Engineering Consulting Software I AG

MESYS Calculation Software
USER MANUAL

© 2019 MESYS AG






Table of Contents

1. General 13
11 [3ES - 1| =1 4T 3 TR 14
1.1.1 Configuration With INI-Fil@ ......cocouvviiieiiee e e e 14
1.1.2 8 oo 1= T PRSPPSO 18
1.2 =T LT =T 3 0 T=T o N 18
13 GENEIAl USQAZE ..cceeeeeeeeeeetiierecsrnnnneeettesesesssssnnsesessessssssssnnsesessssssssssnsnsssessessssssssnnnsssssses 19
13.1 Graphics 2D and DIagrams ......ccccccuiiiiiieeeeeeecciiieee e e e e eeeecrreer e e e e e e eesnreaeeeeaeeseeennens 20
1.3.2 (CT = T'o] o Lot | SRR 21
14 Command liNe PArameters .......cccciciiiceiiiiiineetiiiinneisinnesssssssessessssnssssssssssssssssssasssssanes 22
15 DAtabase ....ccccceiiiiiieiiiiieeinncee e sane s s s s sna e s s e s s e s s e s nna s e s s naasessnnanaas 23
1.5.1 Changing names in the database ........cccccoeoiiee i 23
1.5.2 Add bearings to database ... 24
1.5.3 Database TablES ... e e e 25
15.3.1 Bearing Clearance and Bearing TOIEIraNCe .....ccvceieiceiceeeeeteee ettt et 25
153.2 BEATING IMAtEIIAIS ettt sttt sttt ea s 26
1533 BEAriNG MaNUFACTUIEES .ooueieeeeei ettt e e e a e s s s s e e e e sesenesansens 26

1.6 Parameter variations ......cccieeeeiiiiciiinneeiiiiemseeiiiiesssesiiiessssssssssesssses 26
1.6.1 (CT=Y YT o L S S PP 27
1.6.2 Y = 10 0 L= T ol L3 U 27
1.6.3 [CT1=T'o] o] Lok SRR 28
1.6.4 OPLIMIZAtION oo, 29
1.6.5 24=T o To] o AP PP P PP PP PPRRRPPPPPPPPRE 30
1.7 Statistical parameter variations ..........cccccvceiiiiiiiininieiincceenessnessss s sssssanes 30
1.7.1 (CT=Y YT 1 {1 SRR 31
1.7.2 PArameter [IST ..ueiiiiiieie it e e e s e e e eas 31
1.7.3 (G =T o] o1 of- SRS UUPRRN 32
1.7.4 11 ] oYU' e SRR 33
1.7.5 21=T o o] o AR PP PPPPPPPPPPPPPPPPPPRE 33
1.8 RESUIES .eeeeeeeiiiieiccieeeetiiincccsssnnneeettreee s s s snnneeseeesessssssnnnssenssesassssnnnssessesssssssssnnnessessessnsnen 33
1.8.1 RESUILS OVEIVIEW ..ovviiieieeie ettt et e e e e e rattae e e e e e e s sensaae e e e e e e e e e s ennnsaaneeens 34
1.8.2 Y= T T =] o o] o RPN 34
1.8.2.1 TEMPIATE vttt e e st e e e b et et e R e e R b et Re b e st b et eneebe st e re s eneeaentenn 35
1.8.3 CustOmM ReEPOIt TEMPIALES .oevieeiieitrieeeee ettt e e e e e e arrreee e e e e eesennnns 35
1.8.4 W] o =1 o] =SSR 36
1.9 COM INEEITACE ..coeiceeiicceettcccerete e cnee e e sne s e e s s sne s s s s ssnssssssssnessessssnasessssnnasssssnnsenesssnnes 36
19.1 Registering the COM SEIVEN ......ueii et e ettt e e e e e st e e e et ee e e enaaaeeeean 36
1.9.2 USING the COM SEIVET ..cccceieiieeeeeee ettt e e e ee e crrae e e e e e e e sesbbraaeeeeeseesennnraeeeens 37
2. MESYS Shaft Calculation 41
2.1 INPUL PArameEters ......cccrcrcscscscnnnnenssesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 44
2.1.1 SYSTEM INPULS .oiiiiiiieiiiiiieeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e eaeaeanaanes 44
2.11.1 Project name and calculation deSCription ...t 45
21.1.2 SBELINES ettt bbb bbb bRt ettt b e besbeshe e Rt et et et e ean 45

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

21121 Consider weight and accelerations
21122 ANGIE TOI WEIBNT ovuvcvrcerctrcictecietecie ettt ettt bbbttt ettt
21123 Calculate NAtUral frEQUENCIES ...t sss e sses et ssss st ss s sssssnss
21124 CONSider GYroSCOPIC EFfECT ... sas s ss e ssens 46
21.1.25 MAXIMUM FFEQUENCY corvrrvereeireiensiessesesssssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssans 47
21.1.2.6 NUMDET Of FIEQUENCIES .euceieeeeicicireiret ettt eae 47
2.1.1.27 Consider dynamic loads in static equIiBIiUM ... eeeeeseesessesesseens 47
211.238 Housing material and hOUSING tEMPEratUre .......coc.eveiuerensinesnseresesessessssssessssesssssssssssssssssssssenns 48
2.1.1.29 REGUITE 118 orveerercercircererteeee ittt sttt
21.1.2.10 BEATTNG FEITADTITTY rvvureereeereeeseeese et et eeees st ss s esseess ettt ettt
211211 Strength calculation
211212 BEATING POSTTION oovveiieerriecriicii st sssessses s ss st
211213 Shear deformations
211214 Consider NONIiNEar Shaft MOTE! .......oceeererceeeieeeeeieeeree ettt ebs bbb 49
2.1.1.2.15 CONSIAEN 108U SPECIIUM coovrieierereeeeere et e et et ss ettt sse st ssssnseen 50
21.1.2.16 CoNSIder ars @s STTINESS .ovirrrrireirereiret sttt sttt bbbttt ensenan 50
2.1.1.217 Consider gears @s @ POINT 108U .....occiereiieireiiereteret et ess st seesseesaes 50
21.1.2.18 Calculate Modified DEATING [ITE ..ttt sttt sttt sssssnen 50
21.1.219 CONSIAEr CONFIGUIATIONS ..vvuveierierieeeisese ettt bas bttt s st et sssnes 50
2.1.1.2.20 CoNSider NOUSING STTNESS ...cuueuuiirerrctiereticietiere ettt bsess et ssesssesses 50
2113 LUBFICATION ettt sttt sttt ettt 50
2114 DiSPIAY SEILINES .eoveeieieeiiiretre sttt sttt ettt b ettt e e ae s e e b e e s et ene et entenn 51
2.1.1.5 System OPtioNs iN The SYSTEM LrEE ...ciciieeieeeeee et a e s s e aeneas 52
2.1.2 Definition Of Shafts ......c.cociiiiiie e 53
2121 General shaft data ... 54
21211 INBITIE <ovorereraersese sttt ss s e sesssss s s s s s bbb e b et s s s s s bbb bbb et s b s s s s s bbb bbb s st essnne 54
21212 IMBEEITAL couieerecercereceseeese ettt ee ettt bbb e 54
21213 POSTTION otretrcereeteeeeeeseetseeese e esse st sees et sees e e sees et s b2 e e s8R RE e 54
21214 SPEA ovevreerricireisetie ettt Rttt 54
2.1.2.15 TEMPEIATUIE ettt be et e b s bs b e bebebebsbesebebebesebebebesebebebesesebebesetebeteaesetetesatas 55
2.1.2.2 Data for strength CalCUlation ...t eeas 55
21221 LOAA FACTOF (STATIC) cuvvrrreereerieieiesieise ettt b bbbt bbb s e 55
21222 LOA FACLOF (FATIBUE) wervrrrererisererisisesissssssssssssssssssss st ssss st s sssssss s ssessssssssssstssssssssssnsssssssssnssssnns 55
21223 Overload case
21224 Diameter @t NEATTrEATMENT ..c.uvuueeerceeeeierireeeeet et st sb e sb st 55
21225 NUMDET OF [0GU CYCIES ourvvriviiereiieiie sttt st sss s ss st s s ssss s ssentans 55
21.2.2.6 Factor fOr SUrface NArdeNING .......cvcueerceeeeeeeireeireeeresesestseeee e sese s ssssssesaes 56
21227 SEPESS FALIO crvuuruereesseeesseeeseeeeseees e sseessseeesseeessees e ss et es et RS bbb R bbbttt 56
2.1.23 GEOMELIY dATA ..oviiii 56
21231 BACKEGIOUND AIraWiNG ..ccoueereereererireeereeteeiesteeesessse et st sese e ssse s s s sesesss s e ssssssssssnsssns 57
21232 Define GEOMELIY @S POIYIINE cuuieririeerirrieisetsessssesst ettt sssss st ss st st ss e ssesssssssssnsas 58
21.2.4 (oY [ 1 oY - OSSO 58
21241 FOPCE oururiuriaeiesiesss s st st st sessssss s s bbb bbb bbbt s s s s bbb bbbt en s 59
21242 COUPIING wrettretrtireetretieete ittt bttt bbbt bbb b et bbbttt 59
21243 CYHINAITCAI BEAT ettt ettt ettt bbb bbb 59
21244 BEVEI BBAT w.coreverietrctreieetseetse ettt ettt s
21245 WOPIM cetttrttrttrcenette ettt bbbt bbbt bttt bbbt
2.1.2.4.6 Worm gear
21247 ECCONTIIC TOMCE ovriiereereireerecteeese sttt sttt bbb 62

