ORBIS

Modern Rolling-Element Bearing Analysis Software

USER’S MANUAL

(Updated for Version 2.2)

Copyright© 2009 - 2012 Halpin Engineering, LLC. All rights reserved.



Table of Contents

1.0  Getting Started 4
1.1 System REQUITEIMENLS .......eccuieriieiieiieeieeieesieeseesteereereeseeseesseessaesssessseesseessaessaesssessseessensseesseensns 4
1.2 End User LiCenSe AGIEEMENL . .......couiriiiiiieitieitieetieete ettt ettt e stte st e st esbeesbeesatesntesabeembeebeenseennes 4
1.3 Installation INSTIUCLIONS .....cc.eeitiiiiiiiieiiee ettt et ettt et s e et eb e b e es 4
1.4 Java Runtime ENVITONIMENT ......cc.ooiiiiiiiiiieiieieierice ettt sttt et s eesaeeneens 4

2.0  User Interface w5
2.1 Main Graphical INTEITACE. ........cccviiiiiiieiie ettt e e e e s b e e saveessveeeeaeesereeanes 5

2,11 SYSEEIM INPULS .ottt ettt b e st st et e e bt e bt e sae e e ateeabeebe e b ens 5
2.1.2  Dynamic ANalySis INPULS ....c.coviiviiiiiiiiciieiese ettt se e e e e snaesenessseesseesseeens 6
2.1.3  SYSEEIM DISPIAY . ettt ettt ettt ettt e be b as 7
2.1.4  Bearing ROW INPULS.......ooiiiiiie ettt ettt sttt e 8
2.1.5  Input Field DESCIIPLION ....ccvviiriiiiieiieeieeieeeiesre et eteesteeseeessbeessa e raesseessnessnessseesseesseessns 8
2.1.0  USEI MEIUS ..euviiiiiiiieieeteet ettt st sttt et e b e s bt sat e st et e s bt e satesateeateebeebeene 9
2.2 Database EdItOrS.......ccuieiieiieiieiieitesie ettt ettt ettt ettt et ettt et e bt bt st e et e te e beesreesaeeenneeas 10
2.2.1  Bearing Database EdItOr.........cccevieiiiiiiiiiieiicrie ettt et saesvesveesreesraesreesnnessneans 10
2.2.2  Material Database EditOr.........ccoiiiiiiiieiee e e e 12
2.2.3  Lubricant Database Editor.........cccceiiiiiiiiiiiiiiiieieeeee ettt 12
2.3 Analysis Results WINAOW.......c.ooouiiiiiiiiiiieiieeeseese ettt sttt et e saee e 13
2.4 SENSILIVILY STUAICS ..eecviiiiiiiieiieiiesee st ste et ereesteesteeseeseaesbeesbeesseessaesseessaesssessseesseessaessessssenssenns 14
2.4.1  Sensitivity Studies - P1ot WINAOWS........cccoeiiiiiiiiiiiieeiieeeeeeeete ettt 15
2.5 TOlerance SUAIES .......c.ceouiiiiieiieiieierte ettt ettt ettt stt ettt et et e bt e sbeesatesateenteebeesseesaeeenneeas 16
2.6 SYStEIM PrefereNCES. ....uviievieiieiiciiecie ettt ettt s e et este e s taestbesabeesbeebaesraeseeesnneans 17

3.0 Technical Background 18
3.1 CONVEIZENCE CIILETIA. ¢ .eeueitiriieiiitieierteeite ettt ettt et st e et b e et e e sb et e st sbtenbesbeeneenbeeaeen 19

4.0  Output Descriptions 20
O O 110101 o2 1 10 (] 1) ¢ PSR 20
4.2 External APplied LOads.......ccoeviiiieiiiiiieieeieeee ettt ettt ettt sttt an 20
4.3 Ball CroSSiNg ANZIES ......ooueiieriiiiiiierieeieie ettt ettt ettt ettt b ettt et sbe b sbeese et sbe e 20
4.4 INETNAL CIBATATICES ... .eeueeeieeietieeieie et ete ettt e et ate e et e e et e e teesteeeeseentesseeneeeeeneenseeseeneenseeneenes 20
4.5  Bearing RiNG PrOPETItiESs ......ceevuiiiieiieeiieieeieette sttt ettt ettt e st et ste et et e st e steesneesneeeneeas 20
4.6 Preload DAta .......occueiieiiieiieeceeee ettt et e e aa e e tb e e eteeeareeeaaeeens 21
4.7 Reaction Forces on Shaft..........ooooiiioiie e 21
4.8  Inner Ring DiSPIlaCCmENtS ........c.cccveiiieerieiieieiieeiteste e ereereesreesteeseaesereesbeessessseesseesssesssesssesssees 21
4.9 SHITNESS OULPUL ..ottt ettt ettt bbbt ettt et et sbe b e sbeebeebesbeenee 21

4.9.1  AXIAL S NESS ...eviiiiie e e et e e e ta e e abee e raeeeareaan 21
4.9.2  SyStEM JACODIAN .....ccvviiiiieiieiiesiieste et ettt et et e staeseaeesbeesbeesbeestaesssessseasseesseesssesssenssensseasses 22
4.9.3  ROW SHITNESS MALTIX .eouvitiiiieiieiieeeteetee ettt ettt ettt st 22
4.10 FatiGUE LT cciieiieiie ettt st ettt e st e st e st e et ese e seessaeenteenseenneas 22
4.11 BeariNg TOTGUE ....eecviieiiieciie ettt e te et e et e e st e e estaeessbeeestaeesssaeessaeessseeensaeensseeanseeensses 22
4.12 Row Outputs (Element-WiSe TeSUILS) ......cceevrieriieiiiiiiiiiiieesteesteesteesreeereereeveesieessnesneesveennes 22
4.12.1  Element NUIMDET .....ooiiiiiiiiiiiieteeeete ettt ettt ettt e e 22
4.12.2  Normal Ball LOad........cciiieieeeeeeee ettt ettt et e et e e e enes 23
4.12.3  CONACT ANEIC....iiitiiiiiieiieiieieeete ettt ettt et e teestaeetaeetbeebeesbeestaestsessseesseessaessesssessseesseansees 23
4.12.4  Mean HErtZ SIIESS ..c..eeriiiiiiiieiieeiteee ettt ettt ettt ettt ne e s st ene s 23
4.12.5 Truncated LenGth ........ccoeiiiiiiiiieiiece ettt ettt ettt e sttt s saeeneeenneeneees 23
4.12.6  EIlIPSE SCMI MaAJOT.....ccciiiiieiieciieciiecteete et et esteestaestaeereebeesbeestaesesessseesseesseessaesssesssesssesnses 23
4.12.7  EIlPSE SEMI MINOT ....oouiiiiieiieriiesie ettt ettt e seteseaeeteeteesbeestaessaesssesnseenseenseenseesssesssesnsens 23
4.12.8  Max Sub-Surf SREAT.......co.eiiiiiiiie et 23
4.12.9  Max Shear DEPth........ccouiiiiiiiiiiieciecc ettt ettt ettt e b et e e te e tb e tbeerreenres 23

Copyright© 2009 - 2012 Halpin Engineering, LLC.

All rights reserved.



