in version 6 provide the user with means to specify pad support pivot stiffness to be
incorporated in the assembled bearing fluid-film stiffness matrix. Checking the “Include Pivot
Stiffness” box is all that is needed. User may specify their own value of the pivot stiffness or the
default value of 3.00E+06 (Ibf/inch, or its equivalent in Sl units) will be considered.

P =

< Advanced =nEEE ="

Boundary Pressures, Pivot Stiffness, Edge Effects | Static Pressure Points / Pockets | Pivot Clearances

Boundary Conditions

Cavitation Pressure 0.0 Groove Pressure 0.0

Pivaot Stiffness
Include Pivot Stffness Fivaot Stiffness 3. DUUO0 e+

Fluid Inertia Effects

[ ] Leading Edge Inertia Effects Considered

Taper / Sprag
Taper / Sprag relief is:
Mot Considered. - UL

== Ok Cancel Help F e

Prvot Stiffness Ibf/in

Additionally, fluid inertia effects on pad tilt may be considered by simply checking the “Leading

Edge Inertia Effects” box in the form.
Mathematical

Expressions
Auto Convert evaluator

» Evaluate Mathematical Expressions. When entering data to \I/
cells, this data entry field has the ability to evaluate mathematical
expressions, without having to launch a calculator app. [ Convert Units| Insert Value: %

» Whole Number Display. For improved legibility, defaulting to scientific notation when required.
Trailing zeros are implied out to seven significant digits.

» 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.

» Data 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.

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA ® Tel:610-415-0412 ® info@rbts.com ® www.rbts.com Page 11 of 20




ARMD™ V6.2 — TILTBR Module

» Error diagnostics. Quickly walks user through any model input errors. A mouse click navigates
the user to the next error found.

Enable Units Conversion from Expression Evaluator

v
| Enable Rounding Button

Set Rounding Precision

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

» Data Entry. All data entry forms can be open simultaneously for ease of model building & analysis.