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

212438
21249 IMDATANCE cevrreereereeereeeeeeeee s eessecese ettt ss e e st 63
21.24.10 DYNAMIC FOTCE 1urverrrierreeseeeeseessseessseesssessssessssess st s st e ss e ss e ss e ss st ss s e st st e ss s s st 64
212411 PUITEY oottt sttt sttt s s sttt st st s ass s se s s esassesassesastesansesansnas 64
2.1.25 SUPPOIES ettt n s 65
21251 SUDPOIT coreetretreeseteseeeseteeeeeese et eesseee e st seee et e e bbb et eb et bbb et bbbt bbbttt 66
21252 GENETAL SUPPOIT oot cesseesses s ss s ss e 66
21253 ROIITNE DEATING oottt ettt sttt s 67
2.1.253.1 Selecting bearing from database ... s 69
21254 Radial cylindrical plain journal BEATING ......uerereeirieeerineeiseesseeesessseseesssssssesssssssessessssesses 70
21255 BATT SCIBW oeueeuicercerecee ettt st es et bbb bbb 70
21256 CoupPling fOr rEACION TONQUE ...cvuciveeeercicrticretieret sttt seesaes 71
21257 STFINESS MATFIX wvvrerrrrireirrecieeiecieete et ci et ettt bbbttt bbbttt ettt 71
212538 DEMPING MATFIX 1retreereereeereeseessessseessessseesesssesssesssesssesssesssesssesssesssesssesssesssessessssesssssssesssssssessesssnesanes 71
21259 WELH POINT oo ss bbbt 72
2.1.25.10 PIANELATY SUPPOIT oeeueereeeseeeseeeseeeseeesseeesssesseessseess e s ssseessseesseessssesssessssessseesssesssessssessssesssnessnns 72
212511 AXIA1 STITFNESS ceureucereieecerecee ettt bbbttt bbbt bbbttt 72
212512 CYHINAFICAI SUPPOI covvverrercerceseeeseseseetesssessssssssssessssssses st ssssssssssesssssssessssessssssnsssssssssssassssssnns 73
212513 EXCITATIONS cerrrrerreeesseeeseeeseesseesseesseseseesssesss st st st e s s ss e ss s et as bbbt 74
2.1.26 SECLIONS ot 75
2.1.2.7 Y =31 1 Y=L OSSO 76
21271 Consider Nonlinear Bearing STffNESS ....covverrririnrerriersrisssssessess st ssss s st sssssssssnes 76
21272 NOGE AENSILY cvuvveereriiireesiseiestsssesess st b s b s sss bbbt bbbt s s ss b ss st s bbb ees s sanntans 76
21273 CRANEGE COIOT ittt ettt ettt bt bbb ettt 77
21274 Consider teMPErature PEr €lEMENT .......occccceeeueureeeeteeieeseeissesseesssess bbb ssss e ssessssssses 77
21275 SHEAT AEFOIMATIONS ..oviviiieeieieeeeeie ettt ss e s st st s st ae bbb bbbt nsensensenn 77
21276 CUTAWAY 1N 3D oottt ittt iees et bbbt bbb ettt 77
2.1.2.8 OPLioNS IN SYSTEM TIEE ...oviiiitctctctcct e s 77
21281 Import of shaft geometry from CAD filES .vereiceierreireiieiseissississeseessssse et sssssssssssssessens 78
2.1.3 ) 0 1 A G {010 S SSRPPSPN 79
214 oo 1 W Lo a1 o= PP RPPPPNY 80
2.1.5 GAN CONNECLIONS .eiiiiiiiiiiiiiiie e e s s arae s 81
2151 Tooth flank MOodification ... 82
21511 FIANK [INE CrOWNING corveriverrienressessseesessssssesssssssssssssssssssssssssssssssssssssssesssssssessssssssssnsssssssnsssesssnsssnns 83
21512 FIank [ine s10pe MOAifiCAtION ...ureeuieeeeeiereeereieseesse et etsees e sesessse st ss s ss s sasesas 83
21513 Flank 11n€ @nd relief ...t 84
2.15.2 EXCITATIONS oo 86
2.16 Calculation with [0ad SPECLIUM .....coiiiiiiiiiiiiie e 87
2.16.1 Running calculation for one load spectrum element ONly .......cccovvvrrrneernnnrrresreeeees 88
2.1.7 CONFIGUIATIONS ..eviiiiiiiiee et e st e e e s sbae e e s saraees
2.1.8 Housing stiffness matrix
2.1.9 R 1D =T o1 d ol o= o &SRR PUPPRRIIN
2.19.1 3D €lastic PArt @s SNATE ..o nen
2.19.2 3D elastic planetcarriers
219.21 Parametric Circular Planet CArrier ... e sesesess s sesessessessssssses 95
21922 Parametric POlygonal Planelt CArTir ... eneineereeireesresisesssess s ss s ss s sssssaes 96
21923 Parametric star-type Planet CarFier ...t s st st s s sass s sasssans 96
2.19.3 3D elastiC PArt @S NOUSING ..ottt ettt e et et e et e e besteneebeaenestennens 97
2194 Selecting faces 0N iMPOrted GEOMELIY ......covvirererirererererere ettt eeene 98

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

2.19.5 SEELINES ettt ettt et et s b e s a e e ae et et et et et e E e b e e be e he e Rt et et et e tesbesbe e bt eae e e et anean 99
2.2 Calculation of natural frequencies and harmonic response .......ccccecccerrecccnereccrnnes 101
23 Interface to rolling bearing calculation .......iiiieiiiiiieiicccerrccee e 102
24 Interface to ball screw calculation ... 102
25 RESUIES .eeeeeeeeeiiiecciceeeeetttiercc s srenneeeeessese s s sssnnneeseeesessssssnnnssenssesessssssnnnenensassassssnnnnnenanenes 103
2.5.1 RESUILS OVEIVIEW ...vviieeieee ettt ettt e e e e e et ee e e e e e e s e abara e e e e e e e e s nnesanneens 103
2.5.2 Ty U A 1= o L= U 104
2521 Table FOr SNATES ettt et 104
2.5.2.2 TAblE FOr SECLIONS ettt sttt bttt es 105
2523 TablE fOr DEATINEGS et 105
2.5.2.4 ] o] E= o T 1 =T U= T =TT 107
2.5.3 21T o T o PP PPPPRNt 108
2531 REPOIT OPLIONS ettt bbbttt et e s e s b e sbesaesat et et e e eneensas 108
2.5.4 V] L =1 o] L= PR 109
2.5.5 Custom Report TEMPIALES .....eeeieiiiieeieiee et e e e e are e e anre e e e enes 109
2.5.6 (G =T o] o 1T of- U UUPRRRIOt 110
2561 SNATE AEFIECTION .t seaas 111
2.5.6.2 Shaft deflection (FAdIal) .ttt bbb sn s eaes 111
2.5.6.3 SRATEFOICES ettt sttt bttt b ettt be et et be et eeas 112
2564 SHATE MOMENTS .ottt ettt et se et ebe e ese b eseebe e ebessensetensesesseneesensns 112
2.5.6.5 SNATE STFESSES vttt bbbt bbb bbb bbb bbb bbb bbb bbb n e b nenas 113
2.5.6.6 (0T ] o] o= N Ie T Y4 =Y o 4 PO TR RRSR RSNt 114
2.5.6.7 Harmonic reSPONSE OVEr SPEEM ....c.ccevuiiiririeirteee ettt e et e e te st se et e e eseste e be s esesteneebentenis 115
256.8 Harmonic resSponSe OVEr TIME ..o s 115
256.9 HarmoniC rESPONSE 3D ..ottt ettt st a s s ss st s et e st et e s sessesaesaeeate st e s ensansan 116
2.5.6.10 Diagrams for Dearing aNalySis ...t ns 116
2.56.11 BEATING OVEIVIEWS ...uvieiiiiiciiciesttetsts e te e s e s e ste st st s e e e e sa e st e sae st e s besbeebesasassast et e testestessessesneensansansansan
2.5.6.12 Bearing system reliability
2.5.6.13 Geometry 3D .o
2.5.6.14 Geometry 3D (power flow)
2.5.6.15 Gear [ine 1oad and gap WIdth ...ttt ne 118
2.5.6.16 Tooth flank modifications
2.5.6.17 Relative diSPlaCemENTS ..ottt ettt ne e ns
2.5.6.18 CONNECTION OVEIVIEWS ...ttt ettt et sttt e et s a ettt see e e b se e s b et e seseeneebeneenensenene
2.5.7 (€l =T o] g1 To - [ (=T TP PRIt
2.6 11 oY ToY=d - To1 1}V SO PP
3. MESYS Rolling Bearing Calculation 123
3.1 INPUL PArameters ........nennnennnenennnnnnnnnnnnnnnenennssnsnnnssssnsnssssssssnnssnsnsnsnsnsnsnnnnnns 126
3.1.1 (CT=T 1= = | SR UPRRE 126
3.1.11 Project name and calculation deSCription ... 127
3.1.1.2 REITADTTITY wvveveeeeeieieieeeieieiet ettt sttt sttt ettt et bbbt bbbt ettt st et esntes 127
3113 LIMITFOr @ISO ettt ettt skt b bt ss e b e et sanbene 127
3114 Friction COBFFICIENT ..ottt ettt sae b 128
3.1.15 Calculate lubricant film thiCKNESS ... 128
3.1.16 Consider CeNtrifUBal fOrCE ..ottt saese e ees 129
3.1.1.7 Consider temperature gradient in fits ... 129
3.1.1.8 OSCIllatiNg DEATING .ot ettt e b e st et et eseste e ebeae e stennene 129

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

3.1.19 Calculate required hardness depth ... 129
3.1.1.10 Use fatigue strength for hardness depth ... 130
31111 Required SUDSUITace SAfELY ..ottt 130
3.11.12 SElECTiON FOr CIEATANCE vt bens 130
3.1.1.13 ROIIING €lemMENT tEMPErAtUIE ...cocviieeeeceeeeer ettt e st ba st nas 130
3.1.1.14 Position of first rolling €l@MENT ..ottt 130
3.1.1.15 Options fOr GYroSCOPIC MOMENT ...ttt ettt st enens 131
3.1.1.16 Life fOr rolling €I@MENTS ....cc.cuciieeece ettt s e s s e et se e s nansans 132
3.1.1.17 Elastic ring expansion
3.1.1.18 Use load spectrum ............
3.1.1.19 Calculate modified life
3.1.1.20 Use extended method for pressure distribution .........ccccveeeceeeeersesec e
3.1.1.21 Calculate static safety factor based ON STrESS ....ccveeiciriceerceere e
3.1.2 SYoE T Y= =<Yoo o1 o oY RSPt
3.121 BEATING TYPES ettt st et e et r et e et e et n et n e eas
31211 Deep groove radial Ball DEATING ..ottt
31212 Double row deep groove ball BEATING ........cc.ccceevcveeivereeeeeeeeeees ettt sessaseas
3.1.2.13 Axial deep groove ball DEATINGS ..ottt seenen
31214 Radial angular CONtACt BEATING .....c.ocveveieeeeeeeteiceee sttt
3.1.2.15 Double row radial angular contact bearing ....
31216 Axial angular CONtACt DEATING w..vvvuveveeeecieceeeeeee ettt sae
31217 Double row axial angular CoNtact BEATING ..c.cvucveeveeveeeeeeeeeeee et
312138 Four-point bearing considered as radial bearing .......cccoevvernmrnevnnsnssnssssseesssssessessseessens 142
3.1.2.19 Four point bearings considered as axial BEaring ... 143
3.1.2.1.10 Three point bearings
3.1.2.111 Self-aligNiNE Dall BEATING w..ooveeveeeecveeeeeeeeee ettt saes st saes s saenen
312112 Self-aligning ball bearing (dOUBIE FOW) ......ccooeveeiveveeeeeieeeeeeee sttt saenas
3.1.2.1.13 DUPIEX DEATINES ecveveveeeeeeteie ettt st saes s saes bbb as s sass s s e ses s ssensessanseas
312114 Radial cylindrical roller DEATINGS ..ot ssesstsstssse s st ssssssssssssessns

