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Tutorial: Calculation of paired angular contact bearings
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Bearing geometry
FoX15E#MZ(7010C) DT YT HARE . ROKITTRLET :

Parameter | Value Unit
Inner diameter d 50 mm
Outer diameter D 80 mm
Width B 16 mm
Nominal contact angle o 15 °
Dynamic load capacity Cr 28.2 kN
Static load capacity COr 20.2 kN
Fatigue limit Cu 1.1 kN
Pretension Fpre 42 kN
Tolerance P4
Tolerance shaft K6
Tolerance housing H6
Cage frequency at 60rpm fc 0.435 Hz
Damage frequency inner ring at 60rpm| fip 10.733 Hz
Damage frequency outer ring at 60 rom| fep 8.267 Hz
Damage frequency rolling element at| frp 7.319 Hz
60 rpm

NEDRTIU T T—REREICAFTE A—D—MDIRBSNATVET, XTIV T DOFGEHE
T BIZIF. RERKDEMT —42%EA—H—IZBHNEHEHERITLELD,

Bearing geometry IR—IIZxt T 248758 IRT 5L RYDZFAFMANINZESINETS, T E
ROV TEOUYRARED )Y ILT, COBAEDI7oXaSEFHMZ IDFATORT )G H#EIRLET,
WHELGANT—EFANTBRIZIE. R—COALIZHEROYTE I AWM STEnter inner geometry | %35
RLET,

d.D.BZA AL, Dpw D T RAVED)vIT B &, EwFE Dpw(Dpw =(50 + 80)/ 2 = 65mm) & B ERY
[/ TEET,
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Gengr_au Bearing geometry Bearing configuration | Material and Lubrication Loading I Track raller

[AngL.llar contact ball bearing - ] B lEnber inner geometry -
Sriner dismeter g 50 mm | Dynamic load number Cr 0 kM
Outer diameter o 80 mm | 5tatic load number Cor o kM
Width B 16 mim | Fatigue load limit Cur 0 ki
Mumber of raling elements # a Bearing clearance User input as operating dearance » I
Diameter of roling elements Dw 0O mm lZl Auial dearance Fa 0 I E
Pitch diameter Dpw B85 mm D

Contact angle ap 15 & EJ

Conformity inner ring fi U 52

Conformity outer ring fe U 53 g

Shoulder diameter inner ring dsi 0 mm E]

Shoulder diameter outer ring die 0 mm EJ

BHEEEEICDUNTIE, ISO/TS 16281 (2L BN fi=0.52, 4V i fe=0.53 ZF{FELVET,

ERERDER 2 =19 &R—)LERE Dw=8731 (X EBERAREEFE > T\ I TSI URTERELGERE
LTROBNET . SHETIICE. DWw AN DO =RAVERT ERY T TV T I ORI BEES . A
NT—8%ANL "SHE" . OKZHWLTO1UROZERALET,

rm Calculate Z, Dw from frequencies ﬂ1
Speed of inner ring ni &0 rpm
Speed of outer ring RE D rpm
Pitch diameter Dpw 65 mm
Damage frequency for inner race fip 10.733 1fs
Damage frequency for outer race fep -8.267 ifs
Damage frequency for rolling element frp  -7.319 1fs
Mumber of rolling elements z 19
Roller diameter Dw  8.73139 i
Mominal contact angle a 14.938 =
| ok |[ cacdate || cancel |
e ———————————————————————————————]

Dw & a (F, BEMREE—BTAEII [ RFYUGTOHAN) IR—CTEFH TR AEATEILHENHYFE
T (EtE SN - Dw [F. EEIZIE 11/32 42 F=8.731mm. AL 15° ),

Fa—bITNERZT2D AT DEIET —RFLHR—bTHEETEET,
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Damage Frequencies

Speed of inner ring ni 1.0001/s
Speed of outer ring ne 0.00001/s
Rotation speed of cage fc 0.43511/s
Damage frequency for inner race fip 10.731/s
Damage frequency for outer race fep -8.2674 1/s
Damage frequency for rolling element frp -7.31941/s

FENAELTEZONSDT, EHITKAMDID(F, BZOEA R T EEILRYET, BARTEEEE
B BICIE. ZORIZHIEHEREL SESYvIL BHRIITSUREHELET .