9] Tiltbr (C:\Users\Public\Documents\ARMD60\Project\TILTBR-ProjectO I\TILTBR-7.sni US) - O
File Edit Bearing Options Advanced Run Analysis Post-Processor View Tools Window Project Help
[ Mew (25 Open |l Seve | % Cut [ Copy (¥ Paste |03 BearingModel 8 Pad Grid Model | Insert Value:
o Bearing (=R e Post-Processor ===
Basic Geometry | Pad Corfig | Operating Condtions | Pad Grd | Pad Grid With Features (Display Oriy) Desaription
Sample Problem 7 - 5 Pad Titing Pad Journal Bearing.
High Speed Test Rig Support Bearings:
Pad Pivot Stiffness INCLUDED.
Tilting Pad Journal Bearing
SINGLE PAD MODEL ASSEMBLED BEARIN{ .
SINGLE PAD MODEL ASSEMBLED BEARIN Diameter 35 Pad Angle 60.0 # of Pivot Clearances 50
Y) Modal Length 25 Crientation Angle 0.0 Viscosity 1.000000e-06
! Radial Clearance 0.004 Rotational Speed 20000.0 Full Matri
5 . Pad "
H . Single Case
(- 15 Thickness na 1 gl Multiple Cases | Lubricant Properties
|| 4 1 of 20 ] @K Lube/Chanfer | | # Run an
) Pivot
Al Length 25 Location Operating Conditions
S 4 Clearance 0.004  Load 5000.0| Load Angle 270.0) Ot. Angle 50.0
Radial Clearance 0.004
Preload 04 Speed 20000.0| Grv. Angle 0.0/ Mo. of Pads 5.0
!
= ]
Load Angle 2700 2o . Min.Film Thick.->  9.8316E-04 (Iach)| ECC = 0.6344 @ Angle = 270.00 (Deg) ~
& f. ) Power-Loss  --->  2.5591E+01 (HP) | Side-Leakage QF -» 1.T102E+00(Cpm)
R ] Load Capaeity --> 4.9885E+08 (Lbf) | Inlet-Flow QI —-> -1.5408E+01 (Gpm)
1 | 1
e Supply-0il Temp.> 115.957  (Deg.F) |>>> STIFFNESS (LbZ/Inch)
Machined-n By mor e | Clos (G msmn o uasens 1z
" ilm-Temp (avg. 76.056  (Deg. ; - 630 .S88E+06
Radial Clearance Viscosity —----- > 1.017E-06 (Rens) | 1
Heat Content ——-> 22 (BTU/G/F) |>>> DAMPING (Lbf-Sec/Inch)
Groove Temp. —--> (Deg.F) | DXX ; DKY --> 1 a.
Max_ Temp. (avg.)> (Deg.F) | DYX ; DYY --> 1.4 z.
= Ok Cancel Help |----Individual Pad Results Below-—--- I 1
Surface Velocity= 1. 833E+04 (Ft/min) | DProjected Pressure= 5.709E+0Z (BSI)
v
— N BRGVU - [inter.tiv] o B
- C:\Users\Public\Documents\ARMDE0\Projec\ TILTBR-ProjectOT\TILTBR-7.
& Pad Grid - C\Users\fl CY \ \ 60\Projecty ject0Ty [& File Edit View Contours Deformations Display Zoom Rotate Colors Window Help _[&[x
C:\Users\Public\Documen Sample Problem 7 - 5 Pad Titing Pad Joumal Bearing =
: N y : B =
Sample Problem 7- 5 Pad Tiltin EfdhF,Si\?;E;;ﬁz’s?ﬁ'ﬁpgggea"ngs E g@
High Speed TestRig Support B B
Pad Pivot Stifiness INGLUDED.| Number of Fads E;’EFS‘T);E‘]E’;7R7555pr1;ﬂt'gi:::gf“’”ﬁ' Bearing 1 BSE3E+03
Pad 1 °f51 5 1 | Pad Fivat Stiffness INCLUDED 1.5921E+03
Fixed grid| EE%A"Q‘E‘ degrees 1 4550E+03
Pivat Angle, degrees 1.3798E403
300 1.2737E+03
Orientation Angle, degrees T
%00
Diameter, inch 1.0614E+03
35 355266402
Aodal Length, inch
25 8.4914E+02
Radial Clezrancs, inch I 74299E+02
5% 0.004 2
Tz 2] & 3B85E+02
28 HHH A Load Angle. degrees >
S 2700 2 5 30TIE+D2
=8 =1
Zc Speed, RPM @ & 2457E402
200000 g 318436402
Preload Z/\x
04 2.1226E+02
Setup Clearance. inch 1.0614E+02
0.0024 Contours Pressure [psi]  Deformation Pressure [psi
28| Pad Offset, inch Oultput Set Pivot-C Min = 00012 Max = 0.0033 0.0000E+00
Pad grid mode! 0.0016 C\Users\Public\Documents\ARMDG0\Tilthr\inter.tiv NUM

TILTBR-Project0l

» 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.

» Quick Chart. This feature rapidly displays an X-Y graph of entered tabular data for visual
verification of correctness. ARMD Graph software is still available for complete graphic analysis

capabilities.

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

» Live 2-D Graphics Models.

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 the bearing model..

O Bearing Lo & ]

Basic Geometry | Fad Config | Operating Conditions | Pad Grid | Pad Grid With Features (Display Crily)

Tilting Pad Journal Bearing

Changing the ASSEMBLED BEARING MODEL SINGLE PAD MODEL
Pad Geometry

numberofpads e [ :

from 3 to 6, then Pad Angle 30.0 Pad  Pad
Pivat Angle 15.0 Offset #1,\: N = W

Setup

grOUplng padS, Pad #1 Orientation Angl Clearance ‘}:’5—5 — "O,’%
will automatically ' —

modify the cooverge [ F]

Pad
Thickness

>

o )

g Fivot Radius 0.0 2% \ /Foeason
graphics model Pad Trickness 00 3 -y ~x
as shown here. Pad Material Density 0o 3¢ =k

S Em
Preload Corfiguration k Pl
T vy
. ngle . "Radial > e
Preload 0.4 = C:a‘:ance Machined-in
. e W=Load Radial Clearance
3 Pad 1 6 Pad Model
Model Grouped

‘ a|Buy peo
T
‘ a|Buy peo
T

Modifying pad grid network size from 26 X 61 to 26 X 37 automatically update the pad grid as
shown below.

