COBRA-AHS(2"Generation)

COBRA-2G ADVANCED HIGH-SPEED
COMPUTER OPTIMIZED BALL & ROLLER BEARING ANALYSIS

COBRA-2G, the 2"¢ Generation of COBRA-AHS, is a High Speed bearing
analysis program that computes the behavior of up to five (5) bearing rows on a
flexible or rigid shaft loaded in 5 DOF. COBRA-2G is integrated with ANSYS to
perform fittup and temperature-distribution analyses, including iterative
thermal/dimensional interaction and sub-surface stress distribution analysis using
ANSYS. Additional features include 6 DOF Ball Kinematics for prediction of Sliding
and Skidding as well as the legacy Jones Race Control model and a physics based
Non Linear Thermal Viscoelastic (NLTV) mixed film traction model. Stress models
include Heat Treat Residual Stress and Hoop Stress from fits and operation speed.
COBRA-2G automatically prepares files for input into the Wedeven Associates
SCM (Single Contact Model) for rigorous analysis of Mixed EHL loaded contacts.

PROGRAM CAPABILITIES & FEATURES INCLUDE:

Up to 5 Bearings on flexible or rigid shaft  Internal Clearance & End-Play Interactive Sensitivity Studies

Up to 10 Applied Loads in 5 DOF STLE Fatigue Life Adjustments Interactive Duty Cycle Analysis

Up to 20 Shaft Sections Misalignment, Location Offsets Up to 2000 Duty Cycle Conditions

Tapered and hollow shaft sections Hybrid Bearings, Duplex Bearings Skid Estimates for Ball and

Pre-defined defaults for many inputs Lubricant Film Thickness Cylindrical Roller Bearings

Housing and Shaft Distortion inputs Lubricant Effects on L10 Life Input in SI or US units

Crowned Rollers w/ Lamina Library of Lubricants Results in Sl and US units

Preload Library of Materials Copy Results & Plots to Clipboard

Bearing heat generation & cage forces Interactive Roller Edge Stress Print Results & Plots

Seamless interface to ANSYS Analysis w/ Contour Plot Outputs  Automatic Update of Results & Plots

ANSYS Race Segment stress models Under Race Cooling of SIR bearings Prepares ANSYS COMBI214

Imposition of Residual Stress In contact Flash Temperature Elements for Rotordynamic models
Export of Data files to WAI SCM LP & IH Life Models

5 BEARING TYPES:

Radial (Conrad) Ball, Angular Contact Ball, Cylindrical Roller (with Under Race Cooling) Tapered Roller (?)
Split Inner Race (3 Point Contact) with Under Race Cooling

2 EDITIONS AVAILABLE:

Full: All features including ANSYS seamless links for temperature distributions and more rigorous Fit-Up analysis
Plus ANSYS Race Segment Models for sub-surface stress distribution analysis

Reduced: Excludes ANSYS Race Segment Stress Models
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Detailed Bearing System Definition

COBRA-2G can create detailed shaft-bearing
systems with mixed bearing types
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Detailed Contact Stress & Thermal Analysis

COBRA-2G has a modern menu-driven Windows interface with tabbed worksheet format. Users
can interactively change data and quickly generate results. COBRA-2G predicts Edge Stress
concentration and contains a library of standard crown profiles. User defined or measured profiles
can also be analyzed. The seamless interface with ANSYS allows for steady state thermal analysis
and dimensional IDC (Internal Diametral Clearance) change estimates
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The 6 DOF ball kinematics solution gives cage slip (skid) estimates at low thrust load and detailed

“in contact” sliding velocity profiles for use in the Non Linear Thermal Viscoelastic Traction (NLTV)
model implemented in the analysis of high DN split inner race and angular contact ball bearings. Input
files are created for the Wedeven Associates Single Contact Model (SCM) for rigorous analysis of
mixed EHL contacts.

