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Tutorial: Calculation of a planet support
with cylindrical roller bearings

A helical planetis supported by four cylindrical roller bearings. Because of the helical geararadial
load and a momentload has to be supported by the bearings.
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Bearing geometry

The bearinggeometry fora cylindrical roller bearing N311is providedinthe following table:

ltem Formula | Value Unit
Innerdiameter d 55 mm
Outerdiameter D 120 mm
Width B 29 mm
Numberof rollers z 13
Rollerdiameter Dw 18 mm
Length of roller Lwe 19 mm
Pitch diameter Dpw 87.5 mm
Dynamicload capacity C 159 kN
Staticload capacity Cco 139 kN
Fatigue limit Cu 19.1 kN
Bearingclearance CN
Bearingtolerance PO
Shafttolerance k6
Housingtolerance M7

Pitch diametergear dhe 150 mm
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By selectingthe tab correspondingto the page “Bearing geometry”, the geometrical input will be
entered. Now click on the drop-down liston the leftin orderto choose the desired type of bearing,
for this case “Cylindrical roller bearing”. Using the “.’-button behind the bearing selection, we can
choose the type of “Configuration” fromthe drop-down list. Click on “N” and press OK. To proceed
withthe requiredinput data, “Enterinner geometry and load capacity” must be selected fromthe
drop-down liston the upperright side of the page.

{ Y
{11 Options for selected bearing type ﬁ

[ Bearing inner ring is shaft
|:| Bearing outer ring is housing
[ calculate load capacity for hybrid bearings

Configuration

Mumnber of sections for roller

C

| General | Bearing geometry Bearing configuration | Material and Lubrication Loading I Track roller |
Cylindrical roller bearing - |[Eﬂt€f inner geometry and load capacity -
Inner diameter d 55 mm  Dynamic load number Cr 153 kM
Outer diameter O 120 mm  Static load number Cor 139 ki
Width B g mm  Fatigue load limit Cur  19.1 kM
Mumber of rlling elements 7 13 Bearing dearance ISO 5753 - CN - ]
Diameter of roling elements Dw 18 mm Diametral clearance Pd  0.055 mm
[~ Bearing tolerance 150 432 - PO - ]
Fitch diameter Dpw 87.5 mm || ¢
Fit to shaft k& 2
Effective length of roller Lwe 19 mm
Surface roughness shaft Rz 4 prm
Shoulder diameter inner ring dsi 80,3 mm
Shaft inner diameter dsi 0 mim
Shoulder diameter outer ring dSe 94.7 mim
Fit to housing M7
Surface roughness housing Rz 4 prm
Housing outer diameter dhe 150 mm

The user can eitherautomatically obtain the Pitch diameter, Dpw (Dpw =(50+80)/2 = 65mm), when

clickingthe button™ , orenteritmanually.

The pitch diameterof the gearis used for the outerdiameter of the housing. Now all the geometry of
the bearingis givenand both the “Shoulderdiameterinnerring dSi” and “Shoulderdiameterinner
ring dSe”, as well as the “Diametral clearance Pd” will be shown after running the software.
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Bearing Configuration

As we have fourbearings, we entertheir positions on the tab page “Bearing configuration”. The
amount of bearings can be added using the =F_button on the bottom rightcorner. We wantto set
the configuration’s origininthe middle of the four bearings, so the distance of the two first bearings
fromthe originis half of the bearing width, i.e. B/2=%14.5mm, and the one of the outerbearings,
B+B/2=%43.5mm.

| General | Bearing geometry | Bearing configuration | Material and Lubrication Loading Track roller

Consider group of bearings

Pasition [mm]  Awial Offset [mm]

1 -435 0
2 -145 0
3 145 0
4 435 0
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Loading

The loadingisimposed by the gear. We have a radial force of Fz= 40kN and a bending moment of Mz
=800 Nm. Note that a pair of forcesin axial direction are responsible forthe moment, not the given
radial force. The speed of the innerrace is the speed of the planet carrier. This speed should be ni =
500rpm. The outerrace rotates with the planet. So ne =-1000rpm which resultsin a relative speed of
1500rpm. So press now on the tab “Loading” and enterthe data as shown:

| General I Bearing geometry | Bearing configuration I Material and Lubrication | Loading | Track roller |