# Pad Grid - C:\Users\Public\Documents\ARMD60\Project\TILTBR-ProjectOI\TILTBR-7.5ni [ = || =1 |[sidw] # Pad Grid - C:\Users\Public\Documents\ARMD60\Project\TILTBR-ProjectOI\TILTBR-7.5ni [ = || =1 |[sidw]
C:\Users\Public\Documents\ARMDG0\Project\TILTBR-Project01\TILTBR-7.sni C:\Users\Public\Documents\ARMD60\Project\TILTBR-Project01\TILTBR-7.sni
Sample Problem 7 - 5 Pad Tilting Pad Journal Bearing Sample Problem 7 - 5 Pad Tilting Pad Journal Bearing
High Speed TestRig Support Bearings. High Speed TestRig Support Bearings.
Pad Pivot Stiffness INCLUDED Pad Pivet Stiffness INCLUDED
Pad 1 of 5 Circumferential Direction Pad 1 0of5 Circumferential Direction
1 (Pad Angle =60.0 degrees) 1 1 (Pad Angle =60.0 degrees) r
Fixed grid| Fixed grid|
at a £
28 28
axial=0.5473959, circumferential=36.47829 Pad grid mode!

» Metafile enabled copy and paste of bearing and pad grid graphics models for better reporting.

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA ® Tel:610-415-0412 ® info@rbts.com ® www.rbts.com Page 13 of 20




ARMD™ V6.2 — TILTBR Module

» Post-Processor. Following a complete bearing modeling and performance map solution as a
function of pad pivot film-thickness/clearance, the post processor illustrated below immediately
provides assembled bearing performance results when the Run button is pressed. The complete
bearing performance results can be generated for a Single-Case or Multiple-Cases with user
specified operating conditions of Load, Speed, Viscosity, Supply Lubricant Flow Rate,
Temperatures, Pressure, Orifice/Nozzle Geometry, etc.

o Post-Processor =N =R <
Description

Sample Problem 6 - 5 Pad Titting Pad Joumal Bearing.
High Speed Test Rig Support Bearings.
Pad Pivat Stiffness NOT Included.

Modeled Diameter 15 Pad Angle 60.0 # of Pivot Clearances 50
Beanng Audal Length 25 Orientation Angle 0.0 Viscosity 1.000000=-06
Geom etry Radial Clearance 0.004 Rotational Speed 20000.0 Full Matrix ]

—

| Single Case | Multiple Cases | Lubricant Properties |

4 4 1 of 20 | op 'ﬁ' Lube/Chamfer #  Run
Operating Conditions
Clearance 0.004| Load 5000.0| Load Angle 270.0{ Ort. Angle 300

User ™ Preload 04| Speed 20000.0] Grv. Angle 0.0/ No. of Pads 5.0
Specified
Case(s) & |
Operating
Conditions

Single Case results are displayed
here after the Run button is pressed.

