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Tutorial: Calculation of a planetary gear train
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System Data

m 6 Sqas Shaft Calculation

Project name Tutarial

Calculation description  Flanetary gear stage]

[¥] consider weight Housing material [Steel v] E
Angle for weight i -én ®  Housing temperature v |20 i
[7] caleulate natural frequencies Required life H 20000 h
[] consider gyroscopic effect Strength calculation [I.nﬁnite life according DIM 743 l
Maximum fregquency fome 1000 Hz Shear deformations |.ﬁ.cmrding Hutchinson ]
Mumber of frequencies Mares 1[] [7] Consider nonlinear shaft model
[7] Consider gears as stiffness [7] Consider load spectrum

[¥] calculate modified bearing life
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Defining Shafts

Group’ Z1B/N

BITN—TDOR=CTIIL—TD&REE5ZT.’ Planetary group’

LTTELY,

info@mesys.ch

Y=

WEEEAT—UNDEOHIZ, DEKER2DDIY TN IL—THRHE
[255YFET , Shafts D ETHS')yILT.  Group’ &’ Planetary

T: +41 44 455 68 00

W § [ e
System =
4 System |
a [Shafee i
_| Add Shaft
Beﬂ, Add Group

Add Planetary Group

‘ Add Coaxial Group

STV bDEEIDITEELET T
System &
4 System 2D
4 Shatts Va2
&= Main group Y,
PlanetGroupl zd
£arings !:}
Pasitioning
Gear connections r;'
T
Ex
=
Group name  PlanetGroupl 5)
g =11 il
X-Position X 0 mm :’::—'
Mumber of planets nx 3 &
‘Main group’ 23 DD ¥ T7LZBMLET , BARIIX. ‘Sun shaftl’, ‘Ring shaft’ & ‘Carrier shaftl’ T

9, PlanetGroupl [Z[E. 2 DD TRFEMLET , &HIlE ‘Pint’

& ‘Planet shaftl’ [Z7EUET,

v IbDOWRIE LTDOBYELET,
Shaft Outer diameter Inner diameter Length Position
Sun shaftl 20 0 50 0
Ring shaft 100 80 15 38
Carrier shaftl 55 45 50 22.5
Pinl 10 0 20 0
Planet shaftl 23 19 10 5
MEFDY I FZEROIT KT EHEDICANSINELETT, BRTE5—ERESNFET,
VXTI TOERZEMLEY,
Shaft Element Name Position | Parameters
Sun shaftl | Coupling Input 5 T=20Nm
Cyl. Gear Sunl 45 mn=1, « =20, b=10, z=25
Support SupportMotor | 5 Axially and radially fixed
Ring shaft | Gear Ring 7 mn=1, « =20, b=14, z=-74
Support Support 7 Everything fixed
Carrier Rolling bearing B1 5 Deep groove ball bearing 16011
shaftl Radially and axially supported to left
Rolling bearing B2 40 Deep groove ball bearing 16011
Radially and axially supported to right
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Reaction coupling | Output 49 b=2
Pinl Planetary support | PL1 0 Everything is fixed
Planetary support | PL1 20 Everything is fixed
Planet Cyl. Gear Planetl 5 mn=1, « =20, b=10, z=25
shaftl Rolling bearing B3 5 Cylindrical roller (double row) NNC4800
Radially and axially fixed

FTRTEEEICRELEZTIREUYR—ME, FrUTIHLAFISIEELTHERASAE
T FrUTRRE ERELVEHCHRAODOELIZTEEEA, ChiF, FRASILE
—LERETILOHRIZEYFET,

EITN—TELUTDEYELGYET,

Defining gear connections
RDATYTELT, FVRIDEHEERELET . CEITIICIE, P RT LY —T Gear connections’
%524R L. ‘Cylindrical gear pairs 5"y oL T. HRIOTRELEERALCEEEEMLET,
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| {11 MESYS Shaft Calculation - MESYS AG l(E)
|| File Calculation Report Graphics Extras Help
1 & 5 8
S, _"'f =
System = = m e
Cylindrical [Mm] T2 [Nm] SFL SF2  SH1 SH2
4 System Tl = = &]
4 Shafts_ Is.laneﬂ-Ring 7 3 =
4 Main group Planetary gear sets  TL [Nm] T2 [Mm] T3 [Nm] 5F1 5F2 SF3 SH1 SH2 SH3
Sun shaftl Bevel gear pairs T1 [Nm] T2 [Nm] SFL SF2 SH1 SH2
Ring shaft Worm gears T1 [Nm] T2 [Mm]
Carrier sha..,
4 PlanetGroupl
i Pinl
| Planet shaftl
. - v
| 4 Bearings Shaft [sunshaftl | [Planetshaftl v | = bz
Bl Y,
h B2 Gear [5un1 ~ | [Planet1 | zf
! Heating Position 45 5 mm Ex
ceitinning = o
i & Number of teeth 25 25 z
i Width 10 10 mm 3
¥
Profile shift coeffident 0 ] N fax
Normal module mn 1 mm ﬁ
Marmal pressure angle g, 20 s Q
\
[ Helix angle B o o
I 1T 1 i
Result overview g
i
L
A