In Contact Sliding Velocity
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COBRA-2G contains the WAI physics based Non Linear Thermal Viscoelastic Traction (NLTV)
model incorporating a Maxwell Viscoelastic Fluid and the Johnson-Trevaawerk traction formulation.
Physical property data needed for the model is generated using the WAI WAM machine. COBRA-2G
applies this formulation to a sliced inner and outer race contact patch for estimating the contribution to
Heat Generation from EHL traction and Traction Forces used in Skidding Analysis. Also, input files for
the WAI SCM (Single Contact Model) are prepared for detailed Mixed EHL Contact analysis.

NLTV Traction Model vs Test

Visco-elastic Maxwell Fluid Model
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WAI SCM Film Temperature Estimate Example
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COBRA-2G gives improved heat generation prediction for high speed, high load split inner race
angular contact ball bearings as verified by two sets of high speed test rig data to 3 MDN and 16,500
pounds thrust load. COBRA-2G contains physics based heat generation models that quantify heat
generated from lubricant drag or churning loss, Inner and Outer race EHL Traction loss, EHL
hydrodynamic pumping loss, Hysteresis loss and Lube Inertia. Cage pilot surface and ball pocket
friction are also included. Knowing the % contribution of each source enables the bearing designer to
focus on the areas of largest generation.

Hybrid Bearing to 2.6 MDN

All Steel Bearing to 2.6 MDN
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COBRA-2G Captures Increase in Heat Generation with speed at 26.7 kN & 53.4 kN Thrust

COBRA-2G Captures Increase in Heat Generation with Thrust Load
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COBRA-2G has a seamless interface to ANSYS for steady state thermal analysis of ball and
cylindrical roller bearings having Oil Jet or Under Race lubrication/cooling systems. The Under Race
cooling models include rectangular and Arcurate (semi-circular) flow passages as well as several
lubricant passage arrangements. The image below demonstrates the significant reduction in inner
race temperature due to under race cooling. Also notice that COBRA-2G captures the temperature
difference between the loaded and unloaded halves of the 2 piece race for the SIR bearing. Such
results have been verified by measured data on a 160mm SIR bearing at 2.5 MDN.

COBRA-2G provides for multiple combinations of coolant delivery and flow passage cross section shape
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COBRA-2G has a seamless interface to generate ANSYS Race Segment Models for analysis of
sub-surface stress distribution at the most heavily loaded ball. Such models can be generated for
inner and outer race contacts and include loading from the ball load Hertz pressure, traction
forces along the contact ellipse, press fits, race speed and “as-manufactured” residual stress.
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COBRA-2G ANSYS Thermal Analysis detects development of “hot spot” within a bearing with high
% Cage Slip. Although the bearing heat generation decreased from 16.1 KW for 2% slip to 10.5 KW
for the case of 32% cage slip, a high temperature zone is detected at the inner race contact due to
the high sliding velocity that developed from cage slip. This will impact the Tribology of that contact
and can be evaluated using the Wedeven Associated Single Contact Model (SCM) for mixed EHL
analysis.

COBRA-2G contains the Classical Thick Ring FitUp model and more rigorous ANSYS estimates

of Internal Diametral Clearance (IDC) in a bearing. Ball or Roller load effect on IDC can be included
in the estimate. This feature is useful for evaluating preload change in thin race bearings or preloaded
bearings cooled to cryogenic temperatures.
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COBRA-2G Input/Results Form Examples

