COBRA-AHS

ADVANCED HIGH-SPEED
COMPUTER OPTIMIZED BALL & ROLLER BEARING ANALYSIS

COBRA-AHS is a bearing analysis program that computes the behavior of up to five
(5) bearing rows on a flexible or rigid shaft loaded in 5 DOF. The program has a
modern menu-driven Windows interface with a multi-tabbed worksheet format, allowing
users to interactively change input data and quickly generate results. COBRA-AHS Full
Edition is integrated with ANSYS FEA to perform fit-up and temperature-distribution
analyses, including iterative thermal/dimensional interaction.

PROGRAM CAPABILITIES 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 Sl or US units

Housing and Shaft Sleeves option Library of Lubricants Results in Sl and US units

Crowned Rollers w/ Lamina Interactive Roller Edge Stress Copy Results & Plots to Clipboard
Bearing Preload Analysis w/ Contour Plot Outputs Print Results & Plots

Bearing heat generation & cage forces Automatic Update of Results & Plots

4 BEARING TYPES:
Radial (Conrad) Ball, Angular Contact Ball Cylindrical Roller, Tapered Roller

3 EDITIONS AVAILABLE:
Baseline: analysis capabilities equivalent to Jones Code, plus more output options and modern Windows user-interface
Intermediate: all Baseline features plus: interactive Roller Crown Design Cell with Edge-Stress estimation (see below)
Full: all Intermediate features plus: ANSYS integration for temperature distributions and more rigorous Fit-Up analysis
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ES Worksheet [SI units] =8

=] ksheet [SI units]

9, COBRAs default value for
: ‘Poisson's Ratio' is:
0.29

Click 'OK' to paste this value
into your worksheet.

UEK i :l Cancel 2
Mote: CobratHS uses a standard right-handed arthogonal coordinate system. o, ian 11

% awis points vertically up. +7 aris points out of the page. +2. ais points fowards the right
Shaft Sections ars numbered consacutively (starting with #1] o left ta right

1. System 2. Shaft 3. Bearings | 4. Fit-Up 5. Advanced 6. Interactive 1. System 2. Shaft 3. Bearings | 4. Fit-Up 5. Advanced 6. Interactive
1.1. File Family  [27_Shaft Sections 31, Geomety | 4. Housing + Shaft | 5.1, Cage £.1. Roller Crown 1.1. File Famiy | 2.1. Shaft Sections 4.1. Housing + Shaft | 5.1. Cage 6.1, Raller Crown
1.2 General 2.2 bpplied Loads 32 Lubrication | 4.2, Slesves 5.2 STLE Analpsie | 6.2 Skid Analysis 1.2, General 2.2. bpplied Loads 32 Lubrication | 4.2 Sleeves 5.2 STLE &ndsis | 6:2. Skid Analysis
2.3 Duly Cycle Analysis | 3.3 Materials 4.3, Temperatwes | 5.3, Distortians £.3. Sensitivity Study 2.3, Dulp Cycle Analysis | 3.2, Materials 4.3 Temperatures | 5.3, Distartions 6.3 Sensitivity Study
- Shaft Rigidi Bearing #1 Bearing K2 Bearing H3 _ |Bearng B4 |Bearing £5
O Shait is rigid. Cobra analysis wil treat the shaft as rigid regardless of Shaft Material Propesties and Shaft Section Dimensions. [Bearing Type [pick from list] Angular Contact || Angulsr Contact || Cylindrical Roller |Angular Conte = | <not present:
@ Shait is flexible. Cobra analysis will compuite shait flexibilty based on Shaft Material Froperties and Shaft Section Dimensions, Duplex E=aring [pick from Tst] <nodupler  [<no duple>[<no duple>  [<not preserty
Duplex Eearing Spacers [click cell to edi) nia nia nia
Shaft Material Properties Location [mm] from ofigin. . . ... .....o.ooe..s | 171 430 Conrad/Radial Ball Beatir
] . . Cyiindrical Roller Bearing
“Young's Modulus [MPa] 205878 |@|  Density [am/em”3] ® Bearing Nominal |.D. {mm] E E Tapersd Pl Besring
[Poisson's Ratio . .......... [0-29 |®| Themal Expansion Cosft. [1/deaC]. .[0.0000123 | @] Eearing Nominal 0.0, (mm] 95 5
Widih of @ Single Fow (mm) 20 13
Shaft Section Dimensions Humber of Elements fmin 3. max 30]. 18 18 3
Dia. at Left End of Section | _Dia. at Right End of Section |~ Pitch Diameter [mm] 775 775 725
o] ot | Sastom Lorm] Zitel Localizn Element Diameter [mm] 1111 1111 7
I;gn'f” SClion | Sed! ‘”n’:meng mm] of Left D [mm] 0D [mm] 1D [mm] 0D [mm] Contact Angle o Cup Angle [degrees] 5 25 n/a
End of Section Outer Riace Curvature/Dsculation . 052 0
1 1 |™ i 0 ] i 60 Inner Riace Curvature/Osculation . 052 0
2 2 |3 ki g &0 Shim Thickness [mm] [ nia
gl aE 150 U 0 £0 Faller Length [mrm] n/a 85
4 4 150 Ell] o £0 Roller End Spherical Radius [mm] wa 10000
FAULT VALU Flange L ayback Angle [deq] na ]
Poller Included Angle [dea] nia ]