" T &

Tl Calculation of axial clearance Pa | 2

Pretension force Fp 4200 M

ok J[ concel |

L "

42kN DFEHEHBH=OIZIE. BB R IT 52 X Pa = -0.0525mm DL ETT,

Bearing clearance lUser input as operating dearance |

Axial dearance Pa -0.0525011 mm |55

RT7VUTDETRTOBKNEZLN, FOYTE 1) M i5TEnter inner geometry and load
capacity | &8 ZE % User input JICL T, ERTEELELAEZEDHAZANTHIENTEET, YIIZT7D
ETR.[BORANGHIEBEOENHIOMANKRRINET,

|Angular contact ball bearing - ] IEl'ltEF inner geometry and load capadty >
Sriier diamatar g 50 mim | Cynamic load number Cr 282 ke
Outer dismeter o SU- mm | Static load number Cor 20.2 kM
Width B 15 mm | Fatigue load limit Cu 1.1 kM
Mumber of rolling elements Fd 19 Bearing dearance User input = I
Diameter of roling elements Dw 8.731 mm |55 Axial dearance Pa  -0.0525011  mm E =
Pitch diamiater Dpw 65 A _ J Bearing tolerance 150 492 - P4 - I
- Fit to shaft
Contact angle as 15 o o e s i B
— Surface roughness shaft Rz 4 pm
Conformity inner ring fi 0.52 =
____ Shaftinner diameter dsi 0 mm
Conformity outer ring fe: (R53 =
Fit to housing H& I !
Shoulder diameter inner ring dsi  £1.5076 mm | &5F
Surface roughness housing Rz 4 pm
Shoulder diameter outer rin dse i i - ) :
g g = ) Housing outer diameter dhe 0 mm
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A—H—IZE>TEAONIBHZDENEIRFEIL. 1S0281 LYELDLKEWIEABHYET , A—H—
. KYEBENF-MHBLUVUREZZEELT. BEIVEEIMEZRBTHIENZBYFET, LIE=A-T.

ISO 281 [CKBEEIZMA T, R=a7ILTIEXANTHELTEET,

Bearing configuration

EREHEDEERD 2 DORTITRHYET ., Zh (Xl Bearing
configuration IN—C TEBETEET, BMORTYU T X B TFBO PRIV E
FALTEMTEET ., RRarLDRTYL T DEBIERTIVIEOED . T
HEB/2=8mm [ZBYFET, ZFHT7oFa1SERZICONTIE RTYLTH4T
DIF7UOX1SEHZ () IZERTHIENTETT N ATV ERLMD
B TEHEELET,

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

Iﬂ Consider group of bearings |

Position [mm]  Awial Offset [mm] Center of contact cone

1 -8 0 left

28 0 right

(@)= =

WO DRMBEFEALT LT IVICBASNBIEEIZIE, SMRE O A R Ty b ASEINTERE

THENTEET . COGFRIF.ERBRIHYFEA,

—ﬁDﬁE@EJr%’é%ﬁTéf:&b;ﬁ REVEHNYRN | REVERS L A TRENGHEDRDIEN
MNIEHEVCEO>T. BZDFEND 6.09N(FHEVDT=HI)BMTHENDLMYFET , ERBARLED

A TEEIZ 2216MPa DIE AN TULVET,

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

1 |6.06949 (0.0000 |0 0.0000 |0 0.0000 |0.00 0.00 0.00 0.00 2216.55 6.80

2 |-6.06949|0.0000 |0 0.0000 |0 0.0000 |0.00 0.00 0.00 0.00 2216.55 6.80
Loading

FEE.2DODHET—REEELFETS . RADLDIE Fy = 15kN DSCTIIFET. 2 BEEDE—A0H
FTEIE My = 300Nm TY ., NERDIRE(L ni = 2200rpm TY . v IFDREIL 50°C. NIOV T DIREL

40°CIZLEY,
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Results for no loading
RYICEORMEDHEREEZRTLEET, LIzA T, Moadingl 27 #RL T, R DRELNEHDRET:
TEAALET,

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

Axial load Fx 0 N @ Displacement UK 0 mm
Radial load Fy 0O N @ Displacement uy 0 mm
Radial load Fz 0 N @ Displacement uz U mm
Moment My 0 Mm () Rotation angle ry 0 mrad @
Moment Mz @  Nm (7 Rotation angle rz |0 mrad (@
Speed inner ring I ni -221'_][] rpm I [@] tnner ring rotates to load

Speed outer ring ne EJ rpm [ Outer ring rotates to load

Temperature of shaft I Ti 5|:| i I Temperature of housing Te 4[] *C

EAREERHG L1or EFBEEEES LIlh h  EESEERSS Lnn EER%EBHS  Lomh h
BAEN pmax 239944 | MPa BMUERIFEL  SF BETE Pref [165228 | N EAEHEITE YATL Crsys N
EARIEAGHE, YATL Clrsys 40400 N EFAREOHETE elRi[1714 |8 HEAEOHGNS elRe 196255 |%  ERSAIGEECGHERD  dCimox mm
ERIRENGNS  doemin mm $&REHE K [y | ou-iseE al [15 |°  AShESYPAFER  Pdeff (00111228 | mm