3.1.2.1.15 Radial cylindrical roller bearings (double row) ...

3.12.1.16 NEEUIE DEATINES ...vvveeverrirriesiesee sttt bbbt a st s e s et s e
3.1.2.1.17 Axial cylindrical roller BEATINGS ....cciecerecieeretieeiecieessesieesesseessesseessesssessssssssssseesaes
3.1.2.1.18 Radial tapered roll€r DEATINGS ...c.cv e stseessestseesse st esse e sessse st se s
3.1.2.1.19 Axial tapered roller DEAMING ....ooececereeeeeeeeiseeeseeese ettt s bbb bbb sneaes

3.1.2.1.20 Radial tapered roller bearing (double row) ....

312121 Barrel rOll€r DEATINGS ..ovviuiveeerrieiensisesesessessssest s sssssssssss s ss st sssss s ssss s s st ssssssssnsssssnsens
3.1.2.1.22 Axial SPherical rOllEr DEATING ...ttt sttt sessaes
3.1.21.23 SPNEriCal FOIIEr DEATING ooueereercieeinetieeieeie ittt bbbttt st
3.1.2.1.24 CrOSS FOIEr DEATINGS .evviveeieerieieseesisesest sttt ssss b bbb ss st s s ss st s st entas
3.1.2.1.25 Angular roller bearings .......ccccoveuneen.
3122 Approximation of bearing GEOMELIY ...t
3.1.23 LOQA CAPACTTIES eeeuiieeieieeriieertee sttt ettt sttt a e st e e e b e e e e et e st s ae st eseesensesenseneesansens
31231 DYNAMIC 1080 NUMDBET ...oriiriieicicre ettt sttt
3.123.2 Static load number
31233 FAtiGUE 10AT 11MIT 1uieuieriereieeetecese ettt st secs et es e bbbt bbbt

3.1.2.4 Inner, outer diameter aNd WIidth ...ttt sre e e aenan

3.1.25 Deformations of rings .............

3.1.2.6 Number of rolling elements

3.1.2.7 Diameter of rolling @lEMENTS ......cevveericere ettt b s enas
3.1.2.8 PItCH dI@amMELEE .ttt ettt skttt sttt bene

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

3.1.29 (00T ] - Lox dr=1 o = TP T OOt 164
3.1.2.10 Conformity of iNNEr anNd OULET FINE ...ocuceiieeeeeeeeeer ettt sa e s e 165
31211 CONFOIMITY OF FOITEE ettt sttt 165
3.1.2.12 DiStanCe DEIWEEN FOWS ...c.covieiieieeieiceree ettt ettt s e s b enanbene 165
3.1.2.13 EffeCtive |@NGEN OF FOIIEE ettt et nas 165
3.1.2.13.1 DefiNiNg FOIIEF PrOfil@S ...ovuvveeeeeeceeeeeeeeteeteete sttt sse s s sssss s sassassassassanen 166
3.1.2.14 OFfSELFOr FOIEN CENTEN ..ttt 169
3.1.2.15 Shoulder diameter of inNer aNd OULEI FING .o.ccvevieieiicieeree e ene 169
3.1.2.16 DiSTANCE T0 FOW CONTEN ...ttt sttt e ettt e e e e et et ene e enis 170
3.1.2.17 BEATTNG ClEATANCE .eiiieeieeieiee ettt ettt ettt et b st e ket e s e se e st ebenensssnbans 170
3.1.2.18 DIiamMELral ClEATANCE ..ottt ettt sttt sttt ettt et sttt esntes 171
3.1.2.19 AXIA1 ClEATANCE ettt sttt b et b bbb e enaebe s 171
3.1.2.20 BEATING TOIEIANCE ettt sttt et et e e e be st e et essesenteneebantenis 172
3.1.2.21 FIt 1O SNATE/NOUSING ooveveieieieieeciete ettt ettt ettt sttt ettt ettt ettt b s a bbb eae s besesee 173
3.1.2.22 Shaft inner diameter/Housing outer diamMELEr ........ccccceeeeeeeeee e eaees 173
3.1.2.23 Surface roughness shaft aNd hOUSING ....cccoviiiriiiri e 173
3.1.3 Bearing CONfigUIation .......cocuiiiiiiiiieeeeeeee e 173
3.14 0] o o ok=1 e o SR 174
3.141 CoNtAMINATION FACTON ettt ettt b e st be e saes 175
3.1.4.2 KiNEMATiC VISCOSITY oottt ettt r e b s s s s sttt eeaenas 176
3.14.3 Ol TEBMPELATUIE ..ottt ettt s bt s r et e s s b e e e et e s e sse s esessese st esaesessenessaseesessanense 176
3.144 Ol ENSTLY rouieieieisieieertees ettt et e e et e st et e st e e st et e s e st eseebe st eseesensebesbeseebenaesesseneesassenessennase 176
3.145 Pressure VisCosity COBFfICTIENT ..ottt 176
3.15 Y R T o T 1 S 177
3.15.1 SUMTACE NATANESS ..ttt ettt sttt skt bt st be et eeas 177
3.15.2 Core strength of iINNEr aNd OULEN FACE ...ttt eeene 178
3.1.53 SUMTACE FOUBNNESS .ottt et b et s e s et esese s esesanensnsas 178
3.154 Material for races, rolling element, shaft and houSIiNg .....ccccevvveveiincvcencc e 178
3.1.6 oY=To [ 1T = PR 179
3.16.1 COOrdiNATE SYSTEIM ettt et e et e s s e e e b e s e ese st e e esestaneeseeesessanene 180
3.16.2 INNEr riNg rotates t0 10AM ..ottt n et et nis 180
3.1.6.3 TEMPErature OF INNEI MINE .ottt sttt e s ba s 181
3.1.7 oY= Yo IR o 1Yot 4 U o o PSP 181
3.1.8 LI 109 o 11T SR 182
3.18.1 SUPPOItEd DEATING TYPES weveieieieieieere ettt a e b e e e e s te e esasaenessenene 183
3.1.8.2 Track rOIE BEOMEBIIY ..oveeieeeeeeteeeee ettt et et s b st e et et e be st eseeta s esesaennes 184
3.1.8.3 SYMMELIIC BEOMELIY ..ttt b e be st a e e 184
3.1.84 Consider shear deformMations ...ttt enene 184
3.1.85 Calculate StaNdard VAlUEBS ...ttt ettt 184
3.1.8.6 Calculate CW USTNE LLOI =1 oottt e ettt b et sttt s se e benaenestennne 185
3.1.8.7 Calculation options fOr COW and CUW .....cccceeeueinininieiirieicerieie ettt s saesesenesnes 185
3.1.88 Permissible static DeNdiNG STrESS ...ttt sansene 186
3.1.8.9 Permissible dynamic bending StreSS ...ttt 186
3.1.8.10 MEAN STrESS INFIUBNCE .ttt sttt sae b 187
3.1.8.11 AXial POSItIioN FOr the 10@d .ottt 187
3.1.8.12 Manually enter EEOMELIY dAta .....cccvcvueeereeirreririeetres et se e e e st ss e e ssssasessansens 187
3.1.8.13 SECONA MOMENTUMS ..ttt ettt b ettt a bt b bbb et s e b et besese e naebeneansnes 187
3.1.8.14 (@Y o] (< o) = { o 1Y/ 1 Y OO TP RPNt 188
3.1.8.15 CrOSS SECLION ittt et b e b e s b s b s bt et et e e e b e b e b e b e e bt e st e st et s b enenee 188
3.1.8.16 001« o= Y ' Yo 114 TR 188
3.1.8.17 TraCK FOIEr 1OAUING cuveeeieeicee sttt ettt et b e e s aa e senaennes 188

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

3.18.17.1 Load SPECtra fOr traCk FOIEES ...ttt bbbt aesnaa 189
3.2 Thermal permissible speed
33 Load rating diagram .........ciiiiieeiiiinnniiiinienniineniieisnesiissnesiisssessssnsssssssssssssssnnes
34 RESUIES .eeeeeeeeeiiiecciceeeeetttiercc s srenneeeeessese s s sssnnneeseeesessssssnnnssenssesessssssnnnenensassassssnnnnnenanenes
34.1 RESUIT OVEIVIEW ...eeiiiiiieee ettt e e e e e rre e e e e e e e e abar e e e e e e e e e s nnrsaaneeas
3.4.2 Y T I ST ] o 2 T=Y oo o S
34.2.1 Saving main report .....ccccevvevenenennn.
34.2.2 Customizing report logo
3.4.3 Lol L= =T ol TRl 2U=T oo o AR
344 Custom Report TEMPIATES ...ccuveviiiiieiie ettt 196
3.4.5 RESUIT GraphiCs oooeeiieiiiiieie ettt et e e st e s s abaee e
3451 Bearing CONTIGUIAtiON cuciiiececte ettt sttt et asaebene
3452 LOAD diSTIrIDULION ettt sttt sttt ettt ettt
3453 LOAd diSTriDULION 2D .oveiiiiieeiieieiceee ettt ettt st s et ss e e saebene
3454 Load distribution 3D ....
3455 CONTACT ANEIE ettt ettt ettt stk ettt eae et e b ese e saebesentenas
3456 Y o LA TR e T L o e PO
3457 Circumferential ball advance
3458 WeEar PArameELEr QLV ...c.eoeecieeieiieesienteeee sttt stesstessae st e s e st e st e saeesbeesseesbeenbesteeseetesaresanesanenaee
3459 Wear Parameter PVMAX ..ottt sttt ettt st be sttt eenae s
3.45.10 Contact stress for roller bearings ...
3.4.5.11 ROIIEE PIrOfil@ ettt e et e e b et e b et ese st enessansenas
3.45.12 SUDSUITACE STIESS vttt sttt sttt sttt btttk et be et st ebe et eaas
3.4.5.13 Load rating diagram .....
3.45.14 Track roller geometry
3.4.5.15 Track roller bending MOMENT ...ttt ae e sesaennes
3.4.5.16 Track roller DENAING STFESS ..ottt ettt s b e e be s e sesaennes
3.4.5.17 TrACK FOIEE FOMCES ittt sttt sttt et e e saeba s
3.45.18 Track roller diSPlaCemMENTS .....ccicerieerirsec ettt s s e e e s enenes
3.4.5.19 DisSplacemMeNnt OVEN [0Ad ....ccoceviiiriiieereisereere ettt e et a e e et e e ssansenas
3.45.20 ROTAtION OVEN [0 ..ottt ettt st bbbt s sttt
3.45.21 LiTE OVEF 10QM .ttt ettt skt b e e e st be e e sanbane
3.45.22 Radial EXPANSTON Of FTACES ..ocicirieieeierieeeee ettt s e e se st s s e e s sa e s nansans
3.5 11 oY ToY=d - T+ 1 1}V U SURR PP
4. MESYS Ball Screw Calculation
4.1 T o TUN O =T = T 1= o= N
4.1.1 (CT=T 1= = | P UPRRt
41.1.1 Project name and calculation deSCriptioNn ...t
4.1.1.2 USE 108 SPECIIUM ...eiuiieeecieteteeie ettt st e et e et s e ae s e et eseseneseesesesensesasenessesasensssnsans
41.13 Calculate COa according to ISO 3408-5 ......ccceeriririrreerisieerteee e ste e e sseessesae e sse e e saesessenens
41.14 Calculate Ca according t0 I1SO 3408-5 ......cccieeeriieesreeerestee et ste e re et sa e se e be s e reneens
41.15 Calculate reliability factor according to 1ISO 3408-5 ...
4.1.1.6 ENtEr tWO CONTACT @NEIES ..ovevieeieeieeieree ettt s et s s e ssesasensnansans
41.1.7 REITADITTLY S oottt a et e b et e et e st e be st eseebansesenteneesansenis
4118 Scale factor for stress in 3D view s
41.1.9 Start angle for firstthread WO ...ttt ettt aeas
4.1.1.10 (O Y = g Yot =T g LT 4 e o TR
41.1.11 Axial expansion of ball screw and nut

