KISSsoFT

Calculation programs for machine design

Bearing reliability calculation

System level bearing life vs. reliability, KISSsoft
release 03-2017

EES KISSsoft GmbH
Hauptstrasse 7

6313 Menzingen
Switzerland

Tel: +41 41 755 33 20

h.dinner@EES-KISSsoft.ch
www.EES-KISSsoft.ch

SHARING KNOWLEDGE




1 Document information

1.1 Document change record

Revision Date Author Comments
0 15.5.15 HD Original document

1.2 Table of content

R BT Tt 0 o=t oL T a1 o] 1 0 =T o O PP PRPRRI 2
1.1 (Do o104 g =T0) Aol g F=TaTo [T (=Tt o] o PRSP 2
1.2 LI 0] (530 ot 1 (=] o | RS RSTSR 2
1.3 RETEIEINCES ...ttt ettt e e s et b et e e e bbbt e e s eab bt e e e e a bbb e e e s anbbe e e e enbbeeee s 2

2  Bearing reliability of a industrial gearboX Shaft...........ccooiiiiiiii e 3
2.1 BasiC MOl Of SNATL.........eiiiiiei e 3
2.2 Y Eo Vi d o TUT | IS 4 oV PRSP 4
2.3 Finalizing the Shaft MOGEI ........cooo e e e e e e e etaaeee s 6
2.4 Calculation Of the SNaft.........oo e e e es 7
2.5 Bearing reliability ...........oovieiii s 8
2.6 Variation of bearing reliability ..........coooiiiiiii 11

3 Bearing reliability of a complex vehicle transmission shaft SYyStem .........ccccccviiiiiiiiie e 13
3.1 LS ettt b e bt e h b e b e oo be e e aabe e e ehbe e e beeeenbeeeanbeeeanbeeeraeaan 13
3.2 RENADIIILY CUIVES ...ttt ettt e et e e es e e e eaee e e eeeeenteeeemeeeennneaans 13
3.3 Design change for higher reliability ... 14

1.3 References

[1] KISSsoft 03-2017A

2/14



2 Bearing reliability of a industrial gearbox shaft

2.1 Basic model of shaft

Let us use two SRB, a pinion and a gear on the shatft.
The shaft has a speed of 205RpM and a power of 400kW is transmitted.
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Modules Projects Elements-tree '
Manual a8 x
p=— ks
> Toothing =
> shafts and B
> Commectans = “| ¢
> Springs
> Bl and s Farce and support syl size ] — ] z
> Various
> KISSsys Shafts. 2]
> Bibliography and Index
Label ¥ [mm] Operating temperature [%C] Speed [1fmin]  Speed Direction of rotation  Material  Display
1 B shaft 1 0.0000 20.0000 205.0000 Basic ... dodkwise C45(1) Yes
T X
Manusl  Search  Examples Results ~ Information  Messages  Graphicslist  Elements-editor
INCONSISTENT
Change the shaft material to 18CrNiMo7-6. Either in the table shown below:
| Shafts
Label ¥ [mm] Operating temperature [*C] Speed [1,min] Speed Direction of rotation Material Display
1 OB shaft1 0.0000 20,0000 205.0000 Basic ... cockwise 18CrNiMo7-5 Yes

Or in the element editor

Label [shaft 1 | =
Drawing number |Input. . |

Paosition in global system ¥ | 0,0000 | mm

Operating temperature T | 20,0000 | oC

Ambient density o 1.2000 | kg/m?

Speed n | 205.0000 | 1/min [

Direction of rotation |dod<wise hd |

Material | 18CrNiMo7-6, Case-carburized steel, case-hardened hd | lE‘

See file “Demo-Shaft-01-Step-01.W10”
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2.2 Shaft rough sizing

Use the shaft rough sizing function with the below settings:

o
e

General data

Equivalent stress [+ M

200.0000 | M/mm2

[ change orly cylinder diameters

Rolling bearings

] Consider bearings in sizing

Required service life N, 20000.0000 | h

[#] Match shaft diameter to bearing bare
[] Use bearing types as defined in model
[] Move bearing if needed