4.12.10  Upper Ed@e LOCAtION ......cocuiiitiiiiieeieeieeie ettt ettt ettt ettt sat et st eeeeeneean 23

41211 Lower EAZe LOCALION .....eccvieiieriieeiieiieieeitesieestesteeteeteesteesteessaessseessaessaessesssesssenssesssens 23
4.12.12  Contact Normal APProOach........cceecvieevieiiiriiiriieiiesie ettt eseesee e sre e esseessaessaessseesseensens 24
4.12.13  Contact Normal StIfNess......c.ceiiiriiiiieiieie ettt 24
4.12.14  SPINNING VEIOCIEY ..eeuiiiniieiieitieeiieee ettt ettt ettt b e st e et e et e bt e bt e beesaeeeaeeeneean 24
4.12.15  ROIING VEIOCILY ..vviieiieiieiiesiiesiesie et eiteteesitestteseseesbeesbaessaesseesssesssesnseessaesssesssesssenssennses 24
4.12.16  SPINNING TOIQUE ....eoiiieiiieiteitieete ettt ettt et sb e sb e st e et et e bt e bt e sbeesaeeeneeeneean 24
4.12.17  ROIING TOTGUE. ettt ettt ettt et e b e s b e s st e st e et e e bt e bt e sbeesneeeneeeneean 24
4.12.18  Element ROII VEIOCILY .....ccveviierieriieiieiieiiesiteste e eieeieesteesteeseaessseesseessaessaesssesssesssesnsens 24
4.12.19  PitCh Orbit VEIOCILY....ecovieiieriieriesiieiieieeitesteste ettt eteesteestaessaessbeesseessaessaesssesssessseensens 24
4.12.20 Minimum Film Height........cooooiiii et 24
4.12.21  Minimum Lambda ValUe.........ccccooiiiiiiiiiieee e 24
4.12.22  Centrifugal FOTCE......cuviiiiiieriesie sttt ettt sre et steesteeseeessbeesseessaessaessaesssessseensens 25
4.12.23  GYTOSCOPIC MOIMENL .....tiiiiieiieiiieeiie ettt et et e sttesateeteebe e bt e sttesatesabeebeebeesstesseesneesnseenseas 25
5.0 References 26

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 7.
Figure 6.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.

Table of Figures

Main Graphical INTETTACE........coouiiiiiiiiiii ettt ettt et 5
SYSTEIM INPULS ..ottt ettt ettt e st e e bt e e st e e bt e e sateesbeeesabee s 6
Dynamic ANalySiS INPULS.......cccieriiiieeiieiietieeesteste st ete et esteesteestaestaeeebeesseesseesaessaesssessseessens 7
SYSTEIM DISPIAY .veivvieiieeiieriieriee ettt te st eeae e e e teesteestbessbeasseesseessaesseessseesseessaesseesssensseans 7
Bearing ROW INPULS .......oiiiiiieieeee ettt sttt et ettt sbe e et e s ateenteeneeas 8
USET IMIBTIU'S ...ttt ettt ettt ettt s bt sat e et e e bt e sbeesbeesate st e eabeebeenee 9
INPULt Field DESCIIPLON......ccciiiciieiiieciiectieteeieeees e ste st e ebeereeste e s e e staeseseesseesseesseessaesssesssessseesses 9
Database EdItOrS........oeiiieriieiieiieeie ettt ettt ettt ettt et e s bt e sat e et e ete e teesaeeenneeas 10
Bearing Database INPULS........cooiiiiieiieiieteie ettt sttt ettt et s teeteesteesaeesnneeas 11
Material Database INPULS ........ccvevieiiiiiieiieierterte ettt e sre b e ssbeesbe e be e eaesebesssessseessens 12
Lubricant Database INPULS .......c.ceciiriiiiiiiieieeere ettt st sttt st st eneeeneees 13
RESULIES WINAOW ....coiiiiieiie ettt ettt ettt s e st e ettt e saeesatesnteenseennean 14
Sensitivity StUdIEs DIalO@ ....ccveeviiiiiiieiieieciece ettt sb e b b e reesaaeeene e 15
PLOt WANAOWS ..ttt ettt ettt et et e es e e e e s e eneeseeneeseeneeneas 16
Tolerance Studies DIAlog........ccouiiiiiiriiiiiieiee ettt 17
SYStEM PrEfeIEICES ... eetiiiiiieiiieiiiete ettt sttt ettt 18
Bearing NOMENCIALUIE .........c.eeiieiieeiicieetieeereesee et e ere e eteesteestaeseresebeesseessaessaesssesssessseessens 21

Table of Tables

Table 1. Solver COnVErZence CIIteITa.........ccverriereerierieeieerieesieeseestesteeseeseesseesssesssesseeseesseesseesseesseans 19

Copyright© 2009 - 2012 Halpin Engineering, LLC. All rights reserved.


file:///C:\Documents%20and%20Settings\Jake\My%20Documents\Halpin%20Engineering%20LLC\Manuals%20&%20Brochures\Orbis%20User%20Manual\User%20Manual%20Ver%202p2%20Rev%20---.docx%23_Toc315077593
file:///C:\Documents%20and%20Settings\Jake\My%20Documents\Halpin%20Engineering%20LLC\Manuals%20&%20Brochures\Orbis%20User%20Manual\User%20Manual%20Ver%202p2%20Rev%20---.docx%23_Toc315077594

Halpin Phone: (310) 650-8982
Engineering, Email: info@HalpinEngineeringLLC.com

LLC Web: http://www.HalpinEngineeringLLC.com

1.0 Getting Started

1.1 System Requirements
The following minimum system requirements are needed to run ORBIS.

e  Windows 7/Vista/Windows XP/Windows 2000/Windows 2003/Windows 2008 Server
e Display monitor with minimum resolution of 1024 by 768 pixels

e 128 MB of free disk space

e 256 MB RAM

e Available USB port

e Java 6.0 or greater (see below for more details)

1.2 End User License Agreement

You must accept the terms and conditions specified in the End User License Agreement before installing
and using ORBIS. The agreement is provided during the installation routine and is also located within the
ORBIS folder on the CD.

1.3 Installation Instructions
Run the automated installer steps below to complete installation.

1. Insert the installation CD and navigate to your CD directory.
2. Double click the Setup.exe

3. Follow installer instructions to complete installation.

1.4 Java Runtime Environment

In order for the software to run properly, the host computer must have Java Runtime Environment (JRE)
version 6.0 or greater installed. The JRE is an industry standard and will generally already be installed on
most modern computers. If your computer does not have JRE 6.0 or greater already installed you may
install the version included from the installation directory or download the latest version from the
Sun/Oracle website (www.oracle.com). To install the version included from the ORBIS CD follow these
steps.

1. Open the Java folder on the CD (\\ORBIS\Java\)

2. Double click jre-6uXX-windows-i586-s.exe to install on Windows platforms (Windows 7, Vista,
Windows XP, Windows 2000, Windows 2003, and Windows 2008 Server). Note: the ‘XX’ in
the filename denotes the particular update to the JRE Version 6.

Copyright© 2009 - 2012 Halpin Engineering, LLC. All rights reserved. 4 of 26
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2.0 User Interface

2.1

Main Graphical Interface

The main graphical interface allows the user to define their bearing system and perform analysis runs.
See subsequent sections (2.1.X) for detailed information about each input within the main graphical
interface. Once all necessary inputs have been entered the user selects the Analyze button to perform
their analysis. A new window will appear containing the analysis results. See section 2.3 for a
description on the Results window and section 4.0 for a detailed description on each output parameter.

E]DRBIS - Bearing Analysis Software
File Tools Help

=loix|

Fx(bf [ 100
Fy(bf [ 300
Fz(bfi [ 300
Fyy (nlbfy | 1200
Faz (in-lbfy | 1200

Sample Bearing

A

S

‘ v

e Lo

System ‘ ] —- -
Y Load Location {in: | © 2 el S
Inputs Shaft Temperature (F) | 68 ‘ Load Point ‘ atabase Ediors
B
( 2.1.1 ) Housing Temperature (F): 68 ‘ ﬂl
Allowable Mean Hertzian Stress (psil: | 3.3525 % ‘ % Materials
Lubricants
0o 1.0 20
shaft Material: |Aluminum 6051 -
Housing Material: [aluminum 6061 -l Defie Total # o Bearing Rows: [z < |
Lubricant: |Pennzane_z0014 'I Row 1 Rowe | | | |
Contact Angls Preload Condition | | Row Parameters
™ < Divergent  Un-Maunked Eeating: [Sample Bearing -
& » Convergent £ Maunted Row Location ([T
[¥ Perfarm Dynamic Analysis Preload Type LR Ftup iy | 00013
& Rigd ¢ Spring Q.R. Fitup (in): | -.0002
@ shaftRotates | (% Load fixed ko shaft ShaRt 0. (| 175
. " Housing Rotates
Dynamic " Load fixed to housing LR, Clamp Load 06 [ 1000 e EEm
B O.R. Clamp Load (bf): | 1200 -
Analysis elociy (rom): | 600 PleEiy Row Prelosd (b6): [ -L20
Inputs Relisbity: | 055 Spring Rate {lbffin: Coeff of Friction, Ball Contact: | 075
(2.1_2) Life Factors | 3.6
Analyze | Exit |

Figure 1. Main Graphical Interface

2.1.1 System Inputs

System
Display
(2.1.3)

Bearing Row
Inputs
(2.1.4)

Input Field
Description
(2.1.5)

The System Inputs area is where external loading and system material definitions are defined. See the
following figure for detailed descriptions of each input field.