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

4.1.1.12 ElQStiC FiNG XPANSION oiiicieieicieisteertets ettt te sttt a et e et a et e e e be st e e b e s esestaseesansenis
41.2 Ball SCrEW ZEOMEBLIY eeeeieiiieitreeeeee ettt ee e e e e e e e sabrr e e e e e e e e s nnrreeeeens
41.2.1 LOQA CAPACTTIES ceevtiieeieieertiieestee sttt ettt st e e s ae et e e e s et e e e b e e e se et eseese s enesbastesenseneesansans
41211 Dynamic load number
41212 STAtiC 10U NUMDBEL ...eoieeieieeceece ettt ettt bbb bbb s s s sasasas
4.1.2.2 NUMDBEE OF STATES .ttt ettt sttt s bbb e e saebene
4123 NUMDBEE OF TUINS ettt ettt ettt sttt skttt et be et saebene
4124 [T o OO OO TO SRR OO RTRSPSRTRRSRI
4.1.2.5 (=T T =Y o= PO
4.1.251 DITECTTION 1oveveeeeeeeeeeeeeeeeeeeesesteeesteseetesst e sessesesesass st saeaseseseessasessanesastasaatessesaesssesaeseeaesesaesstassneasensans
41.2.6 Number of loaded balls PEr tUIN ...ttt 219
41.2.7 Ball DI@MELEL ..ottt ettt s e e et e et et sese et esane s eantane 219
4.1.2.8 PItCH dI@amMELEr ..ottt n e nn et 219
41.2.9 (00T} - Lox dr=1 o = I TP ORISRt 220
4.1.2.10 Conformity of ball screw and ball NUL ..o 220
41211 Shoulder diameter of iNNer aNd OULEr MING ...c.ceueuiuiieiiieeieceeeeeee e 220
4.1.2.12 AXIA1 ClEATANCE .ottt ettt b et b s e e b et aes 221
4.1.2.13 TOIErANCE ClASS ittt ettt st b ettt b et sttt be et saebe e s 221
4.1.2.14 IMIBEEITAT ettt ettt b ettt b etk b et a ket b btk e ae bt e st et be et et bene 221
4.1.2.15 Ball SCreW iNNEr i@amMELEN ...c.cecieeeieeieieeeer ettt ettt s st sa e s sansens 222
4.1.2.16 NUE OULET DI@MELET ...ttt ettt ettt s s s e enanrene
4.1.2.17 Ball SCrEW €20 BITON .ottt ettt sttt b et sb et saebene
4.1.3 Bearing CONfIGUIAtioN .......ooocciiiieiiie ettt e e e e e s e aeeee s
4,1.4 oY= Yo [T V=SSP
4141 COONAINATE SYSTEM ettt ettt sttt ettt e et
4.1.4.2 Inner ring rotates to load
4143 Outer ring rotates to load
41.4.4 Temperature Of SCrEeW aNd NUL ...ttt et be e aennas 224
4.1.5 o= Yo IRy o T=Tox 4 U o o USSP
4.2 RESUIES ueeeiiiieiiiieiiianiisaninssnnissnn e sssnnsssssssssansssssnssssssssssssssssssssssssssssssssssnsssssnsssssanss
4.2.1 RESUIT OVEIVIEW ...eevviiieceee ettt et e e e e e s e e e e e ate e e e ennnaeeaean
4.2.2 Y YT YT U L A Y=Y o o AR
4221 Saving main report ......cccveeneneinenne.
4.2.2.2 Customizing report logo
423 V] L CT =T o] a1 o PUR
4231 LOAd diSTrIDULION 3D ..ottt sttt a bttt ettt nses
4232 CONTACT STIESS ettt s e et b e e e b e e e se s e et e b e e enenrenene
4233 (00T} 7= Lo d=1 o - YOO TRt
4234 BAIl 10@AS ettt et e ekttt eae et be et enebane
4235 Circumferential ball dVANCE ...t 230
4.3 11 oY ToY=d - T+ 1 1}V PP SURR PPN 231
5. MESYS Hertz Calculation 235
5.1 INPUL PArameters ........nennnennnenennnnnnnnnnnnnnnenennssnsnnnssssnsnssssssssnnssnsnsnsnsnsnsnnnnnns 236
5.1.1 Project name and calculation description .........cccccovviieeiiniiiee e 237
5.1.2 BOIies iN CONLACT ....uuveiiiiiie et e e e naee e
5.1.2.1 BOGY FAAIT ettt ettt ettt ettt bbbkt b btk ae et b e et et be et st bene
5.1.2.2 Material properties
5.1.3 CT=Y 1T | PP UPRPRRN

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

5.13.1 NOTMAT FOFCE ottt ettt ettt sttt skt beb e st sssbe et sanbene 238
5.13.2 ANZIE DEIWEEN GXES ...vviieeietiieietete ettt et te st et be s te e et e e e be st eseebesaesebessebensesestaseesansesessannas 238
5133 LENGLh fOr 1IN CONTACT .eeveiieeeieeeee ettt ee s 239
5.2 3= 1] | 239
5.2.1 RESUIT OVEIVIEW ..eeiiiiiciiee ettt ettt e e s s iaee e e s sate e e s sabaeeeeas 240
5.2.2 1 T g I ST ] o 2 T=Y oo o AU 241
5221 SAVING MAIN FEPOIT ittt sttt s e st e st s b e s be s beebe s e et et e tasbesbesbesseestesteneaneans 241
5222 CUSTOMIZING FEPOIT TOZO vttt ettt sttt b e e e st beseneenes 241
5.2.3 U] L CT =T o] ol 242
5231 Stress curves for body 1 and DOAY 2 ...ttt 242
5232 DiSPlacemMENt OVEL 10@ T ....ovieeeiieiceeieieieeee ettt 243
5233 SEFESS OVEI 0@ .ottt ettt b e na e nen 243
5.2.4 311 o] ToT=q=1o] 1)V 244
6. MESYS Axial-Radial-Rollerbearings 247
6.1 GENEIAl USAGE ..eeeiieiieeeiiiirneniiisinnetiissnnesesssnsssessssnsssesssnssssssssnsssssssnsasssssnnsssssssnsssssssnnas
6.2 INPULES ceeeeieneienenenennnennenesesesssesesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsns
6.2.1 LCT=Y 1T | PP UPRPRSN
6.2.1.1 NUMDEE OF PATTS .ottt et a ettt a st e e et et e e et esaesesteseebessesenteneesansens
6.2.1.2 NUMDBEr OF DEATINGS oottt ettt sttt be e ssebane
6.2.1.3 Maximum angle for mesh
6.2.1.4 NUMbBEr Of DOITEA JOINTS ..cvivieieieiceeeece ettt b e s enas
6.2.1.5 (0fo] oIy Lo I=T ol Ko Ko IE-Y o= ok u U o SOOI T RRTSRRSRONt
6.2.1.6 Only preprocessing .....ccoeceeeeereeeecenene
6.2.1.7 Allow general geometry input
6.2.1.8 NUMbEr Of SUrfAaCe [0AAS ..covoveieiieieiieree ettt ss e sae bt
6.2.1.9 NUMDBEE OF CONTACES .ottt sttt asaebene
6.2.1.10 Reliability of rolling DEATINGS oottt 251
6.2.1.11 SErIES CAlCUIATION vttt aenas 251
6.2.1.12 LUBDITCATION ottt ettt bbbttt ekt b b e st b e b e s e sanbene 252
6.2.2 GEOMELIY Of PAMES oieieciiieiiee et eececrre e e e e e e e eee b rreeeeeessesenrsaeeeeeeeeesannnnes 252
6.2.2.1 EI@MENT STZE ettt ettt t ettt s bt sen et nnanrene 253
6.2.2.2 Y o 1T=Tc OO TRt 254
6.2.2.3 BOUNAATY CONAITIONS ..ottt sttt se ettt e e e be st e et asseseeteneesensenin 254
6.2.3 2Fo] 1 (=Yoo 1 ) AN 254
6.2.4 2T | 1 =T PRPRNt 255
6.2.4.1 NUMber of rolliNg ElE@MENTS ....cooveieeieeee et e s e nsansans 255
6.2.4.2 Diameter of rollers
6.2.4.3 PICH QI@amMELEE ..ttt etttk ettt st be et et
6.24.4 Effective @NGEh Of FOIIEIS ...ttt 256
6.2.4.5 RAdial=/aXi@l ClEATANCE ..ottt sttt st et be st et eb et e be st et ebe st ensstenssressenis 256
6.2.4.6 AXTA] POSTHION et et e st et e e se b e s e e be st e re st eseeae e erenaennas 256
6.2.4.7 CrOWINING vttt et te e este st e st st et e e e e et e st e st e s b e s b e e beese e st e e et et esbesbeseesseeseesee st et esensesseeseeseessansansantanes 256
6.2.4.8 SUMTACE NATANESS ..ottt e et b et ese e e eaesenennenas 257
6.2.4.9 [DIVIoF- 1o T ol Ko Y- Lo I ot- T Yol K 0¥ OO OO OSSR O STRRRR 257
6.2.4.10 Ny - A Tol Ko T- Yo o= o X- o] I Y/ OO RRSRPRRONt 257
6.2.4.11 FAtIBUE 10T ettt sttt et ae st e e et et e e et e st ebe st eneebenteneeteneesentenis 257
6.2.5 Cross roller DEAMNES ....eeiiiiiiiee ettt erre e e e st e e e e e e e e eeanreeeeenes 258
6.2.6 oY=To [ 1T = PR 258