LT PNTEE Paeff -00960284 | mm

BEIZF &L T 2399MPa DIE AN HMY . L10rh = 161h DF LM EF->TUHVEE A,

Radial loading
Fy = 15kN DS T ILREZANT H&. ROBEEVBEONFET,
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| General I Bearing geometry I Bearing configuration

I Material and Lubrication | Loading | Track raller |

Bxial load Fx 0 M @ Displacement ux 0 mm )

Riadial load | Fy 15000 N I @ Displacement uy 0.0137175 mm

Radial load Fz 0 N @ Displacement uz 0 mm

Moment My 0 Nm ) Rotation angle ry 0 mrad @

Moment Mz @ MNm (' Rotation angle rz: O mrad (@

Speed inner ring ni 2200 rpm  [¥] Inner ring rotates to load

Speed outer ring ne 0 rpm || Outer ring rotates to load

Temperature of shaft Ti 50 % Temperature of housing Te 40 .
ERBETRHS L1or EFBETIERS L10h h  EESEERSH Lo (224571 EERETRSES  Lomh h
BAEN pma MPa EMVES(REL  SF BEHE Pref (211583 | N SASHEISEE YAF4 Orsys (45811
EABVEISTHIE VATL Clrsys |40400 N BEEOLEEE elRi [143485 % REROLE(NE eLRe 170218 % ERERGEFCNER)  dCimax 58657 | mm
FERIERSMFICHMRY  dCemin (717463 mm 4R x  [435249 7 &R ab 15 C o ERIUTNGER Pdeff (00111228 | mm
BRPEUTINEEE  Paeff -00960284 | mm

G549 RN DEMENIE., TRTDEREARNELEHFESN TSI EEZRLTVET, DTS
7% TOYrTBIZF, A=a—/3—® “Graphics“%%')w- L. “Contact stress”& “Load distribution” % &R
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FELELTISO 281 [ZKDEEEXLTHDE. L10h = 16666/2200 *(282 2~ 0.7 / 15)" 3 = 215h D{EFER
NEON, VI IITIZLDFEDNIF AL L10rh = 76h [THEYET,
B—AR7I)OTDEE. AR (Fx). P F7ILAR (Fy), E—AUFMz2) TELH D EMNLR—FTHHY
9,

#[Fx [kN] |ux [mm]|Fy [kN]|uy [mm]|Fz [kN] uz [mm]|My [Nm]|ry [mrad] |Mz [Nm]|rz [mrad]|pmax [MPa] |SF
7.89409 |-0.0009 |7.5 0.0134 |0 0.0000 |0.00 0.00 -88.87 |0.00 2944.38 2.90
2 |-7.89409(0.0008 |7.5 0.0134 |0 0.0000 |0.00 0.00 88.87 0.00 2944.38 2.90

=

Bearing configuration |R—UTld, YO ADERZVEI)yILTCAVTHRRAMMZ2—DOINLDHEER
ZEIRLT. BMOEILIZRTRTAHIELTEET,

General Bearing geometry Bearing configuration Material and Lubrication Loadine  Track roller

Congider eroup of bearings

Position [mm] Axial Offset [nm] Center of contact cone Fx [N] pmax [MPa]
1:-8 0 left 7894.09 2944.38
2 8 0 right -7694.09 2944.38

B D=HIZARL— 30 FEEFOICLIZETEE1T15E ([Bearing geometry IN—U(ZHEH | BITIZER
BALT=&SIZ. Pa=0mm; Fp = 0N EAATBE) . L10rh = 241h DFGMNELNET, ThlLISO 281 DS
RISEWNWLDTY, MEDTDT S7EHERTHE. FEIEIHYFEEA.