Lubrication Inputs STLE Life Factor Inputs

2_ Shaft 3 Bearings |4 FitUp 5 Advanced |6 Interactive 1. System | 2. Shaft 3. Bearings | 4. FitUp 5. Advanced |6. Interactive
1.1. File Family 2.1. Shaft Sections 3.1. Geomety 4.1 Housing + Shaft | 5.1. Cage E.1. Raller Crown 1.1. File Family 2.1. Shaft Sectiors 3.1. Geometry 4.1. Housing + Shaft  5.1. Cage 6.1. Roller Crown
1.2 General 2.2 Applied Loads 4.2 Sleaves 5.2 STLE Analysis | B2 Skid nalysis 1.2 General 2.2 Applisd Loads 3.2 Lubricafion | 4.2 Slesves 6.2 Skid Analysis
2.3, Duly Cycle Aralysis | 3.3. Maleniaks 4.3 Temperatures | 5.3, Distartions 6.3, Sensitivity Study 2.3 Duty Cycle Analysis | 3.3, Materisls 4.3 Temperatures | 53 Distortions 6.3, Sensitivity Study
Bearng 1 Beanng #2 Besting B3 |Besting A4 Beaing H5 Perform STLE Analysis? Bearing #1 Bearing H2 Beating H3 Beaing #4 Bearing #5
[Lubricart Type [pick from list] MILL 23699 MILL 23699 Fiefiability [%] . aco 99.00% 99.00% 95 00%
Lube Dersiy [g/em ™3] T [Tz 1m0z Winera) O (Shel T b 23] | Inner Riace Materal [pick from fist]. . ........ WSO NIL steel | MBS0 NIL steel | AISI 52100 steel
Lube Themal Expansion Coefficient [1/C] . _@_W 0.000745 MIL-L 7808 | Outer Race Material [pick from list] ... ........ MSONIL stesl |50 NIL steel | A1S1 52100 steel
Lube Thermal Conductivity MmC]. .. .......[@ 07152 BRGEE Polyphenyl Ether MCS 233 [Element Material [pick from list] M0 NIL steel | M50 NIL steel =
Lube Viscosiy E40C [c5t] ° 28 28 Luset-definad lubricant Melting Practice [pick from list] I VAR IM VAR
Lube Viscosiy @100 C [e5.....o..oenee. 51 51 51 1) Metalworking [pick from list] Foged Fings  |Forged Rings | -1 01 M-2 steel
Pressure Coefficient of Wiscosity [mm”2/N] [1 [1 0 Tnrer Race Hardness [Rockwel C] ] & m 0 gmﬁ grSTt; ‘SIED
[ube Operating Temperature [C] £5 £5 5 Outer Riace Hardness [Rockwel C] 62 62 BE-42 or CRB-7 steel
Element CLA Roughiness [microns] 00s 00s 008 Element Hardness [Rockwell C] ] = AI5] 4400 steel
Innes Race CLA Roughness [microns] 01 01 [iA] FRework [pick from list] . . . . _Fewulked @ L1(|Reworked @ L1(|M50 NIL steel
Oluter Race CLA Roughness [microns] 01 01 [ Stressed Valume Removed in Rework [%] B.00% B.00% I 4720 ateel
Outer Race Flange CLA Roughness [micraons] nia nla 0.1 Operating Temperature [degCT. .. ... {__ [0 100 9310 or casseseug steel
Raller End Face CLA Roughness [microns] n'a n'a 0.08 Wwiater Content [ppm] .. ...l 45000 45000 alumina, hot pressed
Element-to-Hace Friction Coefficient. o1 o1 01 Filter Riating [microns] ... .......... 4 4 alumina, cold pressed
Flange Roller-End Friction Coefficient. . ... nla nla [iX] Shaft 0. at bearing location [mml. . ........ | o 1] siicon carbide
Tube Flow Riate [ers/min] N B z Inner Racs Maan 0.D. [mm] 564 EX] j‘"u;:e”r"tﬁdaéhlde
Lube Churming Factar [%]. . ........o.oues @ |34062% 34062% 38151% Inner Race Tight Fit [mm] |05z 0052 S}
Approximate Masimum Hertz Stiess [N/mm2] 1380 1300 1000 |
Residusl Shear Stiess at Crit. Depth [M/mm™2] 200 200 200 |
Notes: ) . ; . . . Notes an the Perform STLE Analysis’ bax in upper [eft
W yau select a pre-efined L byicart Type, then DOBRAAHS willenter default yalues forLubricant propetizs If yau select user specilied 1F checked, then pou must specity 2l STLE parameters [on this Tab) for all Bearings. STLE analysis wil be pertarmed when pou click Rurt
ubricant’ then you must specily the lubricant's propetties. However, Pressure Coefficient’ may be left unspecified, in which case the ; )
COBRAHS engine wil calculate it and display on the Fesults' page If not checked, then the table of STLE parameters (on this Tab) s locked (iead-only). $TLE analpsis wil not be performed when you click Run’.
Click the black dat [or press F5) in the table above ta enter COBRA's estimated or default value for these parameters.
Lubricant Type - pick from the list, or enter a name and all properties for your own lubricant Status: Open /J |Elemanl Material [pick from list] Status: Open A