Dynamic Capacity Reduction Factor lambda) ® |n/a n/a 0.66

Dynamic Capacity [N] post-1990 IETIE IETIE 45466
Diametral Clearance [mm] 1] a oo
Aial Preload [M] 1] a n'a
Aial Preload Spring Rate [N/mm] 1] 1] n'a
Aial Offset along Z-awis [mm] n'a
Radial Offset along X-awis [mm] 1] a a
Radial Offset along v-awis [mm] 1] a a
Initial Tilt about >-awis [memmmm] 1] a a
Initial Tilt about v -awis [memmmm] 1] 1] 1]

|Poisson's Ratio of Shaft Material - doubie slick (or press FS) to enter dsfaut value (0.3 for stesl)

Status: |Saved

|Biearing Type. - ciick down-arrow to pick from lst; bearing is "not present” if this is not specified [

Notes:

IF you select a pre-dsfined Lubricant Type, then COBRA-AHS will snter default walues for lubricant propettes. If you select ‘user-specifisd
Iubricant’, then you must specify the lubricant's propetties. However, Pressure Cosfficient' may be lelt unspesified, in which cass the
COBRA-AHS engine will calculate it and display on the 'Riesults' page.

Click, the black. dot (or press F) in the table above to enter COBRA's estimated or default value for these parameters.