MESYS Calculation Software © 2019 MESYS AG



Table of Contents

6.2.6.1 SUMFACE TOATUS ettt sttt et skt be et et b et eaen
6.2.6.2 POINT IOQAS ettt sttt b et stk ettt e et st be et eaebene
6.2.7 o= Yo IRy o111 4 U o o TSP
6.3 RESUIES ueeeiiiieiiiieiiinniisanissnnissnnissnssssnnssssnssssansssssnssssssssssssssssssssssssssssssssssnsssssnsssssanss
6.3.1 Factor for diSplac@mENnts .......ccuvveeeeiieiiiiiiiiee e ee e e e e e arraeeee s
6.3.1.1 Angle for deformation graphics
6.3.1.2 Minimal and maximal stress for graphics
6.3.1.3 CalcUlation Of STITFNESS .uieciieecerecc ettt sa e aeas
6.3.2 (G =T o] o1 of- 3 UPRR
6.3.2.1 BD-VIBW ettt ettt s ettt a et st s b e e b b et e e et et e A e s b e be e b e e ae et et et e aeabeebe e b e e st ereentantatante
6.3.2.2 GEOMELIY 3D CUL VIBW oottt st sa e
6.3.2.3 BEATINES 3D oottt ettt st sttt a bRttt e b e b et e sbesaesae et et e e eeennan
6.3.2.4 GROMELIY iiierieriesiere ettt ettt et et e st e st e st e s b e s b e s b e et et et et e b e sbeebeebe e st s at e st et e basbesbesbesseestentensanaans
6.3.2.5 DEFOIMATION ettt ettt b et b etk et st beae e st ebe e s saebene
6.3.2.6 DiSPIACEMENTS ...vieeeieieieeeiete ettt sttt ettt sttt e bbbttt st b ettt eb bbb ettt ea bt eennes
6.3.2.7 Displacements OVEr 0ad fAaCTOr ....cccvccerieierererieeires et se et se s ssnsens
6.3.2.8 Tilting angle oVer 10ad fACOr ... ae e
6.3.2.9 EQUIVATENT STFESS IN PATLS evceeiiieiieieesicie ettt ettt ettt se et et et e e e be st e e be s esesteneebensenin
6.3.2.10 Axial, radial and tangential Stress iN PArtS ..o 265
6.3.2.11 Contact stress for bearing
6.3.2.12 Contact stress over angle
6.3.2.13 FOICES OVEI @NEIE ottt sttt ettt ae et e e e ba st e e et ansebe st e e be st eneeteneesentens
6.3.2.14 ROIIEI PrOFITE oottt ettt ee et
6.3.2.15 Bolt forces over angle
7. MESYS Gear Positions
7.1 INPUL PArameters ........eeiiinnnnnenennnnnennnnnnnennnennnnnnnnssnsnnnssssnssssssssssnsssnsnsnsssnsnsnnnnnns 270
7.1.1 (CT=T 1= = | P UPRRt 270
7.1.2 Three gears, tWO PAths ......cocciiii i e 271
7.1.2.1 3 23 =T a g e I - OO TR USRSt 272
7.1.2.2 (= 1 SO TSP TOPON 273
7.1.3 Four gears, tWo Paths ........ooi i e 273
7.13.1 SYSTEM ATA cviieiiicicceee ettt et r e s e bt e e st e e e be st eRe et et et et eneete e e b e aeneetennete 274
7.2 RESUIES coeeeeeeiiiiiiciiiineneeeiiieccsnrenneeeetiresssssssnnsessnseessssssnnnssssssssessssssnnsesssssessssssnnnnssnsnssas 274
Index 277

MESYS Calculation Software © 2019 MESYS AG






General

1 General

This chapter gives some general information about the MESYS Calculation
Software. Installation, updates and general usage are covered.

Details about the different calculation programs are provided in the following
chapters. Available programs are:

e Shaft Calculation[42]

Rolling Bearing Calculation| 4]

Ball Screw Calculation| 2]

Hertzian Stress Calculationm

Axial-Radial-Roller-Bearing Calculation| 2

e Gear Positionsm

1.1 Installation
]

When running the installer, the installation directory can be selected. The default
location is “\Program Files\MESYS 07-2019”. All files are installed into that
directory. Also an entry in the start menu is created.

The uninstaller can be called from the start menu. This deletes the installation
directory and the entries in the start menu.

Without a license file the software runs as demo version. In the demo version it is
not possible to save or load files, a Demo message is shown on each calculation
and some functionality is disabled. The demo version may only be used for
evaluation of the software.

The license file ‘license.dat’ has to be placed in the installation directory (in the
same directory as MesysShaft.exe). The name of the license file may not be
changed since it will not be found by the software otherwise.

1.1.1  Configuration with INI-File

Some configuration of the software can be done using ‘mesys.ini’ in the
installation folder.

Currently the settings are used for database access and formatting of the report.

Section Value Description
General recentfilenumber|Number of recent files shown in the file menu of
the software
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Section

Value

Description

floatinglicense

Path to the licensing file for floating license. It
will be written by the software but might be
copied to other installations.

Format: \\\\Server\\Share\\path\license.lic
Note: Each ‘\” has to be doubled.

floatingtimeout

Time in seconds after a floating license is release
if the program is not used. Default is 1800.

fontsize Fontsize in points, set 0 for default dependent on
operating system.

style Either windows, fusion, windowsvista.

listseparator Character used as separator for table export. If

not set the default setting in operating is used.

systemlocale

Set to true for decimal point of operating system
or false for “." as decimal separator.

usecalculatethrea
d

If set to true calculation is done in a separate
thread, else set to false.

ffmpegpath Path to the program ffmpeg to create videos from
animations. It can found at www.ffmpeg.org
For path separators either use ‘/’ or ‘\\’ but not
I\I.

helpFormat Use "CHM" to use "mesys.chm" to display the

help information. This might not work over the
network. Then "WEB" can be used to show the
helpin a web browser.

A third option is "HTML" which would look for the
help in subfolder "help", please contact
support@mesys.ch in this case as the folder is

not provided in the default installation.

allownesteddock
windows

If set to true, docked windows can be setin
several columns. The default is false.

database

path

The path to the database file can be defined. The
database can be copied onto a server, so all
software users share the same database. If the
filename is given without path, itis opened from
the installation directory.

For path separators either use ‘/’ or ‘\\’ but not

l\l .

iswritable

Set it to true if the database may be changed. If
set to false no changes are made to the database
by the software.

usecache

If set to true the database is read to memory. This
speeds up the program in case the database is on
a network drive. Default is false.

importdataba
ses

path_1

A path to additional databases can be defined.
These additional databases are read only and
optionally encrypted. If the filename is given
without path, it is opened from the installation
directory.
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General

Section

Value

Description

For path separators either use ‘/’ or ‘\\’ but not

l\l .

password 1

The password for the encrypted database

shaft

defaultinputs

Path to a xml-file with default settings
For path separators either use ‘/’ or ‘\\’ but not

I\I .

calculateonfileloa
d

If set to true the calculation is run when afile is
loaded. Defaultis true.

acceptfiledrop

If set to true a *.xml input file can be loaded by
dropping it on the main window

logo

A logo for use on the system page can be defined
here. The format had to be PNG.

numberofthreads

The number of threads that should be used in
FEA calculations. The default is the number of
physical cores.

feamaxmemory

The maximum amount of memory in MB used by
the fea solver. If more memory is required it will
be swapped to disk.

feaswappath

Path of a directory for the swapfile for FEA
calculation in case not enough memory is
available. Default is the temp directory of the
operating system. Using this setting a fast drive
with enough space can be used instead.

feamaxtotalmem
ory

The maximum amount of memory in MB used by
the fea solver. If more memory would be
required by the solver, the calculation is
canceled.

Using this setting instead of 'feamaxmemory'
avoids swapping to disk and therefore much
longer calculation times. On error the mesh sizes
would have to be changed.

rbc

defaultinputs

Path to a xml-file with default settings
For path separators either use ‘/’ or ‘\\’ but not

I\I .

calculateonfileloa
d

If set to true the calculation is run when afile is
loaded. Defaultis true.

acceptfiledrop

If set to true a *.xml input file can be loaded by
dropping it on the main window.

logo

A logo for use on the system page can be defined
here. The format had to be PNG.

ballscrew

defaultinputs

Path to a xml-file with default settings
For path separators either use ‘/’ or ‘\\’ but not

l\l .

calculateonfileloa
d

If set to true the calculation is run when afile is
loaded. Default is true.

acceptfiledrop

If set to true a *.xml input file can be loaded by

dropping it on the main window.
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Section Value Description
logo A logo for use on the system page can be defined
here. The format had to be PNG.
hertz defaultinputs Path to a xml-file with default settings
For path separators either use ‘/’ or ‘\\’ but not
I\I.
calculateonfileloa(lf set to true the calculation is run when afile is
d loaded. Defaultis true.
acceptfiledrop  |If setto true a *.xml input file can be loaded by
dropping it on the main window
logo A logo for use on the system page can be defined
here. The format had to be PNG.
axrarbc numberofthreads [The number of threads that should be used in
FEA calculations. The defaultis 2. More threads
have only a small impact on performance, but the
calculation time is still reduced.
report format The outputted report file can have different
formats. By default, this value is equal to
“INTERNALPDFA”, but it can be set to
"INTERNALPDF", “DOCX”, “DOC”, ODT” or
“PDF” (without quotes).
topmargin The top margin for the reportin mm
bottommargin  [The bottom margin for the report in mm
leftmargin The left margin for the reportin mm
rightmargin The right margin for the reportin mm
papersize The size of the paper for the report. Available
values are A4 and Letter
template Path to the created template file used for the
report creation. Supported file formats: “DOCX”,
“DOC” or “ODT”
logo A different logo can be defined, which will be

used in the report. The format had to be PNG.

marginbox1\activ
e

The marginbox is used if set to true, else setitto
false.

marginbox1\rect

The size of the marginbox is defined with values
in mm. The format is @Rect(x1y1 width height).
The parameters x1 and y1 describe the upper left
corner of the box. Positive values are measured
from the top/left negative values from the
bottom/right.

For example @Rect(-35-2030 20) is a rectangle at
the right bottom.

marginbox1\text

The text for the margin box. It has to be setin
guotations marks (like in “Text”). Either normal
text or HTML can be used.

Some placeholders are defined: #page,
HpageCount, #data, #datetime

marginbox1\angle

A rotation angle of the margin box can be setin
degrees. The orientation of the angle is clockwise
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Section Value Description
if positive.
marginbox1\isHt |Either set it to true or false dependent on the
ml type of text.
marginbox1\draw If set to true a rectangle is drawn indicating the
Box size of the marginbox. Else set it to false.
marginbox2\... |Like for margin box 1 additional boxes can be
defined with increasing numbers.

Please note that the listed options for margin boxes (marginbox1\...) are only valid
if formatis equal to “INTERNALPDF”.

1.1.2  Update

If the software is updated with a new version the database ‘mesys.db’ should not
be overwritten. Either the new installation is done in a new directory or the
database file is copied to a different location.

