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Tutorial: Calculation of two shafts

connected by a rolling bearing
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System Data

{1 MESYS Shaft Calculation - MESYS AG - CH-8005 Zurich - Tutorial Shaft -2014 - for tutorialxml [P
File Celculation Report Graphics Extras Help
s EE
i
System -]
4 m C)JS S Shaft Calculation
4 Shafts
s Coaiors s
Shaft
Bearing gs Project name
Calaulation description
Settngs | Lubncatn |
] Consider weight Housing material Steel > (a0
Angle for neight Bs 80 ®  Housing temperature Ty [ o
7] Caleulate natural frequencies Required ife H 20000 h
[E] Consider gyroscopic effect (53] strength catculation Tnfinite ife aceording DIN 743 .
Maximum frequency Fame 1000 Hz  Shear [Accordng Hutchinson — ~

Mumber of frequendies Hees 10

[ Consider gears as stffress

[ Consider norlinear shaft model
[T consider load spectrum
V] Calculate modified bearing life

Result overview

Y)—E1—DAYH ' System I vHFBE, TIAHIETlsettings 13T R—UMRRSN, TAY
IIFDBEEAN. EEOCBAMERDEEEZEAMTEIENTEET, F=BIIRIDRATYS
TIEEEREROFERITELHENDT, BT HIENTEET,

Mesys

Project name Tutorial

Shaft Calculation

Calculation description  Two shafts connected by a rolling bearing

Settings  Lubrication |

[7] Consider gears as stiffness

|| Consider weight Housing material Steel - | EJ
&ngle for weight Bv -390 #  Housing temperature Te 20 .
[7] calculate natural frequendies Required life H 20000 h
[7] consider gyroscopic effect lzl Strength calculation |Inﬁru'te life according DIN 743 - |
Maximum frequency foex 1000 Hz Shear deformations [nccordtng Hutchinson = |
Mumber of frequencies Mesr 10 [7] consider nonlinear shaft model

[7] consider load spectrum
[¥] Calculate modified bearing life
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Defining first shaft

W) —HNDIShaft |EWVSBRTIDBEFEDEREERLET . [S¥ IR 11EWSBRTEA N REDHEDT
ST ETIT4TIZEE T, 500rpm DEEZANLET , COR—UTTFITILEBAR DD ¥ T M
B.ME REERETHENTEET,

i | § [ &
1 ha’' -
System =
4 Systemn ﬁ
4 Shafts 5. Y
Shaft
Bearings 5
X 1
z A
¥
General | l:;eo_metr\'I | Loading | Supports | Sections | Settings !
General Strength
| Mame Shaft i | Load factor (static) KA s 1 |
Material Steel v J % Load factor (fatigue) Ka_f 1 [E
Position x o mm Overload case |Constant stress ratio - ]
Speed ||.1 500 rpm ;J| | Diameter at heat treatment der 0 mm [i
T T o Number of load cycles N 105 [0
Factor for surface work-hardening KV 1 [
Stress ratio, tension |P|.|Isaﬁng | 0
Stress ratio, bending Altermating ¥ | -t
Stress ratio, torsion Pulsating x| 0

Shaft geometry

BT - R—T DI Geometry ITIE. BIDFLREFEEL T, BIROANBIERAIOT™AIZHERE-ITMAH#
BOWTNINEBRETEENTEET, W RAVEIYVITEE, TIAILE DAL BERAERS
N, ZDANT—RRET BTN T—TILISEMESNET,

RAVIEBIRIN-1TEHEIBRL. 8 ReEeTnFElEELET,

A THMUDRIRIZAALET . ChlZkY ., BNYBHREX A SO YIMIB I ESNET,
SIS T/ ABRICKYREGEABMDREL. FBHSNET . COTHFAUEERT DT HET S
T—7I THEIDRZRIZ 3 DDITEEMT DLENHYET ., 2BBDITTIK. TEE 1IETEE 210
BMAZANLT, T—/A—RKREERLET,