Cylindrical Roller Bearing Skid Analysis Sensitivity Study Results

1. System 2. Shaft 3. Bearings | 4. Fit-Up 5 Adwanced 6. Interactive 1. System 2. Shaft 3. Bearings | 4. Fit-Up 5 Advanced 6. Interactive
1.1. File Family 2.1. Shaft Sections 3.1. Geometry 4.1. Housing + Shaft | 51. Cage E.1. Roller Ciown 1.1. File Family 21 Shal_t Sections 3.1. Geometry 4.1. Housing + Shaft | 5.1. Cage 5 E1 Hu_HEr Crown
1.2. General 2.2, &pplied Loads 3.2 Lubrication | 4.2, Sleeves 5.2 STLE Analysis  [E.2 Skid Analysis 1.2. General 2.2 Applied Loads 32 Lubrication | 4.2 Sleeves 5.2 STLE Analpsis 6.2 Skid Analysis
2.3, Duty Cycle Analpsis | 3.3 Materials 4.3, Temperatures 5.3, Distartions E.3. Sensitivity Stud| ! 2.3, Duty Cycle Analpsis | 3.3 Materials 4.3 Temperatures 5.3. Distortions [E.2. Sensitivik ﬁludy
Bearing #1 Bearing #2 Beanng 3 Bearing #4 Bearing #5 = itivity Study __ |1 LI Title . ... ISensmwty Study 1 l’@
Beating Type [1ead-only] Angular Contact || Angular Contact 1| Cylindrical Roller
Number of Elements 1% 18 3 Input i~ Result
Element Diameter [mm] 11.11 11 7 Item Bearing [EEBMax_Hertz Stress [H/mm"2] ~| for Bearing #1
Cantact Angle [deg] 25 25 nfa 23000
Rl Length [mm) nia nfa 85 Beaina b 1 =
[Outer Riace Shape (pick from lst). ... [] [ - Perameter .. [Cortact/Cup Angle=] 22800
k-0 Frond Magitude frm] Unite P A \‘\-\\_
Lube Temperaturs [deaC] 9 |55 &5 glhpn:aluuﬂ 22600
Tritial Load Estmate [N] i [ -Raint
- 22400
Skid Adjustment Factar [dimensionless] 1 7 ] Wt g
Step Size....... 2 27200 W‘;‘
NN "‘7\\
- 0% Maminal Value .. [25 200
Results for Bearing #3 | Status:[  Curent | Calc Jpm— R ~—
# COBRA-RHE 5.0 ROLLER BERRING SKID ANZ & 0% Masimum Yalue . . 29 2180.0:
# InputFileSpec= 21 -
# InputFileDate= EclUu'er
# BroType= 1 2 s0% / e H\ﬂ'-l\__‘
RRRAY 4 7 T %' Zian
¢ Radialload[N] ®Epicyl § 2120
_57982+00 S % \\ t““«\
21000
0% 2080.0°
l\‘“-.“ o5 21 2 23 24 25 26 7 28 29
—_-_-ll-—__‘*
% Contact/Cup Angle
300 400 SOD 60D 70D 800 900 1000 1100 1200
Dats Modfied: 2/13/2003 20:31:27 Radial Load [N] 7 Run Sensitivity Study #1 | Status: [ Cument | [Last Run: 2/13/2003 15:04:37
Outer Race Shape (click down-Arrow to pick from list) ez | | [Sesect data to piot - click down-Arrow to pick from st Status: [Saved
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PROGRAM RESULTS INCLUDE:

Bearing Reactions & Load Sharing
Radial & Axial Spring Rates
Angular Spring Rate

Dynamic Capacity

System B10 Life

Bearing B10 Life

Load Zones

Hertz Contact Stress
Sub-Surface Shear Stress
Operating Contact Angle
Element Loads