Copyright© 2009 - 2012 Halpin Engineering, LLC. All rights reserved.
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Fe (lbF: I_GT

Fy lbf): I_QT

Felof | (3)

Pyl [ (4)

Fzz (in-Ibf): ,_@

Load Lacation §in): ,—@T

Shaft Temperature (F):

Housing Temperature (F):

Allowable Mean Hertzian Stress (psi): @

Shofe Hoteril
Housing Material: : -
Lubricart: : -

# Title Description

1 Fx (Ibf) External axial load component (positive is toward the right)

2 Fy (Ibf) External radial load component (positive is upwards)

3 Fz (Ibf) External radial load component (positive is out of the page)

4 Fyy (in-1bf) External moment about the Y-Axis

5 Fzz (in-Ibf) External moment about the Z-Axis

6 Load Location (in) Location of external load point (along X-Axis)

7 Shaft Temperature (F) Bulk temperature of the shaft

8 Housing Temperature (F) Bulk temperature of the housing

9 Allowable Mean Hertzian Allows user to specify an allowable contact stress. All elements with contact stress above the specified
Stress (psi) allowable will be highlighted in the output file.

10 Shaft Material Allows user to assign shaft material from the material database

11 Housing Material Allows user to assign housing material from the material database

12 Lubricant Allows user to assign lubricant to all bearing rows from the lubricant database

Figure 2. System Inputs

2.1.2 Dynamic Analysis Inputs

ORBIS offers both static and dynamic analysis modes. See the following figure for detailed descriptions
of the available options. Dynamic analysis mode provides additional user output parameters (such as
torque, fatigue life, film parameters, centrifugal and gyroscopic forces, etcetera).

Copyright© 2009 - 2012 Halpin Engineering, LLC. All rights reserved. 6 of 26
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[ Perform Dynamic Analysis

o Sha@ates @ Load @tn shaft

€ Hou otates | ¢ | ad fixed to housing
Welocity (rpm): ’@

Reliability: :
Life Fackor: :
# Title Description
1 Dynamic Analysis Checkbox Selection of this checkbox activates the dynamic analysis inputs. Default is un-checked.
2 Rotational Member Radio buttons allow user to specify either ‘shaft rotates’ or *housing rotates.’
3 Loaded Member Radio buttons allow user to specify whether load is fixed relative to the shaft or housing.
4 Velocity (rmp) Defines the rotational velocity, in RPM, of the rotational member
- Defines the reliability for fatigue life. Valid inputs are between 0 and 1, exclusive. Default is 0.9 (L10
5 Reliability .
equivalent).
Allows user to specify an overall combined life adjustment factor. ORBIS will compute reliability and
6 Life Factor lubricant regime adjustment factors, however other factors such as material and operating environment

must included here.

2.1.3 System Display

The system display area provides a proportional sketch of the user defined system. See the following
figure for a detailed description of the information provided in the system display panel. It is
recommended that the user review the system sketch just prior to selecting the analyze button to ensure

Figure 3. Dynamic Analysis Inputs

their setup is correct.

1 ) sample Bearing

Sample Beating

«

\@

2 Relative
Load Point

Database Editors

i
\

@1‘0

€))

Sketch — Bearing Name

# Title Description

Displays the name of each bearing row defined in the system.

Sketch — Bearing Orientation

Bearing is shown with defined contact angle.

Sketch — Row location

Axial location (x-axis) of each bearing row is shown. Left-most bearing or load point will be normalized to

zero position.

Sketch — Coordinate System

Coordinate system shown at relative load point.

Sketch — Load location

Axial location (along x-axis) of load application point shown.

Button — Sketch

Button refreshes the sketch window with current user-defined inputs.

Button — Bearings

Button opens the Bearing Database dialog window.

Button — Materials

Button opens the Material Database dialog window.

1
2
3
4
5
6
7
8
9

Button - Lubricants

Button opens the Lubricant Database dialog window.

Figure 4. System Display
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2.1.4 Bearing Row Inputs

The Bearing Row Input area is where the user defines necessary inputs for each bearing row in the
system. See the following figure for a detailed description of each input type.

Deefine Total # of Bearing Rows: |1 - I

Row 1| e 2| o ) e | e |
@ Contact Angle @ Preload Condition

&+ i Divergent; + Un-Mounted
= Conwergent = Mounted

@ Preload Type

(+ Rigid " Spring

Row Parameters

Beating: m
Row Location (in):

LR, Fitup {in): l@

LR, Fitup {ind: @

Shaft LD, {in): ,@T

I.R. Clamp Load {Ibf}: I :
3.k, Clamp Load {Jbf): I :
Spring Rate (IbFfin): I .

Housing .0 (in): .
Row Preload ([bFi: : :
Coeff of Friction, Ball Contact: .

# Title Description

Drop-down selection allows up to 5 bearing rows to be specified. Row tabs (see #2) will be activated
based on number of bearing rows selected here.

Row tabs are activated based on the number of bearing rows selected. Selecting an active tab allows the
user to define parameters for that row.

Contact angle definition for active row. A divergent contact angle extends away from, or diverges, from
the spin axis as you traverse in the positive direction along the x-axis.

Specification for type of preloading. Options are rigid or spring. Rigid preloading activates input fields for
inner and outer ring clamping forces. Spring preloading activates inputs for the spring rate.

Specifies the condition at which the specified preload is defined. Un-mounted conditions means the rings
are radially free at the specified preload. Mounted conditions apply the preload force based on the
mounted fit-up conditions, which include changes to internal clearance from interference fitting and ring
clamping.

Input field for the inner ring clamp load. Only active for rigid preload type.

Input field for the outer ring clamp load. Only active for rigid preload type.

Input field for the preload spring stiffness. Only active for spring preload type.

Drop-down selection to assign the bearing for the active row. The drop-down menu will contain all
bearings defined in the user defined bearing database.

Input field for the axial location (along x-axis) of the active bearing row.

Input field for the inner ring fitup to the shaft. Fitup is defined as the difference in the shaft O.D. to the
free bearing 1.D. A positive value indicates interference fits.

Input field for the outer ring fitup to the housing. Fitup is defined as the difference in the free bearing
0.D. and the housing I.D. A positive value indicates interference fits.

Specifies the 1.D. of a hollow shaft. For non-constant shaft wall thicknesses use the appropriate shaft I.D.
at the bearing row location. For a solid shaft input a zero value.

Specifies the O.D. of the housing. For non-constant housing wall thicknesses use the appropriate housing
0.D. at the bearing row location.

Specifies the preload force applied to the active bearing row. Preload forces are directional and must
include the appropriate sign convention. To preload a bearing through its contact angle, standard
preloading, specify a positive preload for divergent contact angles and a negative preload for convergent
contact angles.

Specifies the rolling contact friction coefficient for the active bearing row.