= Ol Cancel Help F =

Lubricant Properties can be

selected from the built-in lubricant % T — =
database or specified by the user. e % Aopend X Dekte & Dusloste
User specific lubricants, not - _— 0 A ke iekemme | adfenmn | ke J°
. . uppler randfiame Grade Gravity Viscosity Paint Viscosity Temp Viscosity Paint Viscostty Temp
available in the database, can be 87 |TEXACO REGAL R8O 220 20 27 200 1040 181 2120
H 88 | TEXACO REGAL R&0 320 320 261 3200 1040 21 2120
added for later retrieval and use. s o R0
Lubricant Propeties an | TEXACO REGAL REO N-10D 100 20 100.0 1040 3.0 2120
TEXACO REGAL R&0 N-68 68 29 67.0 1040 72 2120
T . TOTAL PRESLIA 100 100 28.206 993 1040 14 2120
= e TOTAL PRESLIA 32 EINER 123 040 54 2120
& & Brand Name 150 Grade 320l TOTAL PRESLIA 46 45 0214 453 104.0 68 2120
oose Lubricant
SO Grade 32 TOTAL PRESLIA 63 68| 28568 674 1040 87 2120
AP| Gravity 210 Typical 1SO Grade 100l 10 14 100 1040 266 2120
Typical IS0 Grade  150il 15 e 15.0 1040 N 2120
R ) Typical 150 Grade 2200 e 1040 12 2120
Typical 1SO Grade 46 0il 21208
2nd Poirt 5.36/ 2nd Temperature 2120
Save Select Cancel Help
Reset [F=Y

Suppe
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ARMD™ V6.2 — TILTBR Module

Feed-Nozzles: Feed nozzles numbers and orifice geometry may influence the bearing
performance significantly. For tilting pad feed nozzles the flow is controlled by the number of feed
nozzles and their orifice diameter. Due to supply lubricant pressure, these flow rates impact the
heat balance and temperature rise through the bearing which in turn influences the oil film
viscosity, thus affecting bearing performance.

Simulation with the latest version can include the influence of a pressurized nozzle feeding
system, or classical flow assumption (non-starved lubrication). By default, classical flow is
simulated by assuming that the bearing's supply flow rate is equal to its side leakage flow rate as
a minimum, or the simulation will utilize the user specified supply flow rate.

For pressurized lubricant supplied through sharp-edge orifices/nozzles (typically incorporated in
tilting pad bearings) the supply pressure, number of orifices/nozzles per pad and orifice/nozzle
geometry are to be specified by the user.

Images of pressure fed tilting pad journal bearing are shown below for a single (one) feed-
orifice/nozzle per pad and a three feed-orifice/nozzles per pad.

1lubricant feed

4 nozzle per pad 5Pad Bearing
; 3lubricant feed nozzles per pad

¢ Single Case Lube Details = B -
LB [C] User Specified Viscosity and Heat Cortent
For “Pressurized Fim Temperature 0.0
flow type’ the Supply Temperature 1200 o
supply pressure, R
= = i W
number of i [Prossunies k& .E::;E:
orifices/nozzles Supply Flow Rate 0.0 A
per pad and
orifice/nozzle Pressurized Feeding System
geometry are # of Orifices per Pad 1 Supply Pressure [20.0
specified by the Orfice Discharge Coef. 0.0 Orfice Diameter 0.118
user.
Ok | [ Cancel | [ Heb
Lube Supply Pressure psig
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ARMD™ V6.2 — TILTBR Module

Single Case: 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.

G Post-Processor = >

Description Pressure/
Sample Problem & - 5 Pad Titting Pad Joumal Bearing. Clearance
High Speed Test Rig Support Bearings. Distributionls

Pad Pivet Stiffness NOT Included. 3D View Button

Diameter 35 Pad Angle 60.0 H of Pivat Clearances 50
Hedal Length 25 Orientation Angle 00 Viscosity 1.000000e-06
Radial Clearance 0.004 Rotational Speed 20000.0 Full Matrlb:\g

Modeled Bearing Details

un
I'U'Iurtiple Cases | Lubricant Properties Analvsis

Scroll through cases. y 4

7 4|4 1 of 20 bRl dh | [ Lube/Chamfer | | # Run I D

Operating Conditions
Clearance 0004 Load 5000.0| Load Angle 270.0| Ort. Angle 50.0

Preload 04| Speed 200000 Grv. Angle 0.0/ Mo.of Pads h0

Min.Film Thick.->» 5.8312E-04 (Inch)| ECC = D.e344 @ Angle = Z70.00 (Deg) )
Power—Loss - Z.5591E4+01 (HE) | Side-Leskage QF —-» 1.710ZE+00(Gpm)

Load Ceapacity ——-> 4.9355E4+03 (Lbkf) | Inlet-Flow QI ->» -1.5403E+01 (Gpm)
e |- |