1.System |2 Shaft 3. Bearings | 4. Fit-Up 5. Advanced | 6. Interactive 1. System | 2. Shaft 3. Bearings | 4. Fit-Up 5 Advanced |b. Interactive
1.1. File: Farnily 2.1. Shaft Sections 3.1. Geometry 4.1, Housing + Shaft | 51 Cage E.1. Roller Crawn 1.1. File Family 2.1, Shaft Sections 3.1, Geometry 4.1. Housing + Shaft  5.1. Cage B.1. Roller Ciown
1.2 General 2.2 Applied Loads 42 Sleeves 52 STLE Analysis | B2 Skid Analysis 1.2. General 2.2, Applied Loads 3.2. Lubrication | 4.2 Sleeves 6.2. 5kid Analysis
23 Duty Cycle Analpsis 3.3 Materials 4.3 Temperatures 5.3 Distortions B.3. Sensitivity Study 2.3, Dty Cycle Analpsis | 3.3 Materials 4.3, Temperatures 5.3. Distortions B.3. Sensitivity Study
Beaing A1 Beaing #2 Bearing B3 |Beaing B4 Beang H5 Perform STLE Analysis? Bearing #1 Bearing H2 Beating H3 Beaing #4 Bearing H5
[Lubricart Type [pick from s .............. MILL 23893 |MILL 23693 - Fiefiabilty [2]. - 93.00% 99.00% 95.00%
Lube Density [a/cm ™3] 10102 10102 Mineral 0il (Shell Tubo 33) | Inner Race Material [pick from list] ME0 MIL steel  |MB0 MIL steel | A151 52100 steel
Lube Themal Expansion Cosfficisnt [1/C] [@ |0 000745 0.000745 -L 7808 | Outer Race Material [pick from list] MEONIL steel  |[MSONIL steel 415152100 steel
Lube Thermal Conductivits [W/mC].. ... 9lotsz 012 Polipheryl Ether MES 233 [Element Material fpick from Tt ......... MENIL steel | MO NIL steel |1 -
Lube Viscosity @40C [c51] . 28 28 uset-definad lubricant Melting Practice [pick from fist] WIMVAR VIMAAR
Lube Viscosiy @100 C [e5........oeenee. 51 51 [57 1) Metalworking [pick from list] Forged Fings | Farged Fings 1 or M2 steel
Pressure Coefiicient of Viscosity [ 2/N] ... [0 0 IE Trrier Rrace Hardness [Rockel O] &0 &0 WiDorbieor -1 st
Lube Operating Temperature [C] ) B5 B5 B5 Outer Race Hardness [Rockwell C]. . . ] [ B2 BE-12 or CRB-7 stesl
Element CL& Roughness [micions]. . ........ [ |ooe 0.08 0.08 Element Hardness [Rockwell C]. . . . . 58 58 15| 4400 steel
Inner Race CLA Roughness [microns] ot (] ] Fewark [pick fom st ... ......... _Pewnlked @ L1 Reworked @ L1(|MS0 HIL steel
Duuter Rlace CL& Roughness [microns] S o1 o Stressed Volume Removed in Rework [%]. ... | B.00% B.00% e A7 el
Outer Race Flange CL4 Roughness [micions] . nia nia 01 Operating Tempsrature [degC] | [1o0 100 9310 or EESSESDD stesl
Fioller End Face CLA Foughness [micions] n/a n/a (] ‘wiater Content [ppm] 25000 45000 |aming, het pressed
Element-to-Race Friction Coefficient (] (] i Fiter Rating [microns] 4 4 alumina, cold pressed
Flange RollerEnd Friction Cosfficient. nla nla 01 Shaft 1.0 at bearing lacation [rmm] 1] ] silicon carbide
Tube Flow Rate [Mers/min] 2 z 2 Inner Race Maan 0.0, [mm] 55 54 ungsten carbide
— ficon riride
Lube Churning Factor [%] D |3.4062% 3.4062% 3E161% Inner Riace Tight Fit fam] ... 0052 0052 TOT
Apprasimate Masimum Hertz Stress [N/mm"2].. [ [1380 1300 1000 |
Fiesidual Shear Stiess at Crit. Depth [N/mm™2] 200 200 200

Notes on the Perform STLE Analysis' bax in upper left
- If checked, then you must specity all STLE paramsters [on this Tabl for all Bearings. STLE analysis wil be performed when you olick ‘Rur’
- ot checked, then the tabls of STLE parameters (on this Tab) is locked (1sad-only). STLE analysis wil not be performed when you olick ‘Run

[Lubricant Type - pick from the list, or enter a name and all properties for your own lubricant

staws: [Open /|

|Erement Material [pick from st status: Open |

1. System 2. Shaft 3. Bearings | 4. Fit-Up 5. Advanced b. Interactive
1.1. File Family 2.1. Shaft Sections 3.1. Geometry 4.1. Housing + Shaft | 51. Cage E.1. Roller Crown
1.2. General 2.2, Applied Loads 3.2. Lubrication | 4.2. Sleeves 5.2 STLE Analysis

2.3, Duty Cycle Analpsis | 3.3 Materials 4.3, Temperatures 5.3, Distartions E.3. Sensitivity Stud