CDUNTNEE 2 DI THIERT AN T, EENOUYITMIT—/AREEY  EAVEZ A BARAEN
FY . INEITIIE TRRIORK K EFBELTHEMMTOIEREODRYOARZEERT S
BENHYVES . CORI REDT—ARDMEDRREEELET . TOEEL. HADAH#LH<H
HTHEBEEINET  UTOBIRITESEIIZ, T—2EAALTHZEL:
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General Geometry | Loading | Supports | Sections. I Settings |

Quter Geometry Inner geometry

Len_gth Diameter 1 Diameter 2
120 40 E] 190
230 48 a0 @ 220
3 90 80 330
4| il (] 4 |

&

(3

&

&

A

e

=

-

&

ye,

2

o]
Eengih Dicimieken 1 Biamiedes)
; (=]
25 62 @
62
{11} 1

DY IREA—DREL RTHENZRVIRDRIVEFERLTITIZENTEET,

Shaft supports

2T R— 'Supports TlE. 2 DDRTY T EEE
FTHIENTEET, BUICT RavE2@5YvsL
THERLET . ThZhDigs. LorayT a1 R
ENSITA—5—ARTY2Y 1Z8IRL. x =125 mm & x =
80 mm EAALT, v TN oMBICEEET ., F
VIRV RIZKY, ERTIUTETHRITILARE K
USP7IVARICEEL. ERTULTIZDOWTIESY
TIVHROAEBMILET,

P RAVESYHT BERY T T T4 R A
£ RFPYLYF—AR—2EFRTRLES, REDOHKD
REEXETIANT. EROERENEYrINE
¥+, ROVTEYUYRME, SESELRTYL T HAT
ERIRTEET, ERTULIICILEEE 8 (6008)
BARTYUGIZIZEB A8 (NU1016) #RIRLET .

[Rnllerbeamg

Mame  Fixed bearing

Pasition X 12.; . mm

Type Deep groove ball bearing (6008)

[Qqaﬁ::mﬁec‘!:gdtnirmrhg -

transfer data to bearing calculation

| onnect outer ring to hausing -

Shaft is supported radially
Shaft is supported axially to the left
Shaftis supported axially to the right

Bearing offset [ mm
Bearing offset G, 0 mm
Bearing offset Oz 0 mm
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rm Select bearing type from database M :
“Deepgmovebaﬂbearhg '”
Bearing inner diameter d 40— mm  [¥]
Bearing outer diameter D &8  mm [
Manufacturer name di [mm] De [mm] B [mm] C [k ~
Generic 61808 40 52 7 5.07815
Generic 6308 40 a0 23 35.888
Generic 6208 40 80 18 25735
Generic 16008 40 68 9 14.4472 3
S T O T T
] || —— | ’
o) e

Loading

BT R— 'Loading' TlE, B ALIEFEDRENREAMHETT , FAYTE I XS —ARH%E
Force #BIRLET ., MEDEZ(X Y ITFDB AN SDERERTYT, ZOHITIE., & x = 125mm &
KUME b = 10mm PSP FILARMD A Fz =-10000 #E&ELET .
| DDA TBHICEEENTNBDT. Y—ILA—D S REEEELCHEERTCEET,
IS—Ayt—SlERFTINFERAS

fl@Doos

L

| General | Geometry | Loading | Supports | sections | settings |

Force x=125, 'Load’ [ane -
E Mame  |Load
@ Position X 125 i i

Width b 10 mm
Axial Force Fx 0 M
Radial Force Fy 07 M
Radial Force Fz  -10000 i N
Torgue Mx 0 Mm
Bending moment My 0 Mm

Bending moment Mz 0 MNm
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Defining second shaft

RIZ2BEBBDIYILEEERELET  ERIDY—D ‘Shafts’ T
£y 9%LT, ladd Shafts |&Y v ThEBIMLES , LLTD—
EHREAALET,

Report Graphics  Extras

K EL

General | Geometry I Loading I Supports I Sections I Settings |
General 4 [Shafts,
sh| | AddShaft |
piame shaftz | 4 Bearin Add Group
Fixg .
Add C I G
Material [Steel T] Fid oaxial Group
. — Add Planetary Group
Position X 110 mm o
Speed no 1000 rpm
Temperature T 20 e 5

Shaft geometry

BIRD LI, 2 BE DY ILDMIREEERLET . CcOMIKIE, LLTFIZRT KIITHMAFLR DA EERK
LES.