After the new version is started the database can be updated by choosing menu
‘Extras’->'Database’-> Import from old database’. All custom entries will be
updated. Changes to default data will be lost as only custom data will be copied.

For updates of a floating license in addition to the 'license.dat' the setting
'floatinglicense="in 'mesys.ini' needs to be copied into the new version.

1.2 Requirements
I ————————

The software is available as 32bit and 64bit windows program running on Windows
Vista, Windows 7, 8 or 10. The 32bit version can be used on 32bit or 64bit operating
systems, the 64bit version only runs on 64bit operating systems. For applications
with large memory consumption, the 64bit version should be preferred. The 64bit
version is also slightly faster. The minimum required processor is Intel Pentium 4
orabove.

About 400 MB of hard disk space is required. All dependencies of the software are
available in the installation directory. Therefore, it can just be copied to other
machines or started from network or removable disks.

For the floating license a directory on a network share with write permissionsis
required.
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1.3 General usage

To run a calculation first the data on all pages is introduced. Then press the button

@or F5to run the calculation. After all data is defined the calculation can be run
from each page. So it is easy to make parameter variations.

A symbol is shown the the right of the status bar at the bottom of the program.
This shows the current status of the results:

Symbol |Explanation

= The calculation was run and the results are valid.
Some inputs were changed after the calculation
Fiy was run. The results might be invalid, dependent

on the change of inputs.
There was an error on running the calculation. The
results are invalid.

o

There are some special buttons used in the user interface, which are explained in
the following table:

Button [Explanation

This plus button shows a dialog with additional

op inputs. Some of these inputs need to be defined,
some are just optional.

This conversion button allows the conversion from
other types of input. For example, the radial
clearance can be converted from an axial
clearance.

This proposal button provides a suggestion for an
input by the software.

i

The unit system for the input and output can be selected on the menu ‘Extras-
>Unit system’ either as metric or US units.

Using the context menu for the units of input fields, the current unit can be
changed. This setting is saved for future restarts of the software.

Temperature T 20 5
“C
*F

For tables, the unit of columns can be changed using the context menu (right
mouse button) on the header row. In addition to the unit, the number of visible
digits can be changed.
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Fy [KRT =AM Cemeadd] o Tearad]  ni [r)
Unit r M
Digits ¥ kh
Ibf
ozf

Pressing the right mouse button on an input field, a window for an input of a
formulais shown. This can be used for quick calculations.

o |4U | [ Static lo

Ewvaluate formula: -

B |0 |20 |
Gmang
z o

The software is available in English, German, French, Spanish, Chinese, Korean and
Japanese language. The language can also be selected in menu ‘Extras’.

13.1  Graphics 2D and Diagrams

For 2D graphics and diagrams several options are available in the context menu.

Bearing 'B1": Contact stress n
Contact stress
—Touter race
1200 T
o .
o 1000 T Graphics »
B
o 800t Save graphic as...
% 500 | Save diagram data as...
= Print graphic
“ 4001
Copy Ctrl+C
200 1 Freeze content
—+— f }
0 — Copy from diagram S| p——
il L r (] L
] [
Diagram opticns

All graphics can be printed or exported in different graphic formats like PNG or
JPEG using the context menu (right mouse button) in the graphic window. For the
export the size of the graphic can be specified. The option "Copy" copies the image
to the clipboard, so it can be pasted into other applications. Selecting "Freeze
content" suppresses updates of the graphic on further runs of the calculation, this
allows a comparison of graphics between calculations with different input data.
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For diagrams "Save diagram data as...", "Copy from diagram" and "Diagram
options" are available in addition. "Save diagram data as..." allows to save the
numeric values for the diagrams in CSV or XLS formats. Using "Copy from diagram"
curves from other open diagrams can be copied into the current diagram if they
have the same units. This can be used for comparisons.

The diagram option allow to change the formatting of the diagram

E} Diagram options x

Units o v | MPa v |
Minimum ‘Position of ball ICI = ]
Maximum 'Position of ball =[]
Minimum ‘Contact stress' ICI MPa
Maximurn 'Contact stress' MPa [ ]

outer race . Solid line
innerrace [ Solid line

o [ |

Both the units and bounds for the axes can be set. Moreover, if any of the graphs is
of nointerest, it can be disabled with the checkboxes. The name, the color and
line style of each curve can be changed too. The changes in diagram options are
only used for the current diagram, they are not saved and not used for newly
created graphic windows.

1.3.2 Graphics 3D

For 3D graphic windows of the software, there are different buttons for the view
manipulation in 3D, such as the zoom-in, zoom-out and fit-to-window functions
and also it is possible to select the point of view from different planes. The 3D-
model can be dragged with the mouse by holding down Shift-key as well as
zoomed in and out by holding down the Ctrl-key. A 3D-mouse is supported in 3D-
graphics. Animated 3D-graphics can be saved as video in case a path to ffmpeg s
provided in mesys.inim.
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Graphics r

Save graphic as...
Export graphic as...
Print graphic
Copy Ctrl+C
Freeze content
Animated
R Zoom In
2 Zoom Qut
Fit To Window

O o AT g

"Copy" will copy the image to the clipboard, so it can be pasted in other programs.

Activating "Freeze content" will suppress updated of the view on new runs of the
calculations. This can be used for comparisons.

The selection "Animated" will rotate the view around the vertical axis.

1.4 Command line parameters
I ————————

The software supports several command line parameters:

e -disableHighDPI disables scaling and tells the operating system to do the
scaling. This is currently the default setting.

e -enableHighDPI enables highDPI scaling by the software. This setting still
has some problems but it might be useful on some systems.

e -desktopOpenGLtells the software to use hardware OpenGL, which is the
default.

e -OpenGLES tells the software to translate OpenGL into DirectX. This can be
used if the driver for the graphic card does not work correctly and
hardware OpenGL does not work.

e -softwareOpenGL tells the software to use a software driver for 3D-
graphics. This can be used if the two settings above fail to work.

e -ini=file.ini tells the software to use ‘file.ini’ for program settings.
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e -license=license.dat tells the software to use ‘license.dat’ as license file.
This can be used it different license files are available.

o [fa*.xmlfilename is passed as a parameter, the file is opened by the
software. This also allows to drop an input file on a program icon on the
desktop.

Database

As database a SQlite database is used. In addition to the possibilities of the
software also standard tools could be used to change the database. Please only
add datasets with id > 100000 and don’t modify datasets with id <0 since they are
used internally. On future versions datasets with id< 100000 might be changed or
added.

In the current version there are database tables for Bearings, Bearing Clearance,
Bearing Tolerance, Material, Material Bearings and Lubrication. They can be added
using the Menu ‘Database’ under ‘Extras’.

IFl MESYS Database editor {Material} | >
name E[MPa] nu rho [kg,’ms] alpha [075/K] thermalConductivity [W *
1 OwnInput 0 0 0 0 0
2 Steel 207000 (03 7850 1.5 42,6
3 Si3N4 315000 | 0.26 3200 3.3 27
4 5235R 210000 (03 7850 1.5 426
5 S273R 210000 (03 7850 1.5 426 v
< >
G| [ h
& [=] 8] [5][=

Data is written into the database only when clicking the Apply-button, changes can
be removed by selecting ‘Reset’ before ‘Apply’ is clicked.

Rows can be added using the =P-button or a selected row can be deleted using the
==_button. By using the =*-button, additional items can be imported from afile.
The columns in the file have to be in the same order and unit as shown in the
table. Likewise, the table can be exported with the corresponding | =-button.

Changing names in the database

When a calculation file is loaded, the software searches the database for
combinations of id and name of a dataset. If the item is not found the inputs are
changed to ‘own input’.
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Therefore, calculations files that are opened by other installations of the software
with a different database, will show ‘own input’ and give the correct results.

If you change the name of entries in the database the same will happen. You will
see ‘own input’ in old files that used this entry and they will use the original data.

1.5.2 Add bearings to database

For adding bearings to the database please enter the geometry data into the
calculation windows of the bearing calculation, run the calculation and then select
‘Extras->Database->Add bearing to database’. You will be prompted for bearing
name, comment, manufacturer and a database mode.

I# Add bearing to database x

Bearing name | |

Bearing comment | |

Manufacturer |Generic - |
Mode for bearing in database |Dn.=-.ﬁc:ult hd |
I QK | | Cancel |

If the combination of name and manufacturer is already found in the database you
will be asked if the dataset should be overwritten.

The mode can be
e ‘“Default”: Default behavior

e “Approximated”: A comment about approximated inner geometry will be
shown in the report and damage frequencies will not be shown.

e “Hide inner geometry”: Inner geometry will not be available in the report
and in input data. This option is for additional encrypted databases.

In case of the shaft calculation the above dialog is shown if ‘Extras->Database->Add
bearing to database’ is selected while the bearing window is active. Else the
following dialog is shown:
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1.53.1

) Add bearing to database s
Bearing geometry Material and Lubrication
Deep groove ball bearing - | |Er‘|ber inmer geometry - |
Inner diameter d ICI mm Dynamic load number Cr |10.6392 kM
| Static load number Cor |5.27068 kM
Cuter diameter D mm
Fatigue load limit Cur |0.274674 kM
— Bearing dearance User input as operating dearance = |
Mumber of rolling elements z
Diametral dearance Pd l:l mm |
Diameter of rolling elements Dw mm |
Pitch diameter Dow mm EI i Add bearing to database X
Conformity inner ring fi = Bearing name || |
Conformity outer ring fe Bearing comment | |
1 | e
Shoulder diameter inner ring dSi mm and rer Enerc
- Mode for bearing in database | Default -
Shoulder diameter outer ring dSe mm
I CK I | Cancel |
| Calculate | | Close | | Apply |

A window with two tab-pages named “Bearing geometry” and “Material and
Lubrication” is opened in the shaft calculation. These tab-pages operate in the
same way as the ones in the bearing calculation interface. The feature offers the
possibility to create and add a new bearing from scratch by entering all the
required data or by selecting and modifying an existing bearing of the database. In
both cases, the user does not need to know the load capacity data in advance,
since the software finds it out from the required geometrical inputs when pressing
the button “Calculate” at the bottom. Once all the datais filled, the “Apply” button
must be pressed and the user will be prompted to enter a name for the new
bearing.

Database Tables

For some database tables more information about usage is given in the following
sections.

Bearing Clearance and Bearing Tolerance

For clearance and tolerance definitions two tables have to be used. In table
‘BearingClearanceClasses’ or ‘BearingToleranceClasses’ the available names are
defined.
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1.5.3.2

1533

1.6

.
(1) MESYS Database editor {BearingToleranceClasses} | 2. [Rby
name

1150492 -

2 150492 -P6
| |2 150492-5
|| |4 s0402-P4 i
| |5 150492-p2 \
N
|| Reset ’ Close ] ’ Apply ]

(T} MESYS Database editor {BearingTolerance] (=0 e

[Radial bearing, inner ring - ]
dmin [mm] dmax [mm] tol_i [um] tol_e [um] it
) 25 © . . I
310 18 -8 0
4 18 30 -10 0
Reset Close ] [ Apply ]
(] (=)

In table ‘BearingClearance’ and ‘BearingTolerance’ then the actual values are
defined dependent on the diameter.