2. Shaft

21, Shalt Sections
2.2 Applied Loads

2.3 Duty Cycle Analysis

5. Advanced
51. Cage

5.2 STLE Analysis
5.3. Distortions

1. System
1.1. File Family
1.2 General

3. Bearings
31. Georety

3.2 Lubrication
3.3. Materials

4. Fit-Up
4.1, Housing + Shat
4.2 Sleaves

4.3 Temperatures

6. Interactive
6.1 Roller Crovn
6.2 Skid Analysis

B3 Sensitivity Flludy

Beaig#1  [Bearg#2  [Beairg#3  [Beang B4 [Beaing 5 Gonsitivity Study |1 =] Tk . [Sersiity Suady F1 4
Bearing Typs [isad-only) ngular Cantact | Angular Contact || Cylindrical Folle
Murber of Elements iE] 18 Inpu - Result
Element Diametsr [mm] 11 111 7 Item Bearing ﬁm [Max_Hertz Stress [N/mm” 2] for Bearing #1
Contact Angle [deq] ] = n/a 23000
Fialler Length [mm] wa nia a5 Bearing # . [q =
[Outer Riace Shape (pick from lst). ... [] i - Parameter . . [Contact/Cup Angle ™ 22300
k-0 Frond Magitude frm] Unie \\k\\
Lube Temperaturs [deaC] 9 |55 &5 glhpn:aluuﬂ .
Tritial Load Estimate [N] [ i -Raint
B 22400
Skid Adjustment Factar [dimensionless] 1 7 ] Wt g
StepSize....... 2 22200 fimner]
"\7\\\
- 0% MominalValue . .[25 200
Results for Bearing #3 | Status Current Calc i e .| g
# COBRA-RHS 5.0 ROLLER BEARING SKID ANZ & Masimum Value . . [23 2180.0:
# InputFileSpec= 80%: - 3
# InputFileDate= Uuﬂ
& BroType— a F e / 9‘:| ‘-ﬁ_l_‘&\\
RRRAY 4 7 T %' Zian
¢ RadialLoad[N] %Epicyl g 2120
_57982+00 .
& T
\'\ 21000
20% 2080.0
s l\‘“-\kﬁﬂ o5 21 2 2 24 25 % prd 28 -]
_'_I 3 B = ContactCup Angle
L 300 400 500 €00 70D 800 900 1000 1100 1200
Date Modfisd: 2/13/2003 20:31:27 | e e [ # Run Sensitivity Study #1 | Status: [ Cument | [LostRun 2/13/2003 18:04.37

Outer Race Shape (click down-Arrow to pick from ist)

Status: | Saved él

[Sesect data to piot - click down-Arrow to pick from st

Status: |Saved /|

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




Integration with ANSYS FEA FOR DIMENSIONAL/THERMAL INTERACTION

Available in COBRA-AHS Full Edition

2. Shaft
2.1 8haft Sections
2.2 Applied Loads
2.3 Duty Cycle Analysis

1. System
1.1 File Family
1.2 General

3. Bearings 4. Fit-Up

3.1 Geometry 4.1 Housing + Shaft
3.2 Lubrication 4.2 Sleeves
3.3 Materials 4.3 Temperatures

onl

5. Advanced
5.1 Cage

5.2 §TLE Analysis
5.3 Distortions.

= A ] [=]

6. Interactive
6.1 Roller Crown
6.2 Skid Analysis
6.3 Sensitivity Study

Perform Fit-Up? (check if Yes) .. .. ~ Ecaring #1 Bearing #2

Bearing 53

Bearing 54 Bearing #5

Shaft |0 [mm] at bearing center

Shaft 0.0. [mm] at bearing center 56

Bearing Inner Race Mean C.D. [mm]

Bearing Cuter Race Mean LD, [mm] .

Housing .. [mm]........... ............. o

Housing 0.D. [mm]

Shaft Fitfmm]............oo

Housing Fit [mm]

Youna's Modulus of Shatt [MPa]

Youna's Modulus of Housing [MPa] 3

Poisson’s Ratio of Shaft

Poisson's Rati of Housing 3

Density of Shaft [gmicm*3]

Density of Housing [gmicm™3] @

Thermal Expansion Coeff. of Shaft [1/degC] . . ...