Genaﬂ Geometry |Laading | Supports | Sections I
Outer Geometry

Length Diameter 1 Diameter 2
130 25

2 175 35
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Loading
2BBDOIYINITABFEEIZRYfF . TORDKLIIZT—2ZANLET,

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

Cylindrical gear x=85, 'Gear' ICyﬁndrimJg.ear -

EJ Mame Gear

Pasition *® 85 mm
Width b a0 mm
Torgque E 300 Nm
Direction of torque IOwn Input -
Angle to contact 4 i} &
Mumber of teeth z 20
Mormal module mn 5 mm
Profile shift coeffident X i]
Mormal pressure angle a. 20 s
Helix angle B- 30 °
Helix direction | Helix left hand ¥,
Mumber of teeth of mating gear 2 0
Center distance a ] mm

Bearings

F2DUYITNMIE2DDRTYIITHDERINET . RIDILDIE x =15 mm [THET HT70—T«
V5 4 SEMESZ (SUTIL) (QJ305) T, ZD4RIE v Tk VIZERINTOVET, 2 BHDOELDIL.
NERDNDOUT [THEESNDALE x = 217 mm [CEEESN-NFEBEEE#T (ZFF) (4305) 1TY, AR
HEOMNLIABOZDHELTHD T, H7R—rD!) AR ‘Coupling for reaction torque’ ZBINT SN E
NHYET, FNIL x = 245mm [ZHLIEL. b = 10mm DIEEHELET,

| General | Geometry | Loading | Suppaorts | Sections I Settings |

Rolling bearing x=15, 'Pilot bearing ' |Rol|v.=_r bearing - ]
Rolling bearing x=217, 'Fixed bearing 2' =

Coupling reaction moment x=245, 'Reaction coupling' | [==| | Name Pilot bearing

Position K 15 mm

Type  Four peint ball bearing {radial) {33305) n
|Shaﬂ connected to inner ring b ]

[¥] transfer data to bearing calculation

| Connect outer ring to shaft 'Shaft 1 - |

[/] shaft is supported radially
[7] shaftis supported axially to the left
[7] shaft is supported axially to the right
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DI EFYBEYIHET SO EHEDEERTILELHYET . £5T51=0HIT. YIbIT
T ¥ TR EITBTR=UT 2O a3V ITRBD/YFT—RERERT HIENTEET . ZOFITIE.

%R 121 DOEIIIVEFREL. [Sv TR 21122 DDV 3V EHRTET 5EE . BEROELLTEF
HETEIRAUMIENETA—HRSEET,
P RAVEBALTEILaVEBM, KOy TE LY RS ‘Shoulder &BML . RIZRT &512F—4

ZANLFET,
Shaft 1
| General | Geometry Loading | Supports Sections Settings |
Shoulder x=20, 'Shoulder |@ [shoulder -]
Mame  Shoulder =
|§| Position X 20 mm a g
Radius r 0.3 mm
Surface roughness Rz 8 pm
lt =
D
B
:r n
Shaft 2
|Shou]der '] [Shoulder v|
Mame  Shoulder Name  Shoulder
Position X 30 mm @ \i" Position X 205 mm @
Radius r 0.5 mrm Radius I 1 mrm
Surface roughness Rz 8 pm Surface roughness Rz 8 pm

N ITFDMEILEETEFT DT, EIXTRDATR— 'General [Z1T7E . KOYTH O RS

'42CrMod ZEIRL TLZ &Ly,

General

Mame Shaft 1

Material || 42CrMo4

@

Position X &)
Speed n 500

Temperature T

mm

rpm [¥]
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Results

AT LYY= DI TR AT —ED bl YTRI T PERFLCERIOERERRLES, 1
A AERLERTYL T DNE AR ST AT —E ST BE . I L1 — DISEEIE AT
O DHEIZOHENTT . DY, P KA EET ERTUL T HEOANREFEINET,