Bearing Materials

The table ‘Material Bearings’ allows to set additional information about
permissible stresses for bearing calculations.

Bearing Manufacturers

The tables ‘Bearing Manufacturers’ allows to set additional names for bearing
manufacturers.

Parameter variations
]

Using the menu point “Calculation”->"Parameter variation” a dialog for parameter
variations is shown. It allows the user to do parameter studies with results
provided in tables and graphics. Typical applications are, for example, visualizing
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life over clearance or displacement over load. An optional optimization for a
parameter is available too.

1.6.1 Generate list

Several input parameters can be added to the table “Generate list” and ranges
(Start/End values) can be defined for them. In the bearing calculation dependent
on the bearing type the calculation can take up to 0.1 sec for a single calculation,
using load spectra and defining many steps can lead to long calculation times.

i Parameter Variation O x

Generate List COptimization Parameter list Graphics 1 Graphics 2 Settings

Parameter Start value Endwalue Mumber of steps @

1 F[N] (Axial force) 0 1000 2 E|

2 Pd[mm] (Mominal diametral clearance)  -0.05 0.1 50 El

Additional rules
Parameter Start value End value Based on
| Calculate | | Report | | Close |

Additional rules can be used to set additional input parameters dependent on
parameters on the first list. The additional parameteris interpolated between a
start and end value based on another parameter. For example additional
parametery between yl and y2 based on parameter x in range x1 to x2:
Y2— 0

=y + —(x—x
Yy=hn P ( 1)
An example for using the rules can be to set the bearing clearances for multiple
bearings to the same value within the shaft calculation.

1.6.2 Parameter list

Before we generate alist, it is necessary to define first those outputs or variables
we are interested in at the tab window ‘Parameter list’.

As shown in the picture, by doing a right mouse-click on the tab window
‘Parameter list’, a context menu will enable us to add the columns corresponding
to the outputs or results we are interested in. The rows will contain the variable
values according to the bounds and number of steps.
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{# Parameter Variation O *

Generate List Optimization Parameter list Graphics 1 Graphics 2 Settings

Pd [mm] Fx[M] L10rh[h] pmax[MPa] A EI
1m0 meaw e > =
2 047 0 103681 318978 Results r IZI

Inputs...
3 0044 0 128747 31301 R:;u e EI
4 -0.04 0 1603.19  3071.00 Show all inputs EI
5 -0.038 0 199857  3013.23 Hide all inputs

Show all results
] -0.035 0 248823 2057.2

Hide all results

T 0027 0 N0 A0 OA DNE

| Calculate || Report || Close |

By clicking on ‘Calculate’ while the “Generate list” tab window is active, a list of all
parameter combinations will be generated at the corresponding tab window
‘Parameter list’ and the analysis will be run. Depending on the chosen number of
parameters and steps, the analysis can lead to long calculation times.

A second way to create a table (parameter list) is possible by adding rows and
entering values manually with the =F-button. Moreover, a whole table can be
imported from a CSV- or XLS-file using the = -button or exported into a file using
the [=-button. Then, in order to run the analysis, we just have to click on
“Calculate” while this page is active. Please note that the parameter list is not
saved if the dialog is closed.

1.6.3  Graphics
On the pages “Graphics1” and “Graphics2” the results can be shown as graphic.

If the parameter list was generated by “Generate list” and no more than two input
parameters are used, lines are used for the diagram. For more parameters or other
sources just points are shown.
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(¥ Parameter Variation O *
Generate List Optimization Parameter list Graphics 1 Graphics 2 Settings
K-Value Y alue ¥ 2-Value ] Indude in report
<. 5000 —
£ 4000 | g
£ 3000 T 5
2 5
g 2000 1 i
5 &
D o
2 ! £
T 900 [}
w =
& J00 g } ] i } ; )
= [} = [} =+ wO ] —
{? t? o ] o ]
Mominal diametral clearance [mm]
| Calculate | | Report | | Close |

In case two parameters had been varied on "Generate list" multiple curves for the
second parameter are shown like in above image showing a variation of nominal
clearance and axial force Fx.

The graphic area consists of two different y-axis, thus being possible to compare
different types of output results (units) at a time. Furthermore, although the basic
life (L10rh) is being primarily analyzed in the graphic, by doing a click on the P-
button, it could also be possible to add any other outputs with the same units like
Lnmrh of one of the two available y-axis.

1.64 Optimization

Optionally an optimization step can be used. For the example before the radial
force Fy should be maximized to that L10rh=5000h is reached.

i Parameter Variation O X
Generate List Optimization Parameter list Graphics 1 Graphics 2 Settings
|Ma}cimize input based on conditions R |
Parameter Start value Maximum value Telerance E,T,EI
1 Fy[N] (Radial force ) 0 5000 1 =
Conditions
Result Condition Value El
1iL10rh [h] (Basic reference rating life) > 5000 =
Calculate | | Report | | Close |
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The conditions have to be fulfilled on the start value of the parameter. If this is not
the case, the results are set to zero. If the conditions are still fulfilled at the
maximum value, the calculation stops and the results are set to zero too.

The results for Fy in below image show an error for small clearance as the 5000h
cannot be reached.

i% Parameter Variation O *

Generate List Optimization Parameter list Graphics 1 Graphics 2 Settings

| —Fx = 0N
2000 ——Fx = 500N
1750 Ex.= 000N

= 15001

‘TS' 1250 1

5 10004

= |

3 750

500 1
250 1

0.1+

;
+
- (W} (] b wo oo
=} =} o o =] =}
[ ] [ [} o o [ ]
Mominal diametral dearance [mm]
| Calculate | | Report | | Close

1.6.5 Report

You have to activate the checkbox “Include in report” if the graphic should be
added to the report. Moreover, under the tab-page ‘Settings’ another checkbox is
available forincluding the parameter list in the report.

1.7  Statistical parameter variations

Using the menu point “Calculation”->"Parameter variation (statistical)” an
analogous tool to the default parameter variation is available. The main difference
between them lies in the fact that this tool supports statistical evaluations when
doing parameter variations.

The default version of parameter variation is helpful to visualize the influence of
one parameter on one or multiple results. The statistical version can be used if the
influence of multiple uncertainties should be evaluated. Instead of manually
checking multiple parameters an automatic calculation of the whole ranges can be
done. In order to understand the reasons behind the results it will still be
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necessary to carry out additional evaluations, but the software shows the ranges of
results that have to be expected.

1.7.1 Generate list

As in the normal parameter variation, several input parameters can be added to
the table “Generate list” and ranges (Start/End values) can be defined for them.
No calculations steps are required for the ranges. However, a limitation on the
number of statistical calculations can be set under the tab-page ‘Settings’.

Different types of probability distributions can be chosen from a drop-down list
which is shown when double-clicking on a cell under the ‘Distribution’ column for
any of the parameters:

f@ Parameter Variation
Generate List | Parameter list I Graphics 1 | Graphics 2 | Distribution Settings
Parameter Minimum  Maximum Distribution Deviation factor  Offset @
1 Pa[mm] (Mominal axial clearance) -01 01 Uniform 3 0 E]
2 alpha[*] (Nominal contact angle) 30 40 MNermal distribution within range 3 1] @
3 fi (Conformity inner race) 052 053 MNormal distribution within range * |3 1]
Uniform
Mormal distribution within range
MNormal distribution without limit
Minimum, maximum

Minimum, mean value, maximum

[ Calculate ][ Report ][ Close ]

e Uniform: The probability is equally distributed for a set of values between
the maximum and minimum value of the parameter.

o Normal distribution within range: The probability is calculated for a set of
values ranging from the minimum to maximum by using a normal
distribution.

e Normal distribution without limit: The probability is calculated for a set of
values theoretically in the range of (-oo, +o0) by using a normal distribution.

e  Minimum, maximum: The probability is equally distributed between the
maximum and minimum values of the parameter.

e  Minimum, mean value, maximum: The probability is equally distributed
between the maximum, mean and minimum values of the parameter.

Additionally, a factor can be set for the deviation and an offset value between -1
and +1 can be used to shift horizontally the ‘bell curve’ in either direction.

1.7.2 Parameter list

The generation of the parameter list is performed as explained for the non-
statistical parameter variation. By clicking on ‘Calculate’ while the “Generate list”
tab window is active, a list of all parameter combinations will be generated at the
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corresponding tab window ‘Parameter list’ and the statistical analysis will be run.
Depending on the chosen number of parameters and the specified number of
calculations, the analysis can lead to long calculation times.

f@ Parameter Variation

Generate List Parameter list | Graphics 1 I Graphics 2 I Distribution I Settings |

fi alpha [rad] Pa[mm] Ll0rh[h] alpha_eavg[rad] pmax[MPa] =

1 0,52436? 581674 00231761 338497 0511126 1798.21 E E

2 0,523759 0600977 000844711 369,786 0628787 1768,38 @

3 0528508 0,617766  -0,00454472 328565 0640688 18236 E

4 0,524695 0,64824 0,0417903 422,493 0,669298 1759,09 il E
[ Calculate ] l Report ] [ Close ]

1.7.3  Graphics

On the tab-pages ‘Graphics’ any variable combination can be visualized in the form
of point clouds, where some trends for the relationship between the parameters

might be recognized, as shown in the picture below.

e

@ Parameter Variation

| Generate List | Parameter list | Graphics 1 | Graphics 2 | Distribution I Settings

2507

Basic reference rating life [h]

¥-Value ¥ -Walue [Llﬂrh T] ’..r'] [7] tndlude in report

8956

3 2 e g & i 2 o
i u ] = 2 o o o
L} L} Lo} L} Lo} L} L}
Mominal contact angle [rad]
Calculate ] [ Report ] [ Close
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1.7.5

1.8

Distribution

The probability distribution is graphically represented at the tab-page
‘Distribution’. By simply using the ':ﬂ:'—button, itis possible to make comparisons of
interest between the statistical results for different mechanical componentsina
system. As shown in the picture, the probability distribution of basic reference life
for the different bearings mounted on the same shaft are compared with each
other. The maxima of the curves are close to each other, but the variance for the
roller bearing ‘B2’ is much larger. These analyses are useful to help identify
restrictions or weaknesses in the design.

i Parameter Variation
| Generate List Parameter list I Graphics 1 I Graphics 2 | Distribution Settings
Value BLL10rh -
TB1.L10rh
=—EB2.L10rh
0.00014 T
0.00012 T
< 0.00011
z
= B3e-005 1T
m
L
= 6e-005 1
o
4e-005 T
2e-005 T
e B ;
(=] [=] (=1 (=] = (=] [=] = (=] = [=] (=1 (=] = (=] [=]
= =] (=1 =1 = =1 (= = = = (= =1 = = = =]
=1 u (=1 u = u (= u =1 u (= LT =1 u = u
u I~ (=1 [ L = (= (] u I~ =] [} u I~ (=] (%]
ol ('] [} (3] (3] (3] =+ =+ == =+ L u u L oo [iel
Basic reference rating life [h]
Calculate | | Report | | Close
Report

You have to activate the checkbox “Include in report” if the graphic should be
added to the report. The report will also show minimum, maximum, mean value
and standard deviation for each selected result.