Axial load Fx 0 M ) Displacement ux 0 rm @)
Radial load Fy 0 M @ Displacement uy 8.57967e-05 mm ()
Radial load Fz 40000 N @ Displacement uz  0.0364158 mm )
Moment My 0 MNm @ Rotation angle ry  -0.00297589 mrad )
Moment Mz 300 MNm @ Rotation angle rz  0.58841 mrad )
Speed inner ring ni 500 rom [] Inner ring rotates to load

Speed outer ring ne  -1000 rpm Quter ring rotates to load

Temperature of shaft Ti 20 °C  Temperature of housing Te 20 C

Result overview

Basic reference rating life L10r 2854.51 Basic reference rating life L10rh 317156.7 h
Modified reference rating life Lnmr 17515.4 Modified reference rating life Lnmrh 195726 h
Maximal pressure pmax 1497 MPa Static safety factor SF 713964

Entering these values and runningthe calculation we willget aresultinglife L10rh = 31716h.

Afterrunningthe software (presson theié}’—button), we will realizethat the bearings on the leftand
the right will take alargerload than the centerbearings, as can be seen eitherinthe chartat

“Graphics”->“Contact stresson roller” orin the report, by pressingonthe 25 -button.
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Contact stress on roller

Contact stress [MPa)

Contact stress on roller

=307
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Axial position [mm]

Number|Fx [kN] ux [mm]|Fy [kN] |uy [mm]|Fz [kN] |uz [mm]| My [Nm]|ry [mrad]| Mz [Nm]|rz [mrad]|pmax [MPa]|SF

1 0 0.0000 |-8.37163|-0.0257 |11.8121(0.0363 |4.13 -0.00 |6.07 0.59 1459.64 7.51
2 0 0.0000 |-1.92951|-0.0086 |8.18601|0.0364 |1.47 -0.00 |2.22 0.59 1228.60 10.60
3 0 0.0000 [1.96474 |0.0084 |8.19436|0.0365 |-1.59  |-0.00  [2.22 0.59 1231.08 10.56
4 0 0.0000 (8.33641 |0.0255 |11.8076|0.0365 |-4.08 |-0.00  [6.23 0.59 1497.00 7.14
Note that this calculation assumes arigid shaft and housing, so the real loading on the outside
bearings should be alittle different.

In the report we also find the pressure between shaft, bearingand housing:

Pressure between inner ring and shaft pFitShaft 11.114 MPa
Pressure between outer ring and housing pFitHousing 0.9324 MPa

Since the outerringis rotating to the load it should have astrongerfitthan the innerring. The
interference of the outerring should be increased; the interference of the innerring should be
decreased.
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Since the loadingis quite small, the subsurface stresses should be no problem. We canseeinthe
graphicsthat a hardness depth of 0.4mm would be enough forthe highestloaded contact.
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The load zone forthe bearingsis relatively small. Itis only about 140°.

Selecting “minimal clearance” on the tab page “General” and runningthe software, the load zone
increases to 200° and the life L10rh to 64000h.

General | Bearing geometry I Bearing configuration | Material and Lubrication I Loading I Track roller |

m GSl.JMS Rolling Bearing Calculation

Calculation of load distribution and reference life for roling bearings considering 150/T5 16231 and MREL/TP-500-42362

Project name

Calculation description

Settings
Limit for alSO als0OMax 50 Reliability 5 ag %%
Friction coefficient y 0.1

Calculation for minimal dearance

[ Calculate lubricant fim thickness Calculation for medium dearance

Consider centrifugal force Calculation for maximal dearance
== ¥
Calculate required hardness depth Calculate modified life
se fatigue streng r hardness dep se extended method for pressure distribution
[¥] Use fati trength for hardness depth Fu tended method fo distributi

Required subsurface safety Ssmin 1
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Contact stress on roller

@ Contact stress
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Therefore furtherreducing the clearance could improvethe life, but this has to be done under

consideration of temperatures which also influence the clearance.

The change from medium clearance to minimum clearance reduces the angle rzfom 0.59mrad to

0.24mrad. This can affect the contact pattern between the gearsand therefore isimportantforthe
lead modifications of the gear.

For maximal clearance lifereduces to 21901h and the angle increasestorz= 0.8mrad. So justthe
positioninthe tolerance field influences both the lifeand the tilting angle by a factor of three or

more.
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Comparison with MESYS Shaft Calculation

It is noteworthy to compare this example with the output from the MESYS Shaft calculation in order
to take into account non-rigid conditions for both the pinand the bearing’sinnerring.