A message appears

Error in message ressources. Invalid ID (2/2)

The proposed shaft and bearing geometry is then:
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>

>
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KISSsys
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Shafts. =

Label ¥ [mm] Operating temperature [C] Speed [1min]  Speed Direction ofrotation  Material  Display

1 dB shaft 1 0.0000 20.0000 205.0000 Basic ... dockwise 18CrNi... Yes

LI

Manual  Search  Examples Results  Information  Messages  Graphicslst  Elements-editor
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See file “Demo-Shaft-01-Step-02.W10”

To work faster, change the display by removing
- Symmetry line
- Coordinates system
- Shaded view

Show coordinate system
Display symmetry line
Show automatic dimensioning

Movable forces and supports

~  Display reference cone apex
Display shadowed

. Zoomin +

‘=, Zoom out =

5 Fit window

il Saveas..

o Print...

Change the shaft color to something more pleasant:
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B tree

~ OB shaft1 )
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> BEc Sizing 3
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Hue: Red: |235 El

Custom colors
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| Add to Custom Colors | mM“EEEIIIIIII

[ o< ]| coneel |

See file “Demo-Shaft-01-Step-03.W10”

Delete the cross sections A-A to D-D as we do not need them right now.
¥ |Cross sectinns.

0 a Add v
==l Set critical cross sections
o c

oo Sort

2.3 Finalizing the shaft model

Change the shaft elements diameter and length to get a more reasonable design. Move the gear and the
pinon accordingly. Add relief grooves and others.
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Manual B X

General Label ¥ [mm] Operating temperature [°C] Speed [1/min] Speed  Direction of rotation Material  Display
Toothing
Shafts and Bearings 1 0 shaft1 0.0000 20.0000 2050000 Basic ... dockwise 18CrMiL.. Yes

>

>

>

> Connections

> Springs

> Belts and chain drives
> Automotive

> Various

> KISSsys

> Bibliography and Index

LI
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See file “Demo-Shaft-01-Step-04.W10”
For the strength rating of the shaft with the changed geometry, select:

B RightsRE

& LEILDRD ‘ ‘
iCross sections

i
Add L4

- Sort
lodules Projects Elemer

Delete all
nual

2.4 Calculation of the shaft

Finally, run the calculation. You will see
- The critical shaft cross sections A-A to F-F
- The bearing life > 20°000h
- The shaft safety factors > 1.20
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Force and support symbal size ]| " Fontsize ] =
Modules  Projects  Elements-tree
Results & x
Manual B x R
> General Results
> Toothing maimum deflection 151.04 pm
> Shafts and Bearings maximum equivalent stress 132.08 Nimm?
> Connections minimum bearing service ife 2014448 h
> Springs minimum static bearing safety 523
> Belts and chain drives minimum fatigue saf 122
> Automotive oty 304
: Various Safeties Results [%]
N ?;i?rsa oy and Idex Fatigue static Fatigue static
A 122 334 101.43 278.22
B-B 125 3.04 10439 25323
c-c 214 6.00 178.26 50026
D-D 218 433 18204 365086
E-E 2.44 663 20351 55283
F-F 269 334 22454 278,18
Bearing serviq life 50 Lnh
Left SRB 523 20144 h
Right SRE 598 202531
Bearing reaction force C Y z -
Manual  Search  Examples Resuts  Information  Messages  Graphicslst  Elements-editor
CONSISTENT

See file “Demo-Shaft-01-Step-05.W10”

2.5 Bearing reliability

Go to the below shown graphic

.eport | Graphics  Extras  Help
%A

af = |
o Rdwbems gy |

Tooth trace modification ¥ |
N Load distribution L -

Deformation {elastic rings)