B AREL v IREFTEEIRLTESLY, RFIDARTIZ Sunl-Planet! Z#E#HL. RIZ2 BB D
RT7%EMLT Planet1-Ring Z##ELFE Y. ARARD/N\V Iy LEWENASVDRIERXIZT
EETEET, FILEHEIRTHEINDIDOT, ANTHIREEIHYVERFA, FT7HREFAEADIE
TRTSLIE, FIATEETHONILRIRTHENTEET,

7 DEREEERT DRLENHYFTT , Sol2 BRLEBEXRISH I HFENRDYIC, BEEELY
Mo SEEFEEFUH I OIC BEEELYIEBMNT 2L TEET,

4 Cylindrical gear pairs T1 [Mm] T2 [Mm] 5F1
Sunl-Planetl = -
Planetl-FRing = =

4 Planetary gear sets T1 [Mm] T2 [Mm] T3 [Mm]
Sunl-Planetl-Planetl-Ring = = =

Bevel gear pairs T1 [Mm] T2 [Mm] S5F1
Worm gears T1 [Mm] T2 [Mm]
Gear pairs lSunl—P‘Iaﬂetl - | |PIanet1—F‘.1r1g TJ

Calculation | Mo calculation - ]
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Define positioning
ROATYTE BEETN—TONBEEEETHETT ., TOEHITFE SRTLY)—T
‘Positioning’#EIRLET .

, MESYS Shaft Calculation - MESYS AG
MR

File Calculation Report Graphics Extras Help

i § 8

sl Group 'PlanetGroupl’ according gear pair 'Sunl-Planetl’ +
4 System
4 Shafts
4 Main group
Sun shaftl ‘ﬁ
Ring shaft
Carrier sha..,
4 PlanetGroupl
Pinl
Planet shaftl
4 Bearings

[Grcup according gear pair - ]
Group [PlanetGroupl - |
Cylindrical gear pair [Sunl—PJanEtl - |
Offset in x-direction dx 0 mm

Angle i1 0

« 0 3 K< 43S Ll k=

BDp RIVEFS>THREZEMLET  LBRODLOMDA TV EIRTEET, ‘Group
according gear pair’ IR L. [PlanetGroup11ZSun1-Planetl IOXRTIZERELE T, AEIXEZ DL
MTEFET . ZDHITIH O DFEFIZLET,

MAT )T EVIEFVRRE>TEHARICMHBERO T HIENTEETHM, GIICERLI-FELE
FZTDFEFEICLTEEEY,

D RTLI)—AD ‘Shafts’ ') L T, Ea—® y-z-plane Z:ERLET,
e 2
e
4 Main group
5Sun shaftl
Ring shaft
Carrier s...
4 PlanetGroupl
Pinl
Planet s...
4 Bearings
Bl
n7

« P TE pdiH
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Running the calculation General | Geometry | Loading | Supports | sectons |
HEEERTT DRI VAT LOREEZEERT DVBEN General
HYET, ‘Sunt’[Z2000rom DEEHF A AL TLIESLY, Name  Sun shaft1
X ) Material Steel v (&)
DI RTOIYIFTIE REETAYFLICE>TEH oo . 7o i

HEhBith REDANORBIBEIFTIERET 2L | e

BHYEL A, VLT ORER CABSEOTELGBND | e

Bh, BRESNINELNEE A,

HEZETILHE BROBEIIRDLIIZEYFET,

Result overview &
Minimal bearing reference life minL10rh 320788 h  Minimal bearing modified reference life minLnmrh 811,542 h
Minimal bearing basic life minL10h 353163  h  Minimal bearing modified ife minlnmh 1073.05  h
Maximal bearing stress pmax  2149.69 MPa Minimal static safety for bearings minsF  3.46231
Mirimal root safety for gears mnGearSF 1856 Mirimal flank safety for gears minGearsH 1,101
Maximal displacement in x maxlx 0 mm  Maximal displacement in y maxUy 00283372 mm
Manimal displacement in z maxUz 0.0240493  mm Maximal displacement in radial direction maxlr 0.0312621  mm

Maximal equivalent stress max5igV 34,2775 MPa

WEOREFRL. WEFERIGERLEZ-TOY
SL(FTav)IZ&->TEBYFET, FT7DFHEIC
T HEFMICDOLNTH, ANILFEHATLEZ, &IMD
B FanlL 3200h, FEMEHIZDREM(E 34 TT, .
FHADEZICKYFETH., SZIEFEELTLES,
REROXT7OEREEIL, E@EA 1.10, EITOIEH
MN18 TTDT. FTHLRLEXTLLS,
HEERITLER. 3 DT RTOTSRYMERTIN
F9,

NZEFEALT, v IMREFMICLT. ¥ 7% %
WILTBIENTEET,

Gear calculations (N4 7 3 V)
X7 D ETIE. ‘System R—T D Required Life'ZEH T IDLEAHYET, Fi-.