Supply-0il Temp.> 113%.557 (Deg.F) |>>>» STIFFHESS (Lb£f/Inch)
Supply Flow Rate> & 1604 (Com) [IEEccdEiE s SRt N LI
Film-Temp (awg.)> 17&.058 (Deg.F) | EYH ; EYY --> 1_&830E4+00 &
Viscosity —--———- > 1.017E-0& (Rens) |-————————————————_———————————————_——_—————— |
. Heat Content ——->» 3822 (BTU/G/F) |»>> DEMPING (Lbf-Secs/Inch)
Complete Bearlng Groove Temp. —-—-* 185.7&5 (Deg_F) | DEH ; DEY --» 1_&37E+03 3_483E-04
Performance Results Max. Temp.(=vg.)> 186.347  (Deg.F) | D¥H ; D¥Y --> 1.420E-04 2.551E+03
including bearing |-—--Individuzl Pad Results Below----- [ - 1| Generated

; -~ Surface Velocity= 1.833E+04 (Ft/min)| Projected Pressure= 5.703E+02 (PSI) text Output
system and individual __

] after Run
pad heat balance. Indiwvidual Pad Heat Beslance Besults|Estimate For NON-Flooded Environment .
Supply Flow Rate to Bearing = 6.1604E+00 (gpm) @ Ts = 1.2000E+02 (deg.F) button is
Resulting in = Computed Mixed-0il Exit Temperature -> 1.7084E+0Z (deg.F) pressed

Sump/Groove Avg-Film Max-Film Min-Film Power Side
Ped Temperzsture Temperature Tempersture Thickness Loss Lezkage
No. (degree F.) (degree F.) (degree F.) {inch) thp) (gpm)

1 1.7247E+02 1.7550E+0Z 1.785
3 1.86Z0E+02 1.7180E+0Z 1.774
3 1.81le7E+02 1.9445E4+0Z Z.272
4 Z_400
5 1.322

Z£.4191E+00 1.1370E-01
-SBZBE-03 3.313ZE+00 3.9453E-01
g 272531-00 4.0366E-01

1_7454E+02 Z_0731E+02

1.8108E+02 1.8&68E+02 _313231-00 3.9453%E-01

= Ok Cancel Help F

o603
I87HE09 I
SETEOE03

umsse.03

Sample Problem & - § Pad Tiling Pacl Journal Bearing. F. Sale Protlon ¢ P Titg Pad ournel Boring I Sarcie ot 6P TP sl Beweg.

Figh Speed Test Rig Suppert Bearings. ngh Speed Test Rig Support Bear Hioh Speed Teat
Fa Fivol Stiffness NOT Included. e P ilnese O \nc\uded P2 Fvcl Sl ness NOT Fchaie

15921403 15921403
14880405 146508403
157588403 13788403
127578405 12737803 P
116768403 11678603 .
10614405 106148403 230008 03
ass28Ee02 955286402 amisseos
8491802 B.4314E402 P
7.a0sE02 742088402 2350

638856402 21380809

s307iE2
42087802
1843802
21228802 ¥

End View 1osue0 e, 3D View 't
Ips] Pressure Distribution oo Contours Chmwmee ] Oetomaseny Cisorscel Clearance Distribution  ssmes

n Pre:
Cupa Sl e = 5081z Nk 00059 S Set Aol e Q001 IMsx s 008

636856402

s3071E402 15655603

42457E+02 17sE0

318436402 15006609

138803

212266402

3D View 1ot
Contours Pressurs [psi] Detormation Pressure [psi] Pressure Distribution gz
uiput Set oL M= 00012 Max = 00038
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ARMD™ V6.2 — TILTBR Module

Multiple Cases / Parametric Evaluation : Multiple case bearing performance evaluation can be
performed as a function of any combination of user defined operating conditions of Clearance,
Speed, Load, Viscosity, Flow Rate, Temperatures, Pressure, feed orifices, etc.