Thermal Expansion Coeff. of Housing [1idegC] . . | @ |0.0000123 0.0000123

0.0000123

Ignore rolling-element loads in Fit-Up calculation

Diametral Clearance [mm] input on Tab 3.1 0.001 0

0.01

Diametral Clearance Change [mm] per Thk. Ring -5.319584E-02 [5.716077E-02 |-2.170152E-02

Diametral Clearance Change [mm] per Ansys -6.923575E-02 (-6.363988E-02 |-1.945928E-02

Run Ansys te calc Diam. Clearance Change . ... R0 NSV

Diametral Clearance Change Option
@ usevalue calc'ed by Thick-Ring Theory

O usevalue calc'ed by Ansys

Notes:

Goto Tab 2.1 'Shaft Sections’ te edit the Shaft Material Properties.

Ifyeu check the 'Perform FitUp' bex, then you must specify all Fit-Up parameters (on Tabs 4.1, 4.2, and 4.3).
Shaft Material Properties are displayed read-only on this Tab, and are deemed to be identical for 2l Bearings

Click the black dot (or press F5) in the table above to enter COBRA's estimated or default value for these parameters.

\Chck this button to run Ansys to calc Diametral Clearance Change using finite-element analysis

Status: |Open

Ansys FtUp Analysis Options
Select the FitUp Analysis method to
calculate Diametral Clearance
Change of Bearing #2

1. Structural only (single-pass)
" 2. Thermal only (single-pass}

3. Structural+Thermal (single-pass)

@& {4 lterative Structural+Thermal {multi-pass
Convergence Criterion . . (0.0001

lteration Limit. ... ... ... 50
Damping Factor . ... .. .. 0.4
RBun Cancel

AnsysEngineOption=1

]

ANSYS Plot of Temperature Distribution of Duplex Pair of Ball Bearings with Spacers

19:50:21
ELEMENTS
TEMPERATURES
TMIN=181.884

=

CNNNNERRL

ANSYS Diagram of 3-Bearing Rotor System
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PROGRAM RESULTS INCLUDE:
Bearing Reactions & Load Sharing
Radial & Axial Spring Rates
Angular Spring Rate