1 # Bearing Rows

2 Row Tabs

3 Contact Angle

4 Preload Type

5 Preload Condition

I.R. Clamp Load (Ibf)
O.R. Clamp Load (Ibf)
Spring Rate (Ibf/in)

O ([N

Bearing

10 Row Location (in)

11 LR Fitup (in)

12 O.R. Fitup (in)

13 Shaft L.D. (in)

14 Housing O.D. (in)

15 Row Preload (Ibf)

16 Coeff of Friction, Ball Contact

Figure 5. Bearing Row Inputs

2.1.5 Input Field Description

The input field description area provides helpful information to the user for all input fields. When the
user places their cursor in one of the input fields (done by clicking the mouse in a field or pressing the tab

Copyright© 2009 - 2012 Halpin Engineering, LLC. All rights reserved. 8 0f 26
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button to advance to the next input field) a description about that field appears in the Input Field
description area. The following figure illustrates this.

Cursor placed in field

¥ Pesform Dynamic Analysis Preload Type

& rigd  C Spri O.R. Fitup (in): |

Shaft 1.0, (in): |
Housing ©.0. (in):
Velodky (pm): | O.R. Clamp Load (IbF): Row Preload (Ibf):

T e Spring Rate (b/in): [ Coeff of Friction, Ball Contact: |

Life Factor: |

et

Analyze | Exit ]

(v Shaft Rotates (¥ Load fixed to shaft
" HousingRotates | ¢~ | pad fixed bo housing LR. Clamp Load (lbF,

Figure 6. Input Field Description

2.1.6 User Menus

User menus are available within the main graphical interface. See the following figure for a detailed
description of the available menu options.

DDRBIS - Bearing Analys [FJorsIS - Bearing Analysis Software

@lﬁ Tonls  Help @[ Tools Help
Cpen Chrl+0 j —@ Batch Process Load Cases Ctrl+B ]
Save Chrl45 (4 Sensitivity Studies Ctrl+S [
Save As... (5) Tolerance Studies Ctrl+T r
Exit Chrl+E (&) System Preferences 'r
.

= AUy

# Title Description

The file menu provides standard file options such as Open, Save, Save As and Exit. ORBIS maintains its

1 File Menu own file type that allows the user to save their bearing analysis setup. All parameters within the main
graphical interface are preserved.
2 Tools Menu The tools menu provides advanced analysis utilities.
Selecting this utility allows the user to load a pre-configured comma delimited file with an unlimited number
3 Batch Process Load Cases of load cases. Each load case is applied to the current defined bearing system and the results are saved to

separate results files.

Selecting this utility launches the Sensitivity Studies window. See section 2.4 for a detailed explanation of
the powerful capabilities of this utility.

Selecting this utility launches the Tolerance Analysis window. See section 2.5 for a detailed explanation of
the powerful capabilities of this utility.

Selecting this utility launches the System Preferences window. See section 2.6 for a detailed explanation of
the powerful capabilities of this utility.

4 Sensitivity Studies

5 Tolerance Studies

6 System Preferences

Figure 7. User Menu's
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2.2 Database Editors

Database editors allow the user to view, modify, add and delete bearing, material, and lubricant database
entries. The database editors are accessed from the buttons within the System Display area (see section

2.1.3).

Orbis uses bearing, material and lubricant databases to define the majority of input parameters required to
perform a bearing analysis. Once the user has defined their database entries they simply assign them to
their analysis via drop-down menus.

[Bearing Database Editor

"Bearing Prope

Bearing Name: [Sample Bearing

Faling

Pitch Diameter (in): | 2,400

Fres Contact Angle (deg): | 25
Element Diameter (in): | 2500
Mumber of Elements: | 23

RIS Roughness (Meroinch): [ 5

Trnar

Tnner Diameter (in}; | 1.9685

LR width(n): | 5

Raceway Crvature: | 53
LandHeight hidy: | 20
DamHeight {hjd): | .20

RMS Roughness (Microinch | 6

Outer Diameter (in); | 26346
oR.width{ny [ 5

Raceway Curvaturs: | 53

Land Height (hfd): [ 20

Dam Height (hjd): | .05

RMS Roughness (Mircoinch)s | 6

Material: [440C Stainless

|

Wiaterial; [440C Starless

|

Material: [440C Stairless

|

Edit Materials

Clear AllEntries Add To Database

Bearing D:

Viei[Edi Properies
Delete Entry

[(IMaterial Database Editor:

[FJLubricant Database Editor x|

-Material Praps

Material Name: | 440C Stainless

Young's Modulus (psi): | 297

Poisso'sRatio: | .25

Specific Density bmfin~3): [ 282

Coefficient of Thermal Expansion (infin-F: | s.67e6

Clear Ertries | add ToDetabase |

[ Lubricart Props

Lubricant Name: | Sample Lubricant
Atmospheric Viscosity (bf-secfin”2): 1.332e6
Fressure Cofficient of Viscosity (in2fibF): 1.62em4

NOTE: Atmospheric viscosity and the pressure coefficient of viscosity

values must pertain to the lubricant temperature

Clear Entries Add To Database

- Material Dx

iew Parameters

i|  Delete From Database
Close

Lubricant D

Delete From Database

Close

Uiew Parameters

Close

Figure 8. Database Editors

2.2.1 Bearing Database Editor

The Bearing Database Editor allows you to view, edit, add or delete bearing definitions to the bearing
database. See the following figure for a detailed description of the editor.
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[F)Bearing Database Editor x|
~Bearing Prop:
T ) - —
Relling E Inner Ring Quter Ring
Fitch Diameter (in): o Inner Diameter (in): o Guter Diameter fin):
Fres Contact Angle (deg): o LR. Width (in): o R Width (in): @
Element: Diameter {in): o Raceway Curvature: o Raceway Curvature: @
Murber of Elements: o Land Helght (hich: 0 Land Helght hich: 0
RMS Roughness (Microinch): o Dam Height (hid): @ Dam Height (hid): @
RMS Roughness (Micrainch): @ RMS Roughness (Mircoinch): @
Material: [440C stam. - Material: [440C Stairless =1 Material: [440C Stairless =1

Edit Materials .

21 )Clear allEntries | Add To Database ( 22

Bearing Databa

238 View|Edit Propertis| 24
Delets Entry
Cose .
# Title Descriptio
1 Bearing Name Specify a name for the bearing.
2 Pitch Diameter (in) Diameter that describes the rolling element centers (often the average between the bearing I.D. and 0.D.)
3 Free Contact Angle (deg) Contact angle of bearing with no external loading. Must be a positive value.
4 Element Diameter (in) Diameter of the ball.
5 Number of Elements Number of balls in a single bearing row.
6 RMS Roughness (Microinch) Surface roughness, RMS, of the ball.
7 Material Assign materials from Material Database to the rolling elements, inner ring and outer ring.
8 Inner Diameter (in) Bearing’s inner diameter.
9 I.R. Width (in) Width along the bearing axis of the inner ring.
10 Raceway Curvature Inner ring curvature, expressed as the ratio of the raceway radius to the ball diameter.
11 Land Height (h/d) Heig_ht of the land diameter express_ed as the ratio of the radial height to the ball diameter. The land is
specified as the shoulder that contains the loaded contact zone.
12 Dam Height (h/d) Heig_ht of the dam diameter e_xpressed as the ratio _fo the radial height to the ball diameter. The dam is
specified as the shoulder the is unloaded, or opposite the contact angle.
13 RMS Roughness (Microinch) Surface roughness, RMS, of the inner raceway.
14 Outer Diameter (in) Bearing’s outer diameter.
15 O.R. Width (in) Width along the bearing axis of the outer ring.
16 Raceway Curvature Inner ring curvature, expressed as the ratio of the raceway radius to the ball diameter.
17 Lana gt 1) e s s P61 0 te o dameter. The o
18 Dam Height (h/d) Heiqht of the dam diameter e'xpressed as the ratio fo the radial height to the ball diameter. The dam is
specified as the shoulder the is unloaded, or opposite the contact angle.
19 RMS Roughness (Microinch) Surface roughness, RMS, of the outer raceway.
20 Edit Materials Button Opens the Material Database Editor.
21 Clear All Entries Button Clears all current input field entries. This does NOT clear the database entries.
B e To Dt Buton e e e e e g e P, A varng
23 Database Entry This window provides all current bearing names with.in the databas'e. This window wiII_fiII up with multiple
columns of data as eventually become a scrollable window to provide all database entries.
24 View/Edit Properties Button g:aclinag (:)a;;t:sztteeigtimgstﬁzlif;ﬁ f‘{:lelT(rj“sn the database window, selecting this button will populate the
25 Delete Entry Button With a database entry selected, this button will permanently delete the entry from the database.
26  Close Button Closes the Bearing Database Editor.