Contact stress

inner race

outer race

Moment loading
S EIX. My=300Nm DE—AUIRIEZEMNTT, RILHEEZETLET,
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| General I Bearing geometry I Bearing configuration I Material and Lubrication | Loading Track roller

Axial load Fx 0O N @ Displacement ux U mm
Radial load F¥y O M @ Displacement uy 0 mm (2
Radial load Fz 0O M @ Displacement uz 0 mm
Moment My 300 Mm | @ Rotation angle ry 0.610831 mrad )
Moment Mz 0 Nm ) Rotation angle rz 0 mrad @
Speed inner ring ni -120[1 rpm  [¥] Inner ring rotates to load
Speed outer ring ne 0 rpm || Outer ring rotates to load
Temperature of shaft Ti 50 “C  Temperature of housing Te 40 C
Result overview
BROEE
ERRETIERG L0 EABETESS L0 h EESEEESS L FESEEESS  Lnwh h
RAEN pmax MPa BOFELREL  SF HEE Pref (206194 | N EABEREHE YATA Croye N

EFEIEETIE YATh Clrsys N FEEOIH el % EOEOHGHS elRe % EEBAGEMEINR  dOimax mm

BRELTEONSFGEEAITFIDFELLUTOET N, MEAMIL 2 DOARTY B TRIASATINDS
E3(ZH-TWET,

Contact stress @ Contact stress |E

Contact stress
/_—\\ o —mmouster race B1

O
@—lnner r‘!ace

|
1 % outer race

Contact stress [MPa]

' ' ' } ' '
(=T o B O N O mn o m o =]
[ o R T S Y O SN T S R == SR N Vs
e I o B o R o S oY R g}

Pasition of ball [¥] e
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B—ARTY T EBARFME, SUTIFRE, E—AUMIEZRHOTULEY,

# Fx [kN] |ux [mm] Fy [kN]|uy [mm]|Fz [kN] |uz [mm] My [Nm] ry [mrad]|Mz [Nm]|rz [mrad]|pmax [MPa]|SF
1 |8.19266 (-0.0009 |0 0.0000 |6.67402 [0.0048 |96.61 0.60 0.00 0.00 2904.86 3.02
2 |-8.19266|0.0009 |0 0.0000 |-6.67402|-0.0048 [96.61 0.60 0.00 0.00 2904.86 3.02

ETOHERTEEDEGLITEFXAVTITOTLET ., RIDR—U DI General ITIE, CNETR/INET-
ERARTEFICERTHIENTEET:

Reliability 5 an %

[Calculaﬁﬂn for medium dearance - |

AT EFZERBLT. ETOFGREEMESEL=OIZ, FPREZBLSINEINRET HENTEFY,

Further Analyses

Optimization of life

MZHFEDORKEX. RKEGEZEERIZTT/NSGA—FAEHELTRELTHIEIZEY ., RDOIFHETIEN
TEFET ., COBMDIHIZ. VIR IZT DUV OODHEEEFERAT A LKLY BRI I—FITE@MZOR
BB ERDDIENTEET,
E—AUMMTE (My = 300Nm) DIFE . FHICKEKEERTET7XITILVAMTEEZRFET, CDHIT N
FGA—BNYIT—23 % FRALET DT, Calculation] — >IParameter variation |ZEIRL TLFE&ELY, 4T
—3 "Generate List” Tl&. YANI/ASA—4EBMTEDT. B RELESVITBEHLWNMTHIER SN
T, RUDEILEZTILIVVITBHE RAYTE IR T IT4TIZHY  Z2HhD Pa [mm](FFT7
IWAMTEF) IZERLET, LTOELIITITICAAL TS

r—I'T] Parameter Variation )
mﬂ_istl Parameter list I Graphics 1 I Graphics 2 |
Parameter Startvalue Endwalue Mumber of steps
1 Pa[mm] (Meminal axial clearance) -0.05 ] a0 E]
%)
| caledate || meport || close

BT R— "Parameter List” T, 52y LTaAVTHFARAZ 21— "Results” M5 “L10rh” & “Pmax” &R L
EX I
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i

-
i T1 Parameter Variation

Generate List Parameter list | Graphics 1 | Graphics 2 |

Inputs »

I Results 4

Bearing 1 »
Bearing 2 »
Show all inputs

] B ) [0)

Hide all inputs

Show all results

Hide all results

FEIERT L T RNTONTA—EDBAELE DA ERSH, FHELRITINFT,

{11 Parameter Variation | &

Generatelist | Parameterlist | Graphics 1 | Graphics2 |

Pa[mm] L10rh[h] pmax[MPa] =

1 -0.05 96,7973 2886.55

2 -0.049 100786  2876.56

3 -0.048 104805  2886.7

] (2] (s (2] [

4 0047 109152 285699

5 -0.046 113528 284743

6 -0.045 118031  2838.02

(o] (o] (G

e r,

(950499 X VNENTST49 DR 21DBTERIRT HTET, NI EFICH T HF G OCRE T EEITHT
BENETSILT HENTEFET,
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{11 Parameter Variation ﬁ