(X 7&MEERGTIZERELT. XZICHLTOYIFOEERNBIFMICKEALEEDS

[ZF 2D, Vv IBRIZEFTAX7ORIEEZE S TEETARELHYET,
FTHERE SRATLY)—TEFFATEREIRS HETHRIENTESF

4 (Gear connections

T FTHETOTSLIZEOTIE, v ItETOY S LREIEEMD Sunl-Planetl
AVRDELTRMNET . FT/INTGA—REEETEHIENTE X7 EE Planetl-Ring
FALAEEITHEARAENFET ., SSTIRFHERICIDOIVRIAHYE Sunl-Planetl-Pl..

o 2DDEEXMFREL 1 DOBEREHREICHVETS,
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‘Gear connections’ R—U 2L, BFX T DMLY EZF DR EFENRREINET . ‘Cylindrical gear
pairs ZEIRT &, HERTT—ADOMELRICRRINET,

4 Cylindrical gear pairs T1 [Mm] T2 [Mm] SF1 SF2
Sunl-Planetl 6666 6.666
Planetl-Ring -6.666 1973

4 Planetary gear setc T1 [Mm] T2 [Mm] T3 [Nm] SFL

Sunl-Planetl-Planetl-Ring  20.00 0 5920 397

Bevel gear pairs T1 [Mm] T2 [Nm] SF1 SF2
Worm gears T1 [Mm] T2 [Nm]

SH1

5F2
2.28
SHL

SH2

SF3
1.86
SH2

SH1
1.38

SH2
1.38

SH3
1.10

[

Sunl-Planetl Planetl-Ring
Shaftl Sun shaftl Planet chaftl

Shaft2  Planetshaftl Ring shaft

P[KW] 139618 0.517238
nl [rpm] 2000 -740.932
n [rpm] -740.933 166.538
u 1.000 2.960
almm] 25 25

mn [mm] 1 1

alpha [7] 20,0000 20,0000

»

m

0o o RRE E. k=

SITIE, WERICHLTHETAI S LNBRIN TV o, BEEEXT—JICOHRE

FHRESNTOES . WERITONTIE, MLIE1DOERITOVTRINTEY . £ TOHHE
SAEEEEEYMIDWTHEAINDZEIZEEL S,

ROE
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Graphics for gear pairs
BWERT DD 2 DDT 5749 DFAFEETT . FMIVREEFvYTIBTT,

Sunl-Planetl: Line load Sunl-Planetl: Gap width - right flank contact @
Suni-Planeti: Line load Sun1-Planetl: Gap width - right flank contact
e i
60 0.3t
Es-w 0,275+
507 0.25T
454 0,225 T
E 407 T oaT
£ 357 £ 01757
B a0 E  o0asT
£ 5] g oaast
207 0.1
L 0.075
107 0,05+
T 00251
g = ¥ § 3 B £ & 2 ¥ & FEEEEEEEEEE.
Position [mm] Position [mm] |

FAVRERE. 3 DT RTDERDFAELRLTNET, DI EENIIYILDEEICLDHELD
TY, BN ELIE—RIZHIEHEE. XYy RBEEEBOX v IERLET, TORH. OGS
[F03um DEWEMEZITICENTEFT A, CONSHEFERTEET . HENAEVREIME, Ov
TFBLURTYT DRIENCNODRICEEEEZET . LHL, BERELNVDUTDRIED
EROFTHRYIRICHEERIZFLETS
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Adding a second stage

F2BTIE.FT . HUIvIREFT YT TDIE—EER
LET, YVRDERIVEFALTOYINEY VUL,
‘Duplicate’ Z#ERLET ., RIZ. v TLDAEIZ ‘Sun shaft2’ &
‘Carrier shaft2’ [CEBEL. TNiHE 60 &£ 825 DAEICHEEILE
ER