Figure 9. Bearing Database Inputs
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2.2.2 Material Database Editor

The material database editor allows the user to define their own unique materials. See the following
figure for a detailed description of the material editor.

[]Material Database Editor x|

~Material Properti

IMaterial Wame: 44 less

*oung's Madulus (psi):

Poissan's Ratio:
Specific Density (bmfin~3): o
Coefficient of Thermal Expansion (injin-F): 6

(6 )Ceartriries | addToDatabase (7 )

[ Material Diakabia:

Delete From Database | 10

Close [ 11

# Title Description

1 Material Name Specify a name for the material.

2 Young’s Modulus (psi) Specifies Young’s Modulus for the material.

3 Poisson’s Ratio Specifies Poisson’s ratio for the material.

4 Specific Density (Ibm/in®) Specifies the specific density of the material.

5 gssgcslg;t (Ci’:];:ir':n;al Specifies the coefficient of thermal expansion for the material.
6 Clear Entries Button Clears all input entries (does NOT clear the database entries).
7 Add To Database Button Adds new entire to the Material Database.

8 Material Database Window Shows the current entries in the Material Database.

9 View Parameters Button Displays the parameters of a selected material database entry.
10 Delete From Database Button Deletes the selected database entry from the database.

11 Close Button Closes the Bearing Database Editor.

Figure 10. Material Database Inputs

2.2.3 Lubricant Database Editor

The lubricant database editor allows the user to define their own unique lubricants. See the following
figure for a detailed description of the lubricant editor.
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[JLubricant Database Editor x|
- Lubricant Properti
Lubricant Name: | Samp| icank

Atmospheric Wiscosity (Ibf-secfin™2): 1

Pressurs Cosffident of Viscosity (In~2/lbf); 1 : }

MOTE: Atmospheric viscosity and the pressure coefficient of viscosity
walues must pertain ko the lubricant temperature

4 | Clear Entries Add To Database [ 5

rLubricant Databas

6 -
|
7 View Parameters I Delete From Database G
I
Close ( 9
|
# Title Description
1 Lubricant Name Specify a name for the lubricant.
Atm9szpher|c Viscosity (Ibf- Specifies the viscosity of the lubricant.
sec/in)
Pressure Coefficient of . . . . -
3 Viscosity (in?/Ibf) Specifies the pressure coefficient of viscosity of the lubricant.
4 Clear Entries Button Clears all input entries (does NOT clear the database entries).
5 Add To Database Button Adds new entry to the Lubricant Database.
6 Lubricant Database Window Shows the current entries in the Lubricant Database.
7 View Parameters Button Displays the parameters of a selected lubricant database entry.
8 Delete From Database Button Deletes the selected database entry from the database.
9 Close Button Closes the Lubricant Database Editor.

Figure 11. Lubricant Database Inputs

2.3 Analysis Results Window

Professionally formatted analysis output is provided in a standalone window as shown in the following
figure. Refer to section 4.0 for a detailed description of all available output. Results are organized to
provide quick access and easy interpretation.

All results windows ‘float’, which enables the user to perform multiple analyses and compare them side-
by-side.
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[0 Analysis Results —|ol x|
1 ) Result Summary

Row 1 Paw 2 Raow 3 Raw 4 Raowt 5
Max Mean Stress (psi) 3,6539E05 3,8539E05
Max Truncation (%) 0.0000E00 0.0000E00
Mounted Preload (bF) 2.0000E02 -2.0000E02
Frickion Torque {in-ozf) 54518602 5.4318E02

@ Detailed Results

Bearing Torque
Description Row 1 Row 2 Row 3 Row 4 Row§
Friction Torque (in-ozFf): 8.4318E02  5.4318E02

Row 1 Output

Element Mormal Bal  Mormal Ball  Conbact Conkact Mean Hertz  MeanHertz  Truncated  Truncated

Murmber Load, I.R. Load, O.R.  Angle, 1.R.  Angle, O.R.  Stress, LR.  Stress, O.R. Length, I.R. Length, O.R.

(#) =13} (IbF) (deq) (deg) (psi) (psi) (%) (%)

1 6.6945E-16  6.6311E-16  2.2401E01 2.2401E01 3.0040E-01  2.9101E-01  0.0000E0D 0.0000E00
6.6945E-16  6.6311E-16  2.2416E01 2.2418E01 3.0040E-01  2.9101E-01  0.0000E0D 0.0000E00 J

2

3 6.6948E-16  6.8311E-16  2.2470E01 2.2470EDL 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00
4 6.6948E-16  6.8312E-16  2.2553E01 2.2553E01 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00
5 6.6948E-16  6.8312E-16  2.2662E01 2.2662E01 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00
6 6.6948E-16  6.8312E-16  2.2793E01 2.2793E01 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00
7 6.6948E-16  6.8312E-16  2.2939E01 2.2939E01 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00
8 6.6949E-16  6.8312E-16  2.3094E01 2.3094E01 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00

9 6.6949E-16  6.8312E-16  2.3251E01 2.3251E01 3.0640E-01  2.9101E-01  0.0000E0D 0.0000E00
10 1.3981E01 1.3952E01 2.3407E01 2.3405E01 5.4375E04 7.9602E04  0,0000E0D 0.0000E00
11 1.3111E02 1.3111E02  2.3554E01 2.3554E01 1.7793E05 1.6786E05  0.0000E0Q 0.0000E00
1z 3.0396E02 3039902 2.3692E01 2.3092E01 2,3550E05 2.2217E05  0.0000E0D 0.0000E00
13 5.0504E02 S.050SEDZ 2.3815E01 2.3815E01 2, 7892E0S 2.6314E05  0,0000E0D 0.0000E00

14 7.1394E02 F.1394E0Z  2.3923E01 2.3923E01 3.1303E05 2.9532E05  0.0000E0D 0.0000E00
15 91272802 91272802 2.4013E01 2,4013E01 ,2051E05  0,0000E00 0.0000E00
16 1.0855E03 1.0855E03  2,4084E01 2,4084E01 \0000EDD 0.0000E00
17 1.2191E03 1.2191E03  2,4136E01 2,4136E01 \0000EDD 0.0000E00
18 1,3034E03 1.3034E03  2,4167E01 2,4167E01 \0000EDD 0.0000E00
19 1,3323E03 1332303 Z.4177E0L Z2.4177EDL \0000EDD 0.0000E00
20 1,3034E03 1.3034E03  Z.4167E01L Z2.4167E0L \0000EDD 0.0000E00
2l 1.2191E03 1.Z191ED3  Z.4138E01 Z2,4136E01 \0000EDD 0.0000E00

22 1.0855E03 1.0855E03  Z,4064E01 2,4034E01 \O000EDD 0.0000E00

@ Adiust Font Size
[ ol 5 ) Prink | 6 )Save | 7 )Close |
3 -2 -1 0 1 2 3

# Title Description

Key result parameters are tabulated for each bearing row. This area provides quick access to available key
parameters.

A scrollable/selectable text window containing the complete analysis output. See section 4.0 for a
comprehensive listing of available output contained in the detailed results section of the results window.

Result highlighting makes important result parameters impossible to overlook. Each element Hertzian

1 Result Summary

2 Detailed Results

3 Result Highlighting contact stress exceeding the user specified allowable is highlighted. Additionally, all elements with
truncation are automatically highlighted.