Contact Ellipse Size

Min. Required Shoulder Heights
Lubricant Film Thickness

Life Adjustment Factor-Lubrication
Individual Element Output

Contact Flash Temperature
Contact Sliding Velocity Distribution
Roller Edge Stress

Per Bearing Plots of 11 parameters
And more

B SAMPO2-FULL.CA-OUT
Bearing Reactions and Displacements:
Caution: These calculations do not include a contamination model.
Bearing No: 1 > B Adjustments for contamination will be added in a future release.
)D("R;’S;!ﬁ ég;gt:?g;e)dj _;L800E+07 ,ééaggE*UF iiguga—u? Life Adjustment Factors For TYZ as Decisive Stress
¥ Radial Reaction (N) -.1213E-04 -.9413E-04  .13556-01 _
Z Thrust Reaction (N) 7. -2702. o000 :;:% = '3355?’35
Moment Reaction About -.4209E-02  .3978E-02  .1979E-04 i eiaacron
Moment Reaction About 9079. -152.4 -44.52 J = . +
;:g:—:} ég}:g}:ﬁ:g:g _:gigégzgg _:gggggzgg 3 Life Adjustment Factors for TAU4S as Decisive stress
Axial Thrust Displacement ( «.5836E-02 «.5836E-02 . 2 -
Tilt about X (radians)..... . .1132E-09 .11186-09 .1293E-09 :%::'I::g =
Tilt about v (radians).......... .2032E-04  .1631E-04 -.3037E-05 =
AWT4E = J
Lube / Life Datar Life Adjustment Factors for OCT as Decisive Stress
Outer Starvation Factor 1.000 AIHOCT = + 7604E+05
Inner Starvation Factor 1.000 AZWOCT = E+00
Cuter Thermal Factor. 6343 AWQCT = 45E+00
Inner Thermal Factor... 6382
Film Thick - outer Race (micron) L5136 Life Adjustment Factors for DEH as Decisive Stress
Film Thick - Inner Race (micron) L4775
outer Race Lambda............... 3.208 AIHDEH = E+05
Inner Race Lambda........ 2.283 AZWDEH = E+00
Outer Race Lube Life Factor 2.560 AWDEH = E+00
Inner Race Lube Life Factor 2.520
Reliability Life Factor (ai).... 1.000 : N N :
Matl Life FActor (@2).....ooan.. 1.373 Bearing # 2 Stiffness Matrix ( N/mm ) & { N-mm/radian )
unfactored 0.R. L10 Life (hrs).. 86
unfactored I.R. L10 Life Chrs).. 8115E-01 dx dy dz dalphx : dalphy :
unfactored Brg. L10 Life Chrs).. 6110E-01
Factored outer Race Life Chrsj.. 5083 .1301E+06:  .0000E+00:  .7986E+03i  .ODOOE+00: . 1043E+06:
Factored Inner Race Life (hrs).. 2045 .0000E+00:  .1301E+06:  .0ODODE+00:  .0ODOOE+00:  .0OODE+00:
Factored Bearing Life (hrs)..... 2138 .3646E+D4:  ,0D00DE+D0:  .8757E+05:  .ODOOE+00: -, 2350E+04:
.D00DE+D0:  .00DOE+D0:  .OODOE+0D:  .1074E+06:  .0DDOE+00:
Unfactored System Life (hrs .104538+06:  .0000E+00:  .3230E+03:  .0D00E+00: . 1074E+0&:
Factored System Life (hrs).
Edge Stress Life Factor.... 8.0933E-24
- -
0l | » 4 | Ll_l
[Fie Date: 712412003 15:38:30 [File Decription: text output from main CobraAHS engine Status: |Current 7| [File Date: 712412003 15:38:30 [Fie Description: text output from main CobraAHS engine Status: |Current /ﬁ
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Status: |C urrent a