Parametric
O Post-Processor E

evaluation of
Description

bearin
g Sample Problem & - 5 Pad Tilting Pad Joumnal Bearing.

perform anceis High Speed Test Rig Support Bearings.
Pad Pivot Stiffness NOT Included.

accomplished

effl Cl ently' Diameter 35 Pad Angle &0.0 # of Pivot Clearances 50
Axial Length 25 Qrientation Angle 0.0 Viscosity 1.000000e-06
Radial Clearance 0.004 Fotational Speed 20000.0 Full Matrix ]

Single Case | Muttiple Cases | Lubricant Properties

Expand button if # Run

pressed will expand the "
window to the full width , N
f th ind Radial Preload Load Speed Load Angle Groove Angle Orientation
of the parent window Clearance Angle
which provides a quick
view of all the columns roo 0.004 04 50000 2700 00 300
for efficient data entry 2 0.004 04 5000.0 19000.0 | 2700 0.0 90.0
and modifications. 3 0.004 04 50000 [JEEREE] 2700 00 %00
4 0.004 04 5000.0 17000.0 | 2700 0.0 50.0
5 0.004 04 s000.0 [REE] 2700 0.0 90.0
Restore \\/4 # Run
Use
Lube Number of Orfice
] Preload Load Speed loadnge  Groove fnge  grizton Mo of vazeaty e e e e T, FowRae poupely Fow Tpe i per =2 Dechage
Contert
1 0.004 | 04] 50000 200000 2700 00| s00] 5] O | 00] 00| 00| 1200 00| 200 [Pressurzed [ v] 1] e 00
3 0.004 04 50000 18000.0 2700 oo %00 5 O oo 00 00 1200 oo 20.0 |Pressurized w 1 o118 00
4 0.004 04 5000.0 17000.0 2700 00 9500 5 O 00 00 0.0 1200 00 20.0 | Pressunzed v 1 0118 0.0
5 0.004 04 50000 16000.0 2700 oo 500 5 O oo 00 0o 1200 oo 20.0 |Pressurized hd 1 [IARE] 0o
6 0.004 04 50000 15000.0 2700 oo %00 5 O oo 00 00 1200 oo 20.0 |Pressurized w 1 o118 00
7 0.004 04 5000.0 14000.0 2700 00 9500 5 O 00 00 0.0 1200 00 20.0 | Pressunzed v 1 0118 0.0
8 0.004 04 50000 13000.0 2700 oo 500 5 O oo 00 0o 1200 oo 20.0 |Pressurized hd 1 [IARE] 0o
9 0.004 04 50000 12000.0 2700 oo %00 5 O oo 00 00 1200 oo 20.0 |Pressurized w 1 o118 00
10 0.004 04 5000.0 11000.0 2700 00 9500 5 O 00 00 0.0 1200 00 20.0 | Pressunzed v 1 0118 0.0
1n 0.004 04 50000 10000.0 2700 oo 500 5 O oo 00 0o 1200 oo 20.0 |Pressurized hd 1 [IARE] 0o
[ m—y =
TITBR-6.TPO X
Case  Preload Viscosity Heat Content Temperature @ . .
Funber  Fatio IEFSEC/N'? BTU/GDeg P Film (Peg ) Multiple case bearing performance results are
= — —inpit— o imput—— ———input-—— —-——inpui———
1 0 400 0 DODOE+DD 0. 0000E+00 1 44D0E+02 ; ; ; ;
z o 100 0 000DEL00  0.0000E:DD 1 4400Er02 automatically displayed in text format as illustrated below.
3 0400 0.0000E+DD  D.0000E+00  1.44D0E+02 . .- .
. i ZF  0.0000ER00  0.00DOE+D0  1.4400E+02 The ARMD graphics utility can be used to display X-Y -
= TILTBR-6.TPO X
=| plots of any of the generated results.
— Case ECC  MimimunFilm Load (Lbf) ingle—to Pover—Loss 2 —
Humber Ratio Thick. (Inch) Capacity Eccentricity ({HP)
------ ™ Graph: Default =R(EER
; g gg% ; é gggggigg g ;ggggigg g Eggégt C:\Users\PubliciDocuments\ARMDS0\Project TILTBR-Project0 N TILTBR5.tpg
: : STIFFNESS as a function of SPEED
3 0841 49982E403  2.7000E+DZ  2.2589E+
4 0.645 5. 0019E+03 2.7000E+02 2. 10B5E+
5 0.648 4. 9952E+03 2.7000E+02 1.9573E+ 1.700
& 0 854 4 9985E+03 2 7000E+DZ  1.B063E+ i i SiTFIESS
7 0 .£53 5 O019E+D3  2.7000E+DZ  1.§564E+ 1.600 —— Kxy Stiffness
g 0666 49954E103 2 7000E+DZ  1.5060E+ 1500 —— Kyx Stiffness
9 0.684 5.0029E+03 2.7000E+02 1.3160E+ K yy Stiffness|
10 0.694 5. 0015E+03 2.7000E+02 1.1724E+ 1.400
~TILTBR-6.TPO 1.300
1.200
Cass Supply-0il Lub. Film Filn—Viscos Groove Max
¥unber Temp (Deg F) Temp.(Deg.F) LBF-SEC/TN"2 Tenp.(Deg F) Temp. ( 1100
1 1. 2000E+D2 1.0175E-06  1.6576E+0z  1.86] 7100
z 1.1999E+02 1.0582E-06 1 631BE+0DZ  1.83 W00
3 1.2000E+02 1.1019E-06 1.6058E+02 1.80 5
4 1.1999E+02 1.1486E-06 1.5796E+02 1.78 20800
5 1.1399E+02 1/1389E-Dg  1.8533E+D2 1.75] Eozn
6 1 1399E+02 102628606 1.5263E«D2 1.72] 2
7 1.2000E+02 1.3101E-06 1.5006E+02 1.69 0.600
8 1 2000E+02 1.3724E-06 1 4742E+02  1.66
] 1.1399E+02 1.3770E-06 1.4329E+02  1.70 0500
10 1 2000E+02 174433E-D6  1.4080E+D2 1.66 0400
11 1. 2000E+02 1/5149E-06  1.3832E+DZ 1.63
1z 1.1999E+02 1.5917E-06 1.3589E+02 1.60 0.300
13 1 2000E+02 1.6748E-06 1 3351E+D2 1.57 0,200
14 1 2001E+02 1.7634E-Dg  1.3121E+D2 1.53
i 1 2001E+02 1.8593E-06  1.2900E+02 1.50 0.100
16 1.2001E+02 1.9617E-06 1.2691E+02 1.46 0,000
17 1.2000E+02 2.0725E-06 1.2496E+02 1.42
12 1 2001E+12 2.1302E-05  1.2323E+02  1.38 o200 Spoed (REM) (E408) 1200 200
ia 1 2001E+02 2/3174E-Dg  1.2175E+D2  1.34
I 20 1 2001E+02 204597E-06  1.2062E+DZ  1.30
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ARMD