4 Adjust Font Size Font slider adjusts font size, in 1pt increments, for all the detailed results text.

5 Print Button Brings up a standard print dialog. Only the detailed results are printed.
Save copies the contents of the results window to a delimited text file. The delimited text file provides the

6 Save Button user with unlimited post processing options and easy importing to various software platforms such as
Microsoft Excel®.

7 Close Button Closes the results window.

Figure 12. Results Window

2.4 Sensitivity Studies

ORBIS enables rapid bearing design and quick solutions to common ‘what if” scenarios via the
Sensitivity Studies utility. This utility allows the user to vary almost any input parameter (independent
parameter) and plot them against any output parameter (dependent parameter). The Sensitivity Study
dialog is accessed from the ‘Tools’ menu (see section 2.1.6).
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5

rInput Parameter (Independent Yariable!

- Oubput Parameters (Dependent Yariables)

Select Output Row:

System Dutputs
I Mounted Preload
I™ Preload Deflection
[ Starting Torque
I Fatigue Life, L10
I Diametral Free Play, Mnt'd
I Axial Free Play, Mnt'd
I LD Expansion, Mnt'd
I~ ©.0. Expansion, Mnt'd

Row Forces & Deflections
I™ Reaction, Fx [~ Deflection, dx
I Reaction, Fy [ Deflection, dy
I™ Reaction, Fz [ Deflection, dz
I~ Reaction, Fyy [ Deflection, dyy
I~ Reaction, Fzz [ Deflection, dzz

Seleck Output Yarisbles ko Plat

Element Outputs
I Max Mean Hertzian Stress
I~ Max Ball Load

| |L-

o

Select Input Yariable: I i LI
Wary From: @ To: IF {Ibfy
. Fy (IbF)
# of Increments: @ 2 ()
Mominal Value, Row 1; @ (Reference) Fyy (in-Ibf)
Fzz {in-Ibf)

Load Location (in)

Shaft Temperature (F)
Housing Temperature (F)
Fotational Yelocity (rpm)
Free Contact Angle (deg)
IR, Curvature

0. Curvature

Fuow Location gin}

1
I~ Max Contact Angle 1., Fitup (in)
I~ Max Upper Edge Location J0.0. Fitup (in)
I~ Max Sub-Surface Shear Preload (1B

I~ Max Shear Depth
I Max Ball Spin Yelocity
I™ Film Parameter, Lambda

System Stiffness
[~ stiffness, kKx
[ Stiffness, Ky
[ Stiffness, Kz
[ Stiffness, Kyy

[~ stiffness, Kzz —/

y

@ I Export raw data to file

> ()

ICoeff of Friction, Contact
I.R. Clamp Load {bf)
0. R, Clamp Load {bF)

Plot Resuls

Close KIED

1 Select Input Variable

# Title Description

Drop-down menu to select independent variable (see parameter options in the figure to the right). Note:
each input parameter associated with a bearing row is applied to all bearings in the system. For example,
if ‘Free Contact Angle’ is selected as the input parameter all bearing rows will be analyzed with the range of
free contact angles defined in entry fields 2 and 3 below.

2 Vary From/To

Specifies the minimum and maximum values, inclusive, to vary the independent variable between.

3 # of Increments

Specifies the number of points to plot. Orbis will use the specified variable limits and number of increments
to determine equally spaced data points. Default value is 5 increments.

Nominal Value, Row 1

This is a non-editable field that provides the nominal value of the selected independent parameter. This is
provided for user reference.

Select Output Row

Specifies which output row to be used to plot output (dependent variable).

Output Variable Selections

Checkbox selection of all possible output variables. User may select any number of output variables to
analyze. Orbis will provide a separate plot window for each output variable.

N[ o k| »

Export raw data to file

Selecting this checkbox will allow the user to save the raw plot data to a delimited text file.

8 Plot Results Button

Button to perform analysis and plot final results. If user selected ‘Export raw data to file’ checkbox the user
will be presented with ‘File Save’ dialog to specify a file name and directory for the data file prior to plotting
the data.

9 Close Button

Closes the Sensitivity Studies dialog.

Figure 13. Sensitivity Studies Dialog

2.4.1 Sensitivity Studies - Plot Windows

The plot windows generated from a sensitivity study are interactive. See the following figure for a
description of user options within the plot windows.
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=10l ] 1ol =
Max Mean Herizian Stress Max Mean Herizian Stress
175,000 ; ; ; ; e e i 175,000 it
P ! ! ! L=
150,000 4 I 2 @ { { H 150,000 T
15,000 e EAUUNN SUUUN U SNSRI SO 10
E @ Froperties... 3
@ 100,000 Gz @ 100,000 @
O Save as.. o
@ 75,000 Print... 4 : @ 75,000
Zoom In »
50,000 Zoomout b | = : 50,000
25,000 e | 25,000
] s 0
100 125 150 175 2 225 250 275 30,0 325 350 375 400 00 125 150 175 200 225 250 275 300 325 350 375 400
@ Row Preload (Ibf) Row Preload (Ibf)
# Title Description
Data is plotted with a ‘smooth’ curve fit where actual solution points are indicated with circles. Note: the
1 Curve
smooth curve fit may not always follow data accurately.
The plot options dialog appears by selecting the right mouse button anywhere within the plot window.
2 Plot Options Dialog Options exist to modify plot properties, copy to clipboard, save plot as an image, print, and zoom/scale
axes.
3 Independent Parameter All plots have the independent parameter along the abscissa. Appropriate units will be specified.
4 Dependent Parameter All plots have the dependent parameter along the ordinate. Appropriate units will be specified.
B Mouse zooming (rectangular) is achieved by selecting the upper left corner of a rectangle with the left
3 Mouse Zoom - Start mouse button and dragging the mouse to the lower right hand corner.
To complete zoom release the left mouse button with the mouse pointer at the desired lower right corner
6 Mouse Zoom - End
of the zoom rectangle.

Figure 14. Plot Windows

2.5 Tolerance Studies

Orbis performs tolerance studies of key bearing parameters with the Tolerance Studies dialog. This utility
iteratively solves all permutations of user specified tolerances and provides the combination causing
worst case Hertzian contact stress in a results window. Additionally, truncation is checked for all
iterations. Reference the following figure for a description of the Tolerance Studies utility.
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Free Contact Angle (deg)

[Ivolerance Analysis x|
Taleranc
Min Max
Free Contact Angle {deg): 19 5
Inmer Raceway Curvakure: .52 .54
Quter Raceway Curvature: 52 .54
Preload {IbF): 280 320
Option:

l7 ¥ary sign convention on load components
|7 Apply tolerances ta all bearing rows

Select Beating Rows Il = @

ot
1. This utility evaluates all permutations of minfmax tolerances and reports
the resulting maximum contack stress condition. IF truncation is found the
routine will stop iterating and report the truncated results.

Z. WARNING: Due to the large number of possible permutations, this routine
may take several minutes to complete {i.e. A twao bearing row system with
waried sign convention on load components and tolerances applied to all rows
has 4,096 possible permutations).

Analyze || Close @

# Title Description

Specify min and max free contact angles in degrees.

Inner Raceway Curvature

Specify min and max inner raceway curvatures (ratio of raceway radius to ball diameter).

Specify min and max outer raceway curvatures (ratio of raceway radius to ball diameter).

1
2
3 Outer Raceway Curvature
4

Preload

Specify min and max preload (always as a positive value). Orbis will correct sign based on contact angle
orientation and the assumption that the preload should load through the contact angle.

5 Vary Sign Convention

Checkbox to specify if sign convention should be varied on all load components. Selecting this checkbox

will run all permutations of positive and negative load components.

6 Apply Tolerances to all rows

Checkbox to specify how tolerances are applied to the system. Selecting this checkbox causes all bearing
rows to have specified tolerances analyzed. Un-selecting this checkbox activates item 7 below and

tolerances are only applied to selected bearing row.