Flat:| Cage Force [N] 'l far Bearing:llﬂ 'l
Fi} Cage Force -
Contact Angle [deg] /r_\
E0{SpinToRoll Ratio
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401 Contact Inner Edge Angle [d—
0 Stiess Velocity [N/mm-s 4 \
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COBRA-2G Roller Edge Stress Example

Ele Edit View Run Report Window Help |
J NSRS 5 B o[ @ ] B werisheet - {0 Diagram | 7 &un [ output Pl |
%kasheet [S1 units]

SR Output Plot #1 EE E ] § Boutput plot 22 [_El=]
1. System 3 Bearings | 4. FitUp 5 Advanced 6. Interactive [Lomina Losd (N/mml =] [Man, Hortz Stress MPa] =]
11 FisFamiy | 21 Shsft Sections 31 Geomety | 4.1, Housing + Shaft | 51, Cage E1. Fialler Crown Plet 1 amina Load [N/mm] for Flot |Max. Hertz Stress [MPa] !

1.2, General 2.2 Applied Loads 32 Lubrication | 4.2 Slesves 52 STLE Aralysis | 5.2 Skid Analysis Ba0

: =
2.3, Duty Cycle Analysie | 3.3 Materisls | 4.3, Temperatures | 5.3, Distortions 6.3, Sensilvity Study o “7a0jower racel 4|
This tab applies 1o Follertype bearings only. Bearing H1 Beaiing H2 Beaing B3 |Bearng#4___|Bearing#5 P b
Fialler Crawn Type [pick. from lst] se10spacs ciowr 660 4
s Pl T

Fialler Diameter [mm] read-only 7

Fioller Tatal Length [mm] read-only 85 630,
Fialler Flat Length [mm] 5 435 /
Ficler Crown Drop o] i =
Fialler Crovan Fiadius [mm] 70000

B30,

Crown Diop [thousandth mm] for Bearing #3 Stress in Roller Contact Patch for Bearing #3 So : e B
- Max Stress = 1072 [MPa] at station (1, 10)
Lamina Number

o L
on UMy Stress (MPa)
L

w0 4 g ‘D"" Shalfyy Plot File Date: 772412003 15:38:30 | Status: fn
5

% ! W
f B SAMPO2-FULL.CA-OUT
i

Bearing Reactions and Displacements:

e EL
0

1 2

DN value (brg Bore)... .1B00E+07  .1BODE+07

X Radial Reaction (N}. -364.7 -20.66

¥ Radial Reaction (N}. -.1213E-04 -.9413E-04
7 -2

Z Thrust Reaction (N)... L.. &257. 702, ‘0000

Moment Reaction About X I - .3978E-02  .157

— Moment Reaction About ¥ (N-mm)..  9073. -152.4 .54
w g Lo Radial X Displacement (mm) -.B701E-03 -.5045E-03  .4767E-04
S wo» Radial Y pisplacement (mm) .5142E-08  .2893E-08 -.2813E-07
ety Do o Axial Thrust Displacement’ (mm)..  .583BE-02  .5836E-02  .5E36E-02
R TR Hatid Tilt about X (radians) .1132E-09  .1118E-09  .1293E-09
otian Tilt about v {radians) .2022E-04  .1831E-04 -.3037E-0%

0O 2 4 & 8 10 12 14 16 13 20
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SYSTEM REQUIREMENTS:

IBM-compatible PC; 32-bit or 64-bit Windows Operating System (2000, XP, Vista, Windows 7-10);
CD drive 40 MB hard disk space; 192 MB RAM installed (256 MB preferred); 800x600 pixel screen
resolution; 16-bit color display

PACKAGE INCLUDES:

Installation CD; End-User License; Example Problems; Printed Manual; Release Notes, USB
Hardware Security Key Free Technical Support for 1 year. Fee-based support available thereafter.

J.V. POPLAWSKI & ASSOCIATES — Consulting Mechanical Engineers 11
44 E. Broad Street, Suite 207; Bethlehem, PA 18018; Phone: 610-758-9601, Fax: 610-758-9661
Email: info@bearingspecialists.com Web: http://www.bearingspecialists.com