Close

e Stress distribution on raceway

Stresses beneath the contact area
Pressure curve

Pressure curve for each rolling body

Stiffness curve .
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Reliahility '|E| 5 \EE% ‘Ej L;,' IJ?'_J TJ )EJ
£ E Property value
EE Font size 10.00
= — Shaft 'Shaft 1', Rolling bearing 'Left SRB ™ Coordinate system
100 S —— Shaft 'Shaft 1', Rolling bearing 'Right SRB v service life user-defined
%0 N — Configuration from 3000.0000
to 1000000.0000
80 — Unit h
v Reliability automatic
—_ 70 — from 0.0000
QQ to 105.0000
E: 60 LAY unit %
= \ Legend True
ﬁ %0 \ v Grid True
T 40 ANEAY Color light aray
o Type of line dotted
30 — \ Line width ]
™ shaft 'shaft 1, Rolling bearing 'L True
20 LYY Color M orange
\ [Tipeofine .
10 N Line width 2
0 ™ Shaft'shaft 1, Rolling bearing ' True
! ! HERRRN "l Color M biue
\?‘ \& @ Tvpe of line continuous
Line width 2
Service life [h] ™ Canfiguration True
Color T turquoise
Type of line continuous
Reliability 93.0 % 1 Service life system 5692 h Line width 2
L P D Reliability

Lmax: Bearing with the highest attained lifetime

Note

- Setthe x axis to 3'000h ... 1'000°000h

- Recommended line width is 2
- Activate grid and legend

- The two reliability lines for the two bearings are almost identical because the two bearings have

almost identical life.

Explanations

- Lmin is the achieved lifetime for the failure probability as defined in the module specific settings (by
default, this is 10% or 90% reliability):
- The system reliability is currently 99% and then, a life of 5692h results. The system target reliability
can be defined in the module specific settings as shown below
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Caloations: Rolling bearings Shaft editd

Gerlesal
[ pisplay critical bearing

[] save user defined bearings in calculation file

[] Enter impurity in each bearing separately
[ pefine number of slices for roller bearings

90— i |

Failure probability n 10.0000 | %
F‘w . 2000000000 | h
Maximum life modification factor O1zomay 50,0000 |

Surface roughness of housing

Friction

Calculation method

[ Take oil level into account

Oil level ™
Lubrication

Seals torque loss

Bearing manufacturer

1 Fac & msk & ma
] Timken [ skF ] koyo
(A nacHT

[N7 Rz=8.0 (Turned with diamond)

M |

|3KF catalog 2013

M |

0.0000 | mm

|0l bath lubrication

M |

|SKF main catalog according to chosen calculation method |

[ 1BC

B krw

Calculations Rolling beatings Shaft editor

General
—

[ Mondinear shaft

[ consider deformation due to shearing

[ Use alternative Campbell diagram algorithm

[ Activate force center point offset

[ use 2013 solver

[ write temporary results in CSV files with extension .tmp
Reference temperature Te
Reference point for thermal expansion Ye

Shear correction coefficent K

Standard radius at shoulders rs

20,0000 | =C

0.0000 | mm

11000 |

0.0100 | mm

2

Required system reliability

99.0000 | %

PO TS T T
[ 1terative load distribution calculation

Mumber of slices

Strength
Entry for different numbers of load cydes (fatigue strength)
Bending: torsion relationship (x: 1)

1.0000

Only reliability curve for left bearing shown
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‘Rﬂlablhty v |
E E Property Value
EE _ ) Font size 10.00
= — Shaft 'Shaft 1', Rolling bearing 'Left SRB ™ Coordinate system
100 e v Service life user-defined
from 3000.0000
0 to 1000000.0000
80 Unit h
v Reliability automatic
—_ 70 — from 0.0000
i 6 to 105.0000
Unit ki
E Legend [ True
% 50 v Grid [ True
T 40 Color light gray
o Type of line dotted
30 — Line width ]
\ ™ shaft'Shaft 1, Roling bearing L[] True
20 \ Color M orange
10 \ Type of line continuous
Line width 2
0 . . B ™ shaft'shaft 1, Roling bearing' . [] False
! Color M blue
& & Q,h Type of line continuous
i N b Line width 2
Service life [h] v .
Color T turquoise
Type of line continuous
Reliability 93.0 % 1 Service life system 5692 h Line width 2
Lmin: Bearing with the lowest attained lifetime = RSl L
Lmax: Bearing with the highest attained lifetime
< >