VAT LBIROBEE, RO KIIEYET,

Obo o8 8§

BREOXHIE, ¥ I7rOBEINS I aVFBELTOET, 2 BB O YILNORHICHHIFTVER
&, Y R—,DETR—TEMLT= ‘Reaction coupling’ TY

3RJTE1—DBEIE. Ea—Y—)LN\—D 3D REVEHYvHILET .
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DA ITRDEETIH. DX ThDIz0FH A BT AVNEEDT TT1VIERPRREINET . KR BIC

X, A=a—IN—D[TS5T49vH9R]1ED)vHLET,

Shaft forces [=]| | Shaft deflection [&]
Shaft forces Shaft deflection
—=shaft 1Fx —shaft 1ux
—_—ha —Shaft tuy
3000 s udls) | i L
Shia (. 0.1
2000
0.08 1 e B
1000 =—=Ghift 2Fz Shaft 20z
00sT
= g I T
= | =
wo -10007T ] C.
o S
i g
5 -2000 =
T
a
-3000
-4000
5000
-6000 "
| T T T N S LR L
mmmmmmmmmmmmmmm
MErRE8CERHdREERER R EE T EEE R E R R E
Position [mm] Position [rmm]

FTIFEEDMANICLDEMEZ(TEHE 2 8lE. IREDIRS YT+ 2P 1ESRLTZELY,

A—HE. 2DDIYITRD z ARDF=HHDFTvTE#REIENTEEFT, Chld BHERATIVY

DARTYTRIEICEDEDTY . NAMAYITYDTIE T O—/NLALE x = 125 mm [THYFT D T,
R7VUTITHMBHIFE—AVMIIFEAEHYFEE A,

BILVTULNA Y S0 I 94 R TEI) Y HIETICET, A—HIEXI Y ITE DD T ST 045 R
PRFYUTICEETIVERTEET, HIZIE TEERTIL T 1EMR(OybRT7 T 1O A DI E
DA IETERIC N I1ERAZENTEET,

Shaft moments @ l
Shaft moments 1R i
250 ——Shaft 1Mx | Graphics L Deflection
—Shaft 1;My
i R i 3 ,I Save graphic as.. Deflection (radial)
- ¥ Print graphic Rotation angle
—5haft 2Mz Forces
100 | I Diagram options I : Wb
E 50 | Stresses
2 01 E Equivalent stress
g —— =
5 -50 Campbell diagram
=
-100 Geometry 30
_150 Geometry 3D (deformed)
200 Bearings il Fixed bearing 4
: 2 ol
250 Fixed bearing 2
| ' ! | ! | | ! ! | | Floating bearing M
e m e B 58 B £E R EE E BB Pilot beari »
= =& 4 4 B oA 8 @R o@m @A ok Denting
Pogition [mm]

AVTXRRAMMZA—TIFAT IS LA TV 1#ERLTT 57490 RENIRY TG BHIENTEE
Yo A—H—IFEHR EOHHEBHIDFr— I RIRT HIENTEET,
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Bearing 'Fixed bearing’: Contact stress |E| Bearing 'Pilot bearing : Contact stress |§|
o A
// 7@
f [ -'; ; (‘3 ll'.
[ 1 I .|nner rac |
[ |} | [ I o Sy I|
by vt L\u outer rac J |
1 I". .'-\ Y N : .".
| 9, /
A
——— e - - -~
Bearing 'Fixed bearing” Contact stress |E| | Bearing 'Pilot bearing : Contact stress |E|
Contact stress Contact stress
+ —outer race 2500 i =outer race 1
==inner-race 4 - —inner race Rl
240 3 '1‘ ==outer race R2
"o w2000 i b =Sirnér race KX
o [ *
= = 17507 4
E ﬁ 1500
# & 12307
B 10001
(=} [=]
2 “ 500
2507
| Il Il Il I I Il I I Il I b I I I I
0
oW oW oW W o o wmnowmgononon o oQn o
CEZRANARNRABR e ECRAEARERR
Position of ball [7] Position of ball [7]

BRICLESIZ, SN TRDEREIN-RER BT EENTEEFT (BIROBMED IDE2—IZBHL. A
H1)yHL ., A THXRARAZ2—DS 'Geometry 3D (deformed) ZEIRLET ),