2-D Graphics Utility (ARMDGraph)

Version 6.2 for Windows

Advanced Rotating Machinery Dynamics

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

ARMD solvers.

i) Workspace Configuration: Chart(1 &
The workspace ; - - =R EoE =
= Graphs Set Lines | Details | Line Defaults | Annotations | Line Markers
1 1 i (= Graph - Default
Conflgu ratlon = thaﬂs File Contents Chart Type line v
form consists g Units _ Spesd (RFM)
= Pl Tiles - TaperedLand3Pads psg 51 A X fuds
of two paneIS. - (1) TaperedLand3Pads.psg Sl - Eceertricity Ratio Unit  Speed (RPM)
- By Load
The left panel e Speed (RPH)
contains a tree - Jounal Surface Velocity ¥ Lines
view of the g Units mm
graphs’ ChartS, ® Eccentricity| Line File:
. - At Angle Clearance {1) TapersdLand3Pad. ..
and graphic i EEWE"SL:SS Min. Fim (1) TaperedLand3Pad. . +
. ear-Stress - .
Output f|IeS . Eccentricity {1) TaperedLand3Pad. ..
. Reynalds Number *
The right panel - Max. Pressure
. - Supphy Pressure
ContaInS a” - Groove Pressure -
-5 Fl
chart and graph el y
settlngs ar Add File K Delete File
|l Save Workspace [] Use Current Files .
& | Replace File
j Open \Workspace il 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 (hot keys) for accessing menu items and switching between charts.