7 Row Selection Drop-down

When active the drop-down menu is used to specify which bearing row to apply the specified tolerances to.

8 Analyze Button

Button to begin analysis of tolerances.

9 Close Button

Closes the Tolerance Analysis dialog window.

Figure 15. Tolerance Studies Dialog

2.6 System Preferences

The system preferences dialog is available from the tools menu (reference section 2.1.6). Options

available are shown in the figure below.
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System Preferences
Datsbase Optiu\ver Options |

Database Location
Specify default location for databases:

2

JcADacuments and Settings\Jake\My Documents\Orbis

Database Importing

Default Database Entriss Remote Database Entries

Browse

112-136 -

1216

6472

50-104

512
512_mod_mat
96120

1622

3 Inch

3 Inch_mod
240

242

4856
l4856-1
4856 _radial
4858

6472
50-104
512

812 mod mat

Dones pge0
321
sample Bearing
Sample Bsating2
i5ample Bearing_mod
S5RI-8632-15
testss-1

testsa-17

testsa-2

lbeskaR-72

74| Select Database Type:

@ Bearings

 wterss (3)

 Lubricants

LI Load Remote Database

System Preferences

Database Options  Solver Options |

System Loading Parameters

1.0e-5] System Force Balance Ertor, Ib [0 < Yalue < 1]

Specifies the maximurn allowable syskem force balance error, Convergence criteria will be
determined by multiphying this value by the root sum squares (RSS) of the applied external
Ioading. IF RSS of external loads is less than one, entered valus is used directly,

100 Max No. of System Solver Iterations [1 < Integer]

@

Speifies the maximum number of system Force balance salver iterations bsfare aborting.
Mumber of required iterations will increase as the system force balance error is reduced,

Mounting & Preloading Parameters

1.085 Max Preload Force Balance Error, Ibf [0 < Value]

Specifies the maximurm allowable preload force balance error,

@ 0 Max No. of Preload Solver Iterations [1 < Integer]

Speifies the maximum number of preload solver iterations before aborting,

@ 1.0s-7  Max Internal Clearance Ervor [0 < Value]

Speifies the maximum allowable internal clearancs errar, During mounting and preloading the
solver will converge an each bearing's change in internal dlearance within this value.

@ Reset Defaulks

Close

Close

1 Tabbed Pane Selection

# Title Description

Each system preference category is accessed by selecting the appropriate tab.

This area contains the folder location to the default database files. The browse button brings up a folder

2 Database Location selection dialog that allows the user to specify their preferred directory for storing their databases.
To perform a database import, or simply view contents of a database, the user must select which type of

3 Select Database Type database to be displayed. Once the type is specified the two scroll panes (see #6 & #7) populate with the
appropriate entry names.

4 Load Remote Database Select this button to bring up a folder selection dialog. Within the folder selection dialog the user will
navigate to a desired database. Note: this button is only active once a database type is specified.
Displays entries from remote database. Single entry selection is achieved by mouse selection (left click) on

5 Remote Database Entries desired entry. Multiple entry selection is achieved by two methods: for consecutive entry selection select
the first desired entry and shift+click the last consecutive entry, for non-consecutive entry selection select
each entry while holding the control key.
Selecting this button imports the selected remote database entries into the default database. The database

6 Import button does not allow duplicate entries and will check each import entry for existing names within the default
database. If duplicates are found the user will be asked to confirm overwriting or skip the duplicate import.

7 Default Database Entries Displays the entries from the user’s default database.
This entry specifies the allowable system force balance error for solver convergence (Norm of the
residuals). Acceptable values are between zero and one exclusive [0<value<1]. The system force balance

8 System Force Balance Error convergence criteria will be determined by multiplying this value by the RSS of the applied external loading.

Y In the case where the RSS of the external loading is less than one this value will be used directly. For

example, if the RSS of the external loading is 1,000 Ibf and the system force balance error is 1.0E-5
(default value), then the system will converge to equilibrium within 0.01 Ibf.

9 Max Solver Iterations Specifies the maximum number of numerical solver iterations before aborting.

10 Max Preload Error This entry specifies the maximum allowable force error for determining the preloaded state. Acceptable
values are greater than zero [0<value].

11 Max Preload Iterations Specifies the maximum number of numerical solver iterations on preload convergence before aborting.
Specifies the maximum allowable internal clearance error for convergence, in inches. Acceptable values are

12 Max Internal Clearance Error greater than zero [0<value]. During mounting and preloading routines the solver will converge on each
bearing row’s change in internal clearance within this value.

13 Reset Defaults Select this button to restore all solver options to their default values.

14 Close Button Closes the system preference dialog window.

Figure 16. System Preferences

3.0 Technical Background

ORBIS uses numerical techniques to solve the user defined system of one or more bearing rows
simultaneously. A solution to the system is achieved when the sum of all bearing row reaction forces is
sufficiently close to the external applied forces (system equilibrium). ORBIS does not use pre-generated
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lookup tables within the computations and all solutions are, unless otherwise specified, based on the
mathematical theories developed and published by A.B. Jones (1964).

Some outputs provide results based on mounted contact angle. When a bearing is defined within the
database editor the user specifies the free contact angle. ORBIS uses the free contact angle as the starting
point for all subsequent computations. The first set of computations determines the mounted contact
angle. Inputs such as .R. and O.R. Fitup, Housing and Shaft Temperatures changes from ambient (68°F),
and preloads influence the mounted contact angle.

3.1 Convergence Criteria

ORBIS uses the IEEE 754 technical standards for all floating point arithmetic. All calculations use at
least 64-bit precision. Key calculations pertaining to matrix inversion and the overall system Jacobian are
extended to 128-bit precision to improve accuracy of the solver. The default criteria for convergence are
show below. Refer to section 2.6 for instructions on how to change these settings.

Table 1. Solver Convergence Criteria

Default
Parameter Error (¥) Comments

The allowable system equilibrium error is defined as a percentage of the applied
System external loading (Euclidean norm of force components). Error is defined as the
Equilibrium 0.001% difference between the norm of all bearing row reaction forces and the norm of
Error the external applied forces. In the case where there is zero external loading the

error defaults to 1.0E-5 Ibf.
Preload Force Preload force error is defined as the difference between the bearing reaction

1.0E-5 1bf. .

Error forces and the applied preload force.

The ring expansion error is defined as the difference between APy, input into the
Ring Jones model (a ‘fixed ring’ model) and the resulting APp due to ring deflections.
Expansion 1.0E-7in.  Ring deflections are determined by using the resulting ball normal forces and
Error associated contact angle to determine an equivalent radial pressure on the bearing

ring.
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4.0 Output Descriptions
The following sections describe the analysis output generated by ORBIS.

4.1 Input Parameters

This section provides a list of the user inputs used to generate the analysis results. These are provided to
the user as reference.

4.2 External Applied Loads

This section displays the user defined system load components and the application point at which they are
applied (location is along the x-axis).

4.3 Ball Crossing Angles

Ball Crossing Angles are displayed for each row and are defined as the angular rotation required by a
given ring, inner or outer, to cause a ball to travel to an adjacent ball station. These results are based on
the mounted bearing contact angle.

4.4 Internal Clearances

This section provides bearing diametral (or radial) and axial free-play. Results are given for both initial

(free) and mounted conditions. Diametral play is defined as the total linear radial distance the inner ring
can move relative to the outer ring with negligible applied force. Axial play is defined as the total axial

displacement the inner ring can move relative to the outer ring.

4.5 Bearing Ring Properties

This section provides the equivalent raceway diameters used for the mounting/preloading algorithm.
These diameters are defined as function of the bearing geometry as shown in the following figure. The
bearing inner and outer diameter expansion from fitup and preloading, at both unmounted and mounted
condition, is also included.