Hereis the output for the bearing calculation:

Number|Fx [kN] ux [mm]|Fy [kN] |uy [mm] Fz [KN] [uz [mm]| My [Nm] ry [mrad] Mz [Nm]|rz [mrad]|pmax [MPa]|SF
1 0 0.0000 |-8.37163|-0.0257 [11.8121|0.0363 |4.13 -0.00 6.07 0.59 1459.64
2 0 0.0000 |-1.92951|-0.0086 |8.18601|0.0364 |1.47 -0.00 2.22 0.59 1228.60
3 0 0.0000 |1.96474 |0.0084 |8.19436|0.0365 |-1.59 -0.00 2.22 0.59 1231.08
4 0 0.0000 |8.33641 0.0255 |11.8076|0.0365 |-4.08 -0.00 6.23 0.59 1497.00

Number |x eC |alSO |Pref [kN]|L10r Lnmr |(L10rh [h] Lnmrh [h]
1 4.17/0.55/5.74 |11.66 6061.62|34821.7167351.3 |386908
4.17/0.55/14.16|7.05 32386.2|458693 |359846 |5.09659e+006

2
3 4.17/0.55(14.05|7.08 31978.7|449386 |355318 |4.99318e+006
4 4.17/0.55(5.68 |11.74 5917.88|33592.4|65754.3 |373248

We will compare itin turn with two posible conditions in the MESYS Shaft Calculation, on one hand
we suppose that the shaftis supported against tilting:

| General | Geometry I Loading | Supports | Sections | Settings |

Support x=0, 'PL1’ [Support -
Rolling bearing x=46.5, 'Bearing 1'

Rolling bearing x=75.5, 'Bearing 2' Name PL1

Rolling bearing x=104.5, 'Bearing 3 ' N

Rolling bearing x=133.5, 'Bearing 4' EToTe % 0 mm
Support x=180, 'PLZ' Shaft is supported radially

Shaft is supported axially to the left
Shaft is supported axially to the right
Shaft is supported against ﬁlh'ngl

[] shaft s supperted against torsion

Bearing offset g. 0 mm
Bearing offset g, 0 mm
Bearing offset 0: 0 mm

Mame L10rh [h] pmax[MPa] SF Fx[kN] Fy[kN] Fz[kN] Mx[Nm] My[Nm] Mz[Nm]
4 Pin
PLL 0000 5806 19999 000 74440 12556 -
Bearing 1 37114 | |1581.62 640 0000 -8397 -13.695 0.00 835 885 o
Bearing 2 571426 | |1178.20 11530000  -1463 -65234 000 257 190 E
Bearing 3 547807 | |1192.66 11250000 1332 -65443 000 2.27 1.76 v
Bearing 4 34766 | |1634.91 599 [0.000 8585 -13.627 000 8.56 8.27 I
PLZ 0000 -5.896 20001 000 74461 12759 i
Planet Shaft (Planet Gear) &
q] i | v |
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Andon the otherhand, we suppose that itis not:

Mame L10rh [h] pmax[MPa] 5F  Fx[kM] Fy[kMN] Fz[kM] Mx[Nm] My [Nm] Mz [MNm]

4 Pin
PL1 0.000 4400 20000 000 0.00 0.00
Bearing 1 26445 1667.63 575 |0.000  -B.540  -15435 0.00 -14.14 10,70
Bearing 2 1435689 | 1067.88 14.03)0.000  -1.033  -4.527 0.00 -281 146
Bearing 3 1405876 | 1077.68 13.78|0.000  1.014 -4638 0.00 285 1.49
Bearing 4 25761 1691.76 559 |0.000 8616 -15400 000 1411 10.39
PL2 0.000  -4.483 20,000 000 0.00 0.00

Planet Shaft (Planet Gear)
' m | r

Having a glance at these highlighted results, the user quickly realizes how important this factis for
the bearing’‘s dimensioning.
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Itisalso worth mentioning that the asymmetric “pmax [MPa]” distribution between the four
bearings has to do with the roller’s position in the different bearings. Since we have bearings with an
odd number of rollers, i.e.z=13, sujecttoa Mz loading, the resultant force distribution onthe rollers
at the firstbearing will be abitsmallerthan at the fourth bearing. As we can see the at the figures,
the rollers with more pressure of the fourth bearing are located at the upper half, whichis coincident
with the part with less number of rollers, so this way, the maximum pressurereachedintherolleris
alittle bithigher. Atthe first bearing, the situation is just the opposite.

View from the first bearing location:

Upper half

Lower half

View from the fourth bearinglocation:

Upper half

Lower half