Dynamic Capacity

System L10 Life, Bearing L10 Life
Bearing Stiffness Coefficients

Load Zones

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

Contact Ellipse Dimensions

Required Shoulder Heights
Lubricant Film Thickness

Life Adjustment Factor-Lubrication
Individual Element Outputs

Per Bearing Plots of 11 parameters
Heat Generation

Flat: IMax Hertz Stress [MPa] l far Bearlng I l

& SAMP02-FULL.CA-OUT 19[=] B3
Bearing Reactions and Displacements: ~ —4 §  °F° - 0F 7RO REEEOCE
Caution: These calculations do not include a contamination model.
Bearing No: 1 2 3 Adjustments for contamination will be added in a future release.
DN valus ézgﬂt?gf)@ LESDREFOT lADIEv07pR00Ee7 Life Adjustment Factors For TYZ as Decisive Stress
¥ Radial Reaction (N - 12135 04 - 94135 04 1355€-01 _
7 Thrust Reaction (N).. . -27 0000 g:m = 'fgggg*gé
Moment Reaction About - 42095 02 ioraE-0z  |1979-04 e aiaiEon
Moment Reaction About ¥ (N-mm].. 079, -152.4 -44.54 J zo= . i
Radia] iglig}:ﬁ:ﬂ:ﬂﬁ Emg TriS3E0R TriseiiTh: dieiEod Life adjustment Factors for TAU4s as Decisive stress
Axial Thrust D1sp1a:enent [( .5838E-02 .5838E-02 .5838E-02 - -
Tilt about X (radians). .. .11326-09  .11186-09  .1293E-09 e e
Tilt about ¥ (radians).......... .2032E-04  .1631E-04 -.3037E-05 e T iiion J
Lube / Life pata: Life Adjustment Factors for OCT as Decisive Stress
outer starvarion Factor.. 1.000 AIHOCT = - TED4E+OS
Inner starvation Factor.. 1.000 AZWOCT = - 9713E+00
Quter Thermal Factor... 6343 AWOCT = - 9748E+00
Inner Thermal Factor 6382
Film Thick - outer Race (micron) .5136 Life Adjustment Factors for DEH as Decisive Stress
Film Thick - Inner Race C'mcrun) L4775 .
Outer Race Lambda 3.208 ATHDEH = - T304E+05
Inner Race Lambda........ 2.983 AZWDEH = + 9713E+00
Outer Race Lube Life Fact 2.560 AWDEH = - 3748E+00
Inner Race Lube Life Factor 2.520
Reliability Life Factor (ai).... 1.000 - - - -
mMatl Life Factor (82)esevsvnnnss 1.373 Bearing # 2 stiffness Mmatrix ( N/mm ) & ( N-mm/radian )
unfactored O.R. L10 Life Chrs). 1986
unfactored I.R. L10 Life (hrs). 8115E-01 dx dy dz dalphx : dalphy :
Unfactored Brg. L10 Life (hrs). 6110E-01 -
Factored Quter Race Life (hrs). 5083 dfx .1301E+06:  .000DE+00:  .7986E+03:  .0DOOE+00: . 1043E+06:
Factored Inner Race Life (hrsj. 2045 dfy .0000E+D0:  .1301E+06:  .0ODOOE+0D:  .ODOOE+00: . O0DODE+00:
Factored Bearing Life (hrs)..... 2138 dfz .3646E+04:  ,0000E+00:  .87E7E+05: . 0ODOOE+00: -, 2350E+04:
dmx .0000E+00:  .0000E+00:  .00O0E+00:  .1074E+0&:  .0DOOE+00:
Unfactored System ufe (hrs) dmy .10496+06:  .0000E+00:  .3230E+03:  .0ODOOE+00:  .1074E+06:
Factored System Life (hrs)......
Edge Stress Life FE{EDF .............. . 8.0933E-24
| | ;l_l ll | Ll_l
[Fie Date: 7/24/2003 15:38:30 |File Destription: text output from main CobraAHS engine Status: [Current ;| | [Fie Date: 712412003 15:38:30 [File Description: texd output from main CobraAHS engine Status: [Current 4

-0 x|

B Output Plot #1 (0] %]
Plot:l Load [N/mm] 'l forBearing:Ilﬂ ‘l

630 I

5 outpu

IS[s] B

F'Iot Cage Force [M] 'I for Bearing: Ilﬂ 'l

1,800
/A\ |Salect a Plot Type - dick down-arrow to pick from Iistl Conlacl Angle [deg] /_\

1790F—————————%———% 1 0l I | s s s 4o 44 ¢4 6015 pinToRoll Ratio

Outer Race| \ [outer Race] \.\ Ball Excursion [mm] /' \
1.780 570 50{Min. Req. Shoulder Ht. [%]

/ ’A\‘\ \ Contact Outer Edge Angle [d \
1,770 401 Contact Inner Edge Angle [d—
/ / \ \ a0 Stiess Velocity [N/mm-s 4 \

1,760 I I I N

/1 7 AN o zo : 3

N o / }
1730 650 Inner Rac€| 0

-10
1.720 / \ P \

1710 a0 . [
Em \ AEEE

1690 g 1 50 \ )‘
1.680 /’/ £0 \

1670
]

| EavEE
f’

E40

B20 -0
360 [} 10 15 20 1] a0

Lamina Number

30 180 270
Location of Roling Element [deg CW from TDC]

180 270
Location of Roling Element [deg CW from TDC]

Status: |Current /d

360

|P|nt File Date: 7/24/2003 15:38:30 ’— |PID‘t File Date: 7/24/2003 14:52:09 |— |P|D‘t File Date: 7/24/2003 14:52.09 |—

Status: |Current Z Status: |Current A

SYSTEM REQUIREMENTS:
IBM-compatible PC; 32-bit or 64-bit Windows Operating System (Windows 7, 8, 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.
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