| Gengrate List I Parameter list | Graphics 1 | Graphics 2 |
%-Value -Value |7 ndude in report
=
£
o 2004
E=
i
5 1501
[0
]
o 1204
u
% 1007 ] I Il I Il I ! | | |
i (V] (Vg - uw ™M u (o] u e ut o
[=] b % = (] o (o] (=3 — [} =
= L = = = = = L o =
2 = 2 = =
Mominal axial dearance [mm]
Calculate H Repart ” Close |

i ™
[T} Parameter Varniation w

| Generate List I Parameter list I Graphics 1 | Graphics 2
%-Value f-Value [ tnclude in repart
-E 28801
= 28601
o 2840
5 a0
g 28001
B 273071
£ 270
= 2740+ !
= 70T I I I ! ——FP‘_'-—_I—_'_‘I__’-FI
uw u < u [ne] u (%] ul 2y u (=]
o b & (] M o () [ — = [
o =2 o £ o £ o = o =
2 ? : ? i <
Mominal axial cdearance [mm]
| Calculate | | Report | I Close ]

BIZIE AT TIZ—EDFENDETHAERELEEBE. FPENEVNIERTYL T DFEGMNEINE
. COERMHATEIENTEET, LHL., AIRELEARTEEDEHENTIVI D X EDQEDA
MIZEITAE.Pa=(-001,00mm D&EE TR AEEFETEET,
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r 1 T
(11 Parameter Variation &
| Generatelist | Parameterlist | Graphics1 | Graphics 2 |
K-Value Y-value (L10rh * | [7] Incdude in repart
= T ——
£ 2001
o
=
=
S 1501
11}
B
[T}
5 7
w
&
100 I } 1 ! 1 } ] I I
T 3 83 ° 38 8 %
e &R G e o
Mominal axial dearance [mm]
Calculate ][ Report l[ Close
LS "

Load spectrum

FEARIMNLF B—DRET—ADRDYICHERTEZS, YINIZ 7 TIOA T avEEG#IZTS
21, BT R—UM General JIZFBEIL . [TRIERARIMNVEFER IO IS0 EEMLET,
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General | Bearing geometry I Bearing configuration | Material and Lubrication I Loading I Track roller |

m eSlljms Rolling Bearing Calculation

Calculation of load distribution and reference life for rolling bearings considering IS0/TS 16281 and MREL /TP-500-42362

Project name

Calculation description

Settings

Lirnit for a1S0 al50Max 50 Reliability 5 a0 %
Friction coefficient u g1 [Calculaﬁon for medium dearance -
[ calculate lubricant film thickness [7] ozdilating bearing

[¥] Consider centrifugal force | [¥] Uge load spectrum

[¥] caloulate required hardness depth [¥] calculate modified life

[¥] use fatigue strength for hardness depth [ 7] Use extended method for pressure distribution

Required subsurface safety Szmin 1

RIZATR—ED “Loading” [Z1TE . BTN EE R4V % 2 @4 yI LT 2 TEBMLET . TI4/ILATIE,
“My [Nm]”" M7 OT4T TIEELD T, BREAVED) DL T “Enter My" D IS5 EFRHIL TS, D
R, v I"HESN, "My Nm]I"DZDRDOYIZRTEINET , ROKSIZRICAALTLESLY:

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

Frequency Fu [M] | Fy [M] [Fz [N] | My [Nm]} rz[*] ni[rpm] ne[rpm] T_i[°C] T_e[*C] TOil[*C]
105 0 15000 O 0 1] 2200 0 50 40 70

2 05 0 0 il 200 0 2200 0 50 40 70

enter Fx
enter Fy
enter Fz

SISISN S

enter My
enter Mz

[¥] inner Ring rotates to load [ Outer ring rotates to load Results for No 1 —: = ﬁ -

RAEDHITIE. HETET—AZILDENENIZI051ZANTEHI LT, MEHELTHFITHREL
TWEY,

YIR Iz T7HEZETL, URIZE—AUMTEIZH LTINS A—EFR AT 4EZREHEL=- &I, @ ghAm T
EFEHA Pa=(-0015.-001)mm DEETEDKIIZRDT5NENHYET,
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{T1 Parameter Variation M

| Generate List | Parameterfist | Graphics1 | Graphics2 |

¥-Value [Fa v] f-Value LS L10rh | [] Incude in report

Basic reference rating life [h]

-0.04 T
-0.03 T
-0.021
-0.01
0.017
0.02 1
0031
0.04 T

Mominal axial dearance [mm]

| calate || Report || Close

ME7T—AZEC I RNTHEREHALEEELGHENMTONEY, HROFED L. FEROESEHE
RALTEHESNhFET,