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

Templates for automatic configuration of graphs.

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

VV VYV V VY VVYVYVYVYYVYVY

e Log, semi-log or linear axis scaling.

e Grid lines (ON or OFF).

e Draw curves with lines, symbols or both.

e Automatic or manual axis scaling.

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

e Macro strings for flexible title assignment.

RBTS, Inc., 1041 West Bridge Street, Phoenixville, PA 19460, USA ® Tel:610-415-0412 ® info@rbts.com ® www.rbts.com
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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.
H H 7
1- Open g raph|c3 data file. ; {74 Select a Graph Template _é 5
File | Eccentricity Ratio vs Bearing Load
Power Loss vs Bearing Load

L= OpenFile » |5 Graphics Output File  Ctrl+O
] New Workspace Ctrl+N l;y Warkspace Ctrl+Shift+ O Si:’:T:;nkagrE:ffl:i;ﬁow irslngear;g Load Double CI |Ck
|l SaveWorkspace  Ctrl+S ggyy?s %.Zaal'lllr;gg LL:E;% an entry.
Id  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
4r  Append Workspace % ]

Close Workspace

Recent Workspaces [ 0K J [ Cancel

Recent Output Files »

—

B et
— 2- Files with no templates. —>
3- Configure Workspace.
il ‘Workspace Configuration: Chart(1) E@
4_ P ress ) smGpns o Set Lines | Detaik | Line Defauits | Annotations | Line Markers
| & Greph - Defaui
H Ch y
“Show/Update | e B e
& Output Fles 1 TaperedLand3Pads psg I o X Aol
’ (1) TaperedLand3Pads psg SI Eccentricty Ratio Unit  Speed (RPM)
G rap h S b u ttO n S:g;idm:;m’e = | [Specd (RPM) 2
. Speed (RPV)]
to display the b= e ey o
Min. Fim
Eccenirciy Line Fle
chart/graph e
. ower-Loss Min. Fil (1) TaperedLand3Pad *
Win d OW. g::r’::::sNumhe( = E:::erlt:‘:rtv H)T:::Zd\_a:dm’:d
Reyrolds Number x
Max. Pressure
Supply Pressure
Groove Pressure -
Supply Flow
Excess Fow v
& AddFile % Delete File
el Seve Vorkspace | [] Use Current Files
| Replace File
(51 Open Workspace | ] ShowlUpdate Graphs
(o Graph: Default =N o=
C:\Users\PubliciDocuments!ARMD60\ProjectiJURNBR-Project01\TaperedLand 3Pads.psg
MINIMUM FILM-THICKNESS, JOURNAL ECCENTRICITY & CLEARANCE VS. SPEED
0.250 ki Clearance
=—f— Min._ Film
—+=— Eccentricity
1]
0.200
0.150
g
i =1
£ o
E u
:
0.100 o
el
=
=
= =
S
= £
o
0.050 &
0
- '__"“——_‘(__—_ﬂ____,
=}
=
=
=
0.000
0.000 0.200 0.400 0.600 0.800 1.000 1.200
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 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

X RBTS, Inc.
© ARMD Resellers

L.

compressor for an air conditioner, a pump for an artificial heart, a fuel RBTS' software has gained international

pump for a jet engine, an electric motor and spindle for a miniature reputation for its:

computer hard disk, a canned pump for petrochemical processing . _ . .

plant, synchronous motor driven drive-trains, and a gear box for a ¢+ Technical Capabilities ¢ User Frlendllne_ss
uranium enrichment plant to name a few. + 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

-~

s

>

a A

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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