2h,
Dig = dir, g, T 0.68(hy + hg) — P (hy — hq)
IRTaCe
2h,
Dor = doRryqee — 0-68(hy + hg) + P (hy — hq)
ORTaCe
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Figure 17. Bearing Nomenclature

4.6 Preload Data

This section provides the applied preload, resulting mounted preload and corresponding axial deflections
for each bearing row. The axial deflection shown is purely due to the mounted preload condition.

4.7 Reaction Forces on Shaft

This section provides the resulting bearing reaction force components on the shaft at each bearing row.
These forces include all mounting, preloading and external loading conditions and apply at the center of
their respective bearing row locations.

4.8 Inner Ring Displacements

This section provides the components of the displaced inner rings due to mounting, preloading and
external loading. All non-axial results are based on fixed outer ring theory developed by Jones (1964).

4.9 Stiffness Output

Orbis provides three different types of stiffness calculations: axial stiffness with ring compliance
considerations, system Jacobian diagonal terms, and complete 5x5 stiffness derivatives for each bearing
row. Refer to subsequent sections for a description of each type of stiffness result.

4.9.1 Axial Stiffness

This result provides the system axial stiffness, at mounted and preloaded state, with compliant ring
considerations. Effects from external loading are not included in this result.
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4.9.2 System Jacobian

This result provides the system Jacobian diagonal terms. These result apply in the fully loaded condition.
Additionally, the system Jacobian assumes a rigid system during external load application. The system
Jacobian results apply at the center point of the user’s system (e.g. if the user system contained two rows
placed at -0.5” and +0.5” along the x-axis the system Jacobian would be computed at x=0.0").

4.9.3 Row Stiffness Matrix

This section provides complete 5x5 stiftness derivatives for each bearing row. Stiffness results
correspond to the quasi-static equilibrium state of the system in its final loaded state.

4.10 Fatigue Life

This section provides individual ring and total system fatigue cycles for various conditions. Note: Fatigue
results are only generated for dynamic analysis runs. Outputs include L10 life, adjusted L10 life, and
adjusted life with consideration for film thickness. L10 Fatigue life calculations are based on the
Lundberg — Palmgren theories as shown in Jones (1964). The adjusted life output is based on the life
factor theory adopted in AFBMA (1990) standards. This result includes the user defined life factor input
along with a computed factor based on the user reliability input.

The life factor input allows the user to enter a combined factor to account for items such as materials,
cleanliness, and misalignments. Bamberger (1971) provides a useful reference for computing various life
factors. The adjusted life with film includes an additional lubricant factor, which is also provided for
reference. The film parameter is from Bamberger (1971) and follows the AFMBA recommended average
curve and uses the minimum film parameter as discussed below. All fatigue calculations use the
individual rolling element results and do not require determination of an equivalent radial load on the
bearing row.

4.11 Bearing Torque

Bearing torque results are only generated for dynamic analysis runs. The bearing torque output represents
the torque associated with rolling and spinning within the contact area. Precisely, this is the torque due to
interfacial slip (aka Heathcoate Slip) at the contact ellipse. It is important to note that there are numerous
other factors, such as lubricant shear/churning or cage drag, which can have a profound effect on bearing
torque. ORBIS uses the ‘Race Control’ theory from Jones (1964) and therefore only allows spin to occur
on one raceway. The computed torque output can be scaled with the coefficient of friction input
parameter. Reference Jones (1964) for the torque calculations used by ORBIS.

4.12 Row Outputs (Element-Wise results)

Detailed outputs for each element of each row are provided in tabular form. Output tables are repeated
for each bearing row in the user’s system. These tables differ depending on whether the analysis is static
or dynamic. All outputs correspond to the system equilibrium state after application of all external
loading.

4.12.1 Element Number
The Element Number is simply an indexing scheme to identify each of the rolling-elements uniquely.
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4.12.2 Normal Ball Load

The Normal Ball Load is the load applied by each ball into each raceway contact. This load is directly
normal to the contact ellipse.

4.12.3 Contact Angle
The Contact Angle output describes the angle of the normal ball load vector.

4.12.4 Mean Hertz Stress

The Mean Hertz Stress output represents the average Hertzian contact stress over the elliptical contact
area. Peak stress for an elliptical contact can be computed by multiplying the mean stress by 3/2. ORBIS
will automatically highlight, in red, all values that exceed the user defined allowable mean Hertzian stress
from the main user interface. All stress results assume the contact ellipse if fully contained within the
raceway.

4.12.5 Truncated Length

The Truncated Length represents the percent of the total length of the contact ellipse, along the major
axis, that is truncated due to shoulder or dam override. ORBIS will automatically highlight all elements
that have any truncation.

4.12.6 Ellipse Semi Major
The Ellipse Semi Major output represents one half of the major dimension of the contact ellipse.

4.12.7 Ellipse Semi Minor
The Ellipse Semi Minor output represents one half of the minor dimension of the contact ellipse.

4.12.8 Max Sub-Surf Shear

The Max Sub-Surface Shear is the peak shear stress developed below the raceway surface due to contact
stress.

4.12.9 Max Shear Depth

The Max Shear Depth is the location along the normal to the contact area, below the raceway surface, at
which maximum shear stress is developed.

4.12.10 Upper Edge Location

The Upper Edge Location represents the edge of the contact ellipse that is closest to the land diameter.
This value is represented as a ratio of its height from the center of the raceway to the ball diameter.

4.12.11 Lower Edge Location

The Lower Edge Location represents the edge of the contact ellipse that is closest to the dam diameter.
This value is represented as a ratio of its height from the center of the raceway to the ball diameter.
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4.12.12 Contact Normal Approach

Contact Normal Approach represents the total combined deflection of the contacting bodies (rolling-
element and raceway). This deflection is along the normal direction to the contact area.

4.12.13 Contact Normal Stiffness

Contact Normal Stiffness represents the stiffness of the rolling-element to raceway contact area stiffness
in the normal direction.

4.12.14 Spinning Velocity

Spinning Velocity is the angular velocity of rolling-element spin relative to the un-controlling raceway.
Per Jones’ (1964) race control theory, spin can only occur on one raceway while pure rolling occurs on
the other. Based on the spinning velocity output one can deduce race control (i.e. if there is zero spinning
velocity on a given raceway than that raceway is ‘in control’).

4.12.15 Rolling Velocity
Rolling Velocity is the absolute angular velocity of the rolling element relative to the raceways.

4.12.16 Spinning Torque

Spinning Torque is the component of torque generated by interfacial slip within the contact area due to
rolling-element spin.

4.12.17 Rolling Torque

Rolling Torque is the component of torque generated by interfacial slip within the contact area due to
pure rolling.

4.12.18 Element Roll Velocity

The Element Roll Velocity represents the rotational velocity of the rolling elements as seen relative to the
pitch orbit velocity.

4.12.19 Pitch Orbit Velocity

The Pitch Orbit Velocity is the rotational velocity of the bearing pitch diameter about its spin axis. This
is essentially the angular velocity of rolling-element cage or retainer.

4.12.20 Minimum Film Height

The Minimum Film Height represents the thinnest point of the lubricant within the contact ellipse. This
calculation is based on the ‘Hard-EHL’ theory by Hamrock and Dowson (1981) for fully flooded
conditions.

4.12.21 Minimum Lambda Value

Lambda is a dimensionless parameter that is often used to describe the lubricant regime of the bearing.
Its value is determined by taking the ratio of the minimum film height to the root sum squares (RSS) of
the contacting surface roughness. Mathematically, lambda is defined as follows.
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A=
2 2
\/Rraceway + Rball

4.12.22 Centrifugal Force

The Centrifugal Force output represents the radial body force of the rolling element due to its orbital
velocity and mass. This force tends to create differing contact angles between the inner and outer race
contacts and is treated in the analysis per Jones (1964).

4.12.23 Gyroscopic Moment

The Gyroscopic Moment output represents the spinning body moment of the rolling element due to its
angular velocity and inertia. The influences of this force are treated in the analysis per Jones (1964).
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