[Reliabilty ]
ER Broperty
EE Font size
=~ — Shaft 'Shaft 1', Rolling bearing 'Right SRB ~ Coordinate system
100 —— v Service life user-defined
from 3000.0000
0 to 1000000.0000
80 Unit h
¥ Reliability automatic
— 70 — from 0.0000
QQ to 105.0000
E: 60 \ Unit %
2 %0 Legend B True
ﬁ v Grid [ True
T 40 Color light gray
[~ 8 Type of line dotted
30 — \ Line width ]
™ Shaft 'shaft 1, Rolling bearing 'L False
\
20 \ Color M orange
\ Type of line continuous
10 Line width 2
0 ft ', Rolling bearing ... H
T TT

&

Service life [h]

Reliability 99.0 % : Service life system 5692 h

Lmin: Bearing with the lowest attained lifetime
Lmax: Bearing with the highest attained lifetime

Type of line
Line width
™ Configuration
Color
Type of line
Line width
D

continuous
2

[ False

7 turquoise
continuous
2

Reliability

2.6 Variation of bearing reliability

Let us define that we want a system reliability of 95%.
And for some reason, let us use a bearing on the right side with a higher inner diameter
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Calculations Rolling bearings Shaft editor
General
[ nondinear shaft
] Consider deformation due to shearing
[] use alternative Campbell diagram algorithm
[ Activate force center point offset
[ Use 2013 solver
[ write temporary results in €5V files with extension .tmp

20.0000 | °C

0.0000 | mm

1.1000 |

0.0100 | mm

Reference temperature Tz |
Reference point for thermal expansion Ve |
Shear correction coefficent K |
Standard radius at shoulders rs |
Node density |norma|

Required system reliability |

95| %

Tooth trace modification

[] tterative load distribution calculation

Number of slices |

Strength
Entry for different numbers of load cydes (fatigue strength)

Bending: torsion relationship (x: 1) |

1.0000

ok || cencel |

We then find the system life at reliability of 95% at 11’886h and the below reliability curves.

=5 EEEY TR
Property Value
Font size 10.00
¥ Coordinate system
é g v Service life user-defined
- — Shaft 'Shaft 1', Rolling bearing 'Left SRB i 0G0 0660
100 = — Shaft 'shaft 1', Rolling bearing Right SRB to 1000000.0000
90 - \;\\ — Configuration Unit h
N\ N ~ Reliability automatic
80 N from 0.0000
— 70 \ to 105.0000
& Uit %
= 60 Legend ] True
E 50 \ ~  Grid ] True
o Color light gray
& 40 \ Type of line dotted
30 Uy \\ Line width 1]
\ ~ Shaft'Shaft 1, Reling bearing Left SRE ] True
20 A Color M orange
10 A \\ Type ofline continuous
0 i - \ Line width 2
“ Shaft'shaft 1', Rolling bearing Right SRE [+ True
N,a‘ \? 'yg, Color M blue
senvice life [h] Type of line continuous
Line width 2
~ Configuration ] True
Color ¥ turquoise
Type of line continuous
Reliability 95.0 % @ Service life system 11886 h Line width 2
D Reliability
Lmin: Bearing with the lowest attained lifetime
Lmax: Bearing with the highest attained lifetime

See file “Demo-Shaft-01-Step-06.W10”
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3 Bearing reliability of a complex vehicle transmission
shaft system

3.1 Files

For this demonstration, use the file as shown below which is part of the software installation:

Bils shafts 7 (truck transmission)

3.2 Reliability curves

Open the file and run the calculation. Open the graphic for bearing reliability. You will get the below shown
results and the curves.

Note that the reliability curves are based on the most complex bearing rating method activated. In the below
case, all four rating methods (basic rating, modified basic rating, reference rating and modified reference
rating are shown, hence, reliability curves are based on modified reference rating).