Geometry 30
Geometry 30 (deformed) I
Geometry 3D (power flow)

¢ Zoomln +
22 Zoom Out
Fit To Window Home

Dbl ATEET8
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VI IITDERTEIZHAERDBME V4RI TR [OX TR IDANVT =% 0T L. Rk
. EMNFFIR/NMBRZFRLGLED—RUTRERENRTINET,

‘Result overview

Minimal bearing reference life minL10rh  3006.81 h

Minimal dynamic shaft safety factor

mnSD 2.741

Minimal static shaft safety factor

maxLr 0.05‘1‘86

mm  Maximal displacement in x

minSS 5,809

Minimal bearing modified reference life minLnmrh  2730.33 h

maxUx  0,117212

mm

Minimal static safety for bearings

Maximal equivalent stress

Maximal displacement in radial direction

T VARATLY)—DRTI T DERDANTITED )9 ITBE TRRKENIDLIGERLIE-RTY

2 DERDERNRRATREIZEYETS,

minSF  3,56542

maxSigV 179,574

EBIT VRT LV —AYF =T v TMERETATI T 1B RS HE VIR ITTDHRRI4VEII

EBMOBRARTENET . BICHISESFEITEVVILTIELZSL,

Reaction coupling

Mame L10h [h] Lnmh[h] WOrh [R] Lomreh [h] pmax[MPa] SF Fx[kN] Fy [kN] Fz [kN]
4 Shaftl
Fixed bearing 3005 2728 2007 2730 2749.24 357 0000 0451 3714
Floating bearing 79269 478275 225707 775107 122837 1060 0000  -1.005 -10.251
4 Shaft 2
Pilot bearing 30864 45084 11758 12582 2510.84 468 0000 -0519 3463
Fixed bearing2 3203 5669 3041 1287 237151 555 3000 -1680 1733
0.000 0000 0,000

| sauanbaly ||sﬁuueag || sUoaEs | SEUS |

1 1 |

Mame Type ®[mm] 5B 55 Fa [kN] Fy [kMN] Fz [kN] W [MNm] My [Mm] Mz[Nm] uwx[mm
4 Shaftl

Shoulder Shoulder 20 2585 22572 0.000 0452 3714 000 28.08 -343 -0.0129
4 Shaft2

Shoulder Shoulder 30 1414 9118 -0000 -0518 3463 000 18.21 -0.51 01172

Shoulder Shoulder 205 274 581 3000 1878 -1.733 -30000 047 0.20 01154

| sapuanbaly | sBLLEag | Isua!;pasll SIEUS |

Basic reference rating life L10r 90,2042 Basic reference rating life Liorh 3008.81 h  Modified reference rating life Lnmr 8§1.91

Modified reference rating life Lnmrh 2?3033 h  |Maximal pressure pmax 2?4924 MPa| Static safety factor SF 356542

Ellipsis length ratio inner race elR_i 2047 %%  Ellipsis length ratio outer race elR_e 208,463 %  Extension contact ellipsis inner ring dCimax 46,6047 mm
Extension contact ellipsis outer ring dCemin  &1.4205 mm  Viscosity ratio e 1.47032 Free contact angle al 0 o
Distance between roling elements GRE  &.03373 mm Effective diametral dearance  Pdeff o mm Effective axial dearance Paeff -59.993 mm

MPa
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COHENERTIE. ITRTORTY T DHFEGEMZAMNREINTWNET, SHIZ, /YTFOEEFRITT
BEHIZNET—ZFERLI=-DO T, RINDEBHH LUVEN L v I REE. THHBEISDISKUTSS]
METR—=IT w5230 JITRENTVET,

Report results
0 RAVEBLTRREINDASVLR—NIE ATV DFMIERTINT EROBMEDOH
NERINFET,
A=a—N\—@ LR—F> TILR—FNEERTHE ERTVTHEDFHMLA— ST TSR
BUR— ERBZIENTEET, ZOBITIE, ELIR—ME 40 R—OHY | RENVEHZ DEREN AR
BIZEAT AL O DFr— A EENTLET,