- Tutorial®

4 Shafts
4 Main group

‘Sun shaft2’ MY R—bE—RIIGHRICESHZ T, carrierl e
EEREL. Ay T T TInput IEBRIMLET e ap't
‘Sunt’ % ‘Sun2’ [SZEL.EEANDIZTEIITLES, e | e
B2 ange Color
'Carrierl' Tld. RIEBE—A DAY TITEBRHNLET, posii:::g M?V?to group b
‘Carrier2’ TI&. RT7U T D4AHEIZEIB4IEBSIICERLET,
20 DB BEHAL TV T O OMIKELE  [General constraint
L.RCHRKRT2EBDITXT7ZEEMLET, | epr—
& Position x 5 T
Connect to shaft 'Carrier shaftl - |
Translation in x-direction
Type Fixed -
= = Offset 5 0 mm
Clearance a: 0 mm
= ™
Translation in y-direction
Type |Fixed -
Offset i 0 mm
teral | Geometry | Loading | Supports | Sections | Settings | Sheme L o
ter Geometry Inner geometry Translation in z-direction
Length Diameter1 Diamete Length Diameter Type Fixed 5
110 100 (| [1/]18 90 Offset B: 0 mm
@ 214 80 Clearance A o mm
& 3 46 90 Rotation around x-axis
§||an _ Type Fixed =
5 18 a0 Offset G 0 rad
Clearance b 0 rad
EMRERITH=HIZ N DO R—FTIEEL VT F R
TIZ2 2OYR—rEFERLET
Type No canstraint -]
ZFh D5 ‘PlanetGroup2’ EWLVSEFTLLVEEZ S IL—T%1B _ _
MLET . v TF Pint |&[PlanetShaft2]EHERL TR | oo oundze
DERIVEI)ILTIT L —FIBEERR. aE—% | ™™ (Mo constraint x]
FLWLW IIL—TIZBBELET,
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FNms, LW IL—T D force & support BEEDZBIEZZEEL. pin2 % 'Supports D T D
'Carrier shaft2 [TIEHRLET . TR VED=ODEZ (L, 5MFHTIPin 2 LERSNZTNIERYEE
Ao

ZNTIE. X7 OERICEHS . FILLWITSRVCRT—CDEREEMLET,

4 Cylindrical gear pairs T1 [Mm] T2 [Mm]
Sunl-Planetl 6.666 6.666
Planetl-Ring -6.666 1973
Sund-Planet2 - -
Planet2-Ring2 - -

4 Planetary gear sets T1 [Mm] T2 [Mm] T3 [
Sunl-Planetl-Planetl-Ring 20.00 0 =
Sun2-Planet2-Planet2-Ring2 g -

Bevel gear pairs T1 [Mm)] T2 [Mm]
Worm gears T1 [Mm] T2 [Mm]

‘Positioning’ DR—T T2 DEDTSHRYN IL—TOHEFEMLET,

Group 'PlanetGroupl’ according gear pair "Sunl-Planetl’
Group 'PlanetGroup’ according gear pair 'Sund-Planet?’

Group according gear pair - ]
Group | Flanetizroup?2 - I
Cylindrical gear pair [Sun.'I_'—Planet?_ - ]
Offset in x-direction de 0 rnm
&ngle i a =

HEERTT R, ‘Shafts’ DR—SITHEROBENRRAET .
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Marne nlrpm] 3T [MNm] 3P [KW] rinl10rh [h] minlamrh [h] pmax [MPa] minSF maxSigV [MP
Sunshaftl 200000 20 413879 - - - - 2207
Ring shaft  0.00 293626 218306e-31 - - - . 5.22
Carrier shaftl 50505 791981 418869 oo o0 328.09 9900 762
Pinl 505.05 0.0714639 0.00377964 - - - - 3418
Planet shaftl -989.90 6.6635 0580751 2987 FFE; 2160.50 343 573
Sun shaft2 50505 791981 418869 = 2 - - 87.24
Carrier shaft? 127.54 313626 418871 oo o 130.69 9900 3013
Pin2 12754 0282065 000377921 - : 2 : 13548
Planet shaft? -249.97 26.300 0691053 101 1283 442207 082 2310
i | 1] | k

Carrier2 M F1RE L 1275 rpm, HARILSI1E 314 Nm TY , 8152 F d5 L10rh (&, planet shaft 2
T101h [SBET ., CNERETIVELHYET,

WED YA ZXMNKRELGS>TLVEN =D, 2 BEEOREDRERIF/PNIBEET,

4 Cylindrical gear pairs T1 [Mm] T2 [Mm] 5F1 SF2 SH1 S5H2
Sunl-Planetl 6663  6.663
Planetl-Ringl -6.663 1872
Sun2-Planet? 2640 26.40
Planet?-Ring2 -2640 7814
4 Planetary gear sets T1 [Mm] T2 [Mm] T3 [Mm] SF1 SE2 SF3 SH1 SH2 SH3
Sunl-Planetl-Planetl-Ring 1999 0 5917 3.96 2.28 185 138 138 110
Sun2-Planet?-Planet2-Ring2  79.20 0 23442 068 0.44 063 0.35 031 0.54
Bevel gear pairs T1 [Mm] T2 [MNrm] SF1 SF2  5H1 SH2
Worm gears T1 [Mm] T2 [Mm]

RORATIIE B2 ERBRT—O DY A XERIGEYET,