P-P 0.96 0.66 80.36 55.20 o
Q-0 1.69 336 140.45 280.32
R-R 217 4.64 181.24 386.40
Bearing service life 50 Lnh Lnmh Lnrh Lnmrh pmax_i
b1 270 85h 41h 12h 3h 4780 N/mm™
b3 5.24 269 h 161 h 619 h 378 h 2141 Nimm™
b3 5.43 2536 h 4300 h 5486 h 7341 h 1910 Nimm™
b3 1231 21170 h 78032 h 17330 h 25910 h 1667 N/mm*®
b1 4.42 243h 168 h B11h 4T h 2178 N/mm? —
b2 1.47 20h Gh Gh 1h G297 N/mm™
krh1 9999.99 = 1000000 h = 1000000 h = 1000000 h = 1000000 h 0 Nimm®
brh2 10,92 TG h 1625 h 1993 h 3722 h 1434 Nimm*
bz 10 177 = 1000000 h = 1000000 h = 1000000 h = 1000000 h 11520 Mimm*
bz4 6169.86 = 1000000 h = 1000000 h = 1000000 h = 1000000 h 106 MN/imm®
bzb 6721.62 = 1000000 h = 1000000 h = 1000000 h = 1000000 h 82 Nimm®
bz 937765 = 1000000 h = 1000000 h = 1000000 h = 1000000 h 109 N/imm*
bzr 6747.38 = 1000000 h = 1000000 h = 1000000 h \ = 10000000 J 99 Nimm®
Bearing reaction force Component x Y z Rxz
b1 F 29257 kN 13.273 kN -39.208 kN 48920 kN |
M -420.758 Nm 0.000 Nm -383.729 Nm 569.461 Nm
[Relabiity -] [ﬁ =
c s
E £
= = —— Shaft Tnput shaft’, Rolling bearing 'b1
100 E=Ry i —— Shaft 'Main shaft', Rolling bearing 'b3
90 — Shaft 'Output shaft', Rolling bearing 'b8
A ) — Shaft 'Output shaft!, Rolling bearing 'b9
80 — \ E — Shaft 'Output shaft’, Rolling bearing 'b91
— 70 \ — Connecting rolling bearing 'b2
2 : \ — Connecting rolling bearing 'brhi
E_‘ 60 | \ i — Connecting rolling bearing 'brh2
= . | — Connecting rolling bearing 'bz10
% 50 i \ T ":'\ : — Connecting rolling bearing 'bz4
T 40 I — Connecting rolling bearing 'bz6
o \ “ i l% — Connecting rolling bearing 'bz8
30 — [t — Connecting rolling bearing 'bzr
20— '.‘ | — Configuration
10 H
) 2
0 T T T TTTI L
AR R AR AN
Service life [h]
Reliability 90.0 % : Service life system 1.2h
Lmin: Bearing with the lowest attained lifetime

max: Bearing with tne highest attained lifetme
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We can see from the results table that bearing b1 has only 3h life and bearing b2 has only 1h life. These two
determine the system life.

See file Demo-Shaft-02-Step-01.W10

3.3 Design change for higher reliability

Now, we can change the design in the critical area. Left: old design. Right: new design.

When we re-run the calculation with the new design, we now find a change in the reliability curves:

[Relabilty HE & E:—% - 9
£ &
5 5 — Shaft Input shaft', Rolling bearing ‘b1
100 — Shaft 'Main shaft', Rolling bearing b3
50 A —— Shaft 'Output shaft’, Rolling bearing b8
— Shaft 'Output shaft’, Rolling bearing b9
80 — | | \ \ — Shaft 'Output shaft’, Rolling bearing 'b91
70 & I —— Connecting rolling bearing 'b2
) | \ —— Connecting rolling bearing 'brhi
= 60 i | Connecting rolling bearing 'brh2
= \ \ \ — Connecting rolling bearing 'bz10
5 50 ‘& | 1 —— Connecting rolling bearing 'bz4
T 40 | | Connecting rolling bearing 'bzé
@ 8 : i — Connecting rolling bearing 'bz8
30 — : L \ \ : — Connecting rolling bearing 'bzr
| : — Configuration
20 \ | W ¢
10 i
0 m m T T

S D @ A &
RGN N .\‘é" .\3?‘ .35" PRI
Service life [h]

Reliability 90.0 % : Service life system 27 h

PR,

Lmax: Bearing with the highest attained lifetime

See file Demo-Shaft-02-Step-02.W10
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