Results
]

Results are provided as a small result overview directly in the software, a main
text report in PDF format as standard and optional additional reports dependent
on the calculation module. Under Report->'Result tables' a spread sheet with
result data can be opened in XLSX format as default.
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Graphic windows can be docked onto the main program interface and are
automatically updated on each calculation.
1.8.1 Results Overview

The results overview on the bottom of the window shows the most important
results. The results overview can be configured under Extras->Results overview.

i Settings for Result Overview -
Average contact angle inner ra... # Basic reference rating life [L10r] »
Average contact angle cuter ra.., Basic reference rating life [L10rh]

Axial Stiffness [oo] Maodified reference rating life [...
Axial ball excursion [Ab_ax] Maodified reference rating life [... Izl
Basic life [L10] Maxirnal pressure [pmax]

Basic life [L10h] Static safety factor [SF]

Basic life [L5_L10R] Basic reference rating life [LS_L...

Basic reference rating life [L5_L... Maodified reference rating life [...

Basic reference rating life, rollin... Maximal pressure [L5_pmax]

Change of clearance [APd] Static safety factor [LS_SF]

¢

Circumferential ball advance [A... Equivalent reference load [L5_P...
Contamination factor [eC)] Reference load [Pref]

Critical escillation angle [crit] Dynamic load capacity, system ...
Damage frequency for inner ra... Static load capacity, system [CO...
Damage frequency for outer ra... Ellipse length ratio inner race [...

Damage frequency for rolling e... Ellipse length ratio cuter race [...

Depth for maximal shear stress .., Extension contact ellipse inner ...

o || o

The list on the left shows all available items for the result overview. Using the
arrows selected items can be moved to the list on the right which is used for the
result overview. The order of the selected results can be changed by the up/down
arrows on the right. Note that only valid results values are actually shown in the
result overview. So you will see fewer values than selected in the settings.

The settings for the result overview are saved in user settings not in the
calculation file. So they will be the same for different calculations.

1.8.2 Main Report

The main report can be generated selecting Report->'Show report'. It can be saved
in different formats using Report->'Save report as'.

In the menu Report->Options the contents of the report can be configured. The
graphics to be included can be selected and some sections of the report could be
discarded if not of interest. The legend for all the table parameters can be shown
in the report.
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The logo in the report can be configured in 'mesys.ini'. See Configuration with INI-

File[14]

1.8.2.1 Template

A template in (.docx) format can be created and defined in 'mesys.ini' so thatitis
used when generating the software report. For the current version, only the
information contained in the header and footer can be edited, in which itis
possible to link information to the software such us as ‘module title’, ‘license
name’, ‘date’, ‘file name’, ‘project name’ or ‘description’ by means of the text
fields option in Microsoft word. Additionally, a company logo can be included,
instead of the MESYS logo that it is shown by default at the report:

2 1 :4 1 2 3 4 5 6 7 # 8 9 EE 11 12 13 14 15 16 . @ 17 18 5

«emoduletitle»-«licensename»

Date:  2/27/2015 11:03:39 AM
LDEU File name: «filename»

Project name: «projectname»

Description: ..

a
First Page Header
Field [ =
Please choose a field Field properties Field options
Categaries: Field name; [] Text to be inserted before: l:'
‘mm E| |desaription |
Field names: Format: [T] Text to be inserted after: l:l
Fill-in . ltnone) ]} )
GoToButton Uppercase [ Mapped field
Greetingline Lowercase
Hyperlink First capital [] Vertical formatting
¥ Title case
IncludePicture
IncludeText
Index
Info
Keywords

LastSavedBy o
Link

ListNum
MacroButton

a
MergeRec
MergeSeq
Next 4

Preserve formatting during updates
Description:
Insert a mail merge field

Available field for the 'Mergefield' option are:
o filename

e projecthame

e description

e licensename

e moduletitle

1.8.3 Custom Report Templates

Custom report templates can be added in subdirectory “templates/module-id”.
Reports based on these templates can be generated by selecting the report
template under Report->Report templates.
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The report templates are word files with DOCVARIABLE fields. These fields are
filled on generation of the report.

Possible fields are:

e DOCVARIABLE VAR name [unit]: the variable with the name ‘name’ is
printed. Optionally a unit can be provided in brackets, for example
[mm]. Additionally, a format could be added like %6.3g or %6.3f, where
‘t” always generates a fixed point output and ‘g’ generates an
exponential output for large numbers.

e DOCVARIABLE VARU name [unit]: the variable with the name ‘name’
plus the unit are printed. Optionally a unit can be provided in brackets,
for example [mm)].

e DOCVARIABLE TABLE tablename: A table is inserted.

e DOCVARIABLE GRAPHIC graphicName width=130 height=70: A graphicis
inserted. Optionally height and width can be given in millimeters.

Regarding details for variable names, table names and graphic names please ask
support@mesys.ch for additional documentation.

1.8.4 Result tables

In the menu Report->Result tables, it is possible to output the result data by
means of tables, which can be generated in different file formats as explained
before at Configuration with INI-File[14]

1.9 COM Interface

The software can be accessed via a COM-Interface under Windows. The installation
of the COM-Interface is optional and it can be selected during installation. Before
the first use the COM-server has to be registered.

19.1 Registering the COM server

The COM server can be registered by running MesysCOM(64).exe with parameter -
regserver as administrator. This has to be done once.

For unregistering the parameter -unregserver can be used. In the installation
directory two batch files RegisterMesysCOM and UnRegisterMesysCOM are
provided so that the registration can be done without a comment window.
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19.2  Using the COM server

The COM server can be used to call functions within the MESYS software from
other programs.

A simple example in a VisualBasic function:

Public Sub test ()

Dim mesys As MesysCOM
Set mesys = New MesysCOM
Dim rbc As MesysRBC

Set rbc = mesys.createRBC
Dim d As Long
Dim pmax As Double

Call rbc.setVarInt ("inputType", 2)
Call rbc.setVarInt("z", 12)

Call rbc.setVarDouble ("Dw", 5)

Call rbc.setVarDouble ("Dpw", 50)
Call rbc.setVarDouble ("Fy", 1000)
Call rbc.setVarDouble ("ni", 500)

result = rbc.Calculate

Call rbc.showReport ("c:/temp/report.pdf")
Call rbc.getVarDouble ("pmax", pmax)

Call rbc.getVarInt("z", d)

Call rbc.calculateBearing(True, 0, True, 1000, True, 0, False, 0, False,

Call rbc.getVarDouble ("pmax", pmax2)
Set rbc = Nothing
Set mesys = Nothing

End Sub

The server provides the interface MesysCOM which can be used to create
calculation modules. Available methods are:

e void setlLanguage(QString lang);

Pass language as two characters ("de", "en", "fr", "es", "ko", "zh",

"ja")
e int getVersion();

Returns version in format yyyymm.
e MesysRBC* createRBC();

Create bearing calculation module without user interface.
e MesysSHAFT* createSHAFT();

Create shaft calculation module without user interface.
e MesysHERTZ* createHERTZ();

Create Hertz stress calculation module without user interface.
e MesysBALLSCREW* createBALLSCREW();

Create ball screw calculation module without user interface.
e MesysGUIRBC* createGUIRBC();

Create bearing calculation module with user interface.
e MesysGUIHERTZ* createGUIHERTZ();

Create hertz stress calculation module with user interface.
e MesysGUISHAFT* createGUISHAFT();

Create shaft calculation module with user interface.
e MesysGUIBALLSCREW* createGUIBALLSCREW();

Create ball screw calculation module with user interface.

MESYS Calculation Software
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The interfaces MesysRBC, MesysSHAFT and others without GUI create
calculation modules without user interface. MesysGUIRBC, MesysGUISHAFT
are calculation modules with user interface.

General methods for all calculation modules are:

e bool calculate();
Run calculation.
e bool loadFile(QString filename);
Load file.
e bool saveFile(QString filename);
Save calculation file.
e bool generateReport(QString filename);
Generate a report into the filename.
e bool showReport(QString filename);
Generate the report into the filename and call a program to view it.
e bool generateSpecialReport(QString type, QString filename);
e Generate a special report into the filename. Use type as "resultTables"
for result tables.
e bool generateImage(QString imageID, QString filename, int dpi, int
widthinMM, int heightinMM);
Generate an image and save it as file.
e bool setVarDouble(QString name, double value);
Set variable to double value.
e bool setVarBool(QString name, bool value);
Set variable to boolean value.
e bool setVarInt(QString name, int value);
Set variable to integer value.
e bool setVarString(QString name, QString value);
Set variable to character value.
e bool getVarDouble(QString name, double &value);
Read back double variable.
e bool getVarBool(QString name, bool &value);
Read back boolean variable.
e bool getVarInt(QString name, int &value);
Read back integer variable.
e bool getVarString(QString name, QString &value);
Read back character variable.

Additional methods for bearing calculation:

e bool calculateBearing(bool enterFx, double Fx or_Ux, bool enterFy,
double Fy or Uy, bool enterFz, double Fz or Uz, bool enterMy, double
My_or_Ry, bool enterMz, double Mz_or_Rz, double ni, double ne, double
Ti, double Te);

Run bearing calculation with given loading.

e bool setupLoadSpectrum(int count, bool enterFx, bool enterFy, bool
enterFz, bool enterMy, bool enterMz);
Setup load spectrum definition.

e bool setLoadSpectrumLoad(int loadCase, double frequency, double
Fx_or_Ux, double Fy or_ Uy, double Fz_or_Uz, double My or_ Ry, double
Mz _or Rz, double ni, double ne, double Ti, double Te, double TOil);
Set load spectrum load for each load case

e bool selectBearingFromDatabase(QString manufacturer, QString
bearingName);

Selects a bearing based on name and manufacturer from the database

e bool getStiffnessMatrix(double& c11, double& c12, double& c13, double&
cl4, double& cl15, double& c21, double& c22, double& c23, double& c24,
double& c25, double& c31, double& c32, double& c33, double& c34,
double& c35, double& c41, double& c42, double& c43, double& c44,
double& c45, double& c51, double& c52, double& c53, double& c54,
double& c55);
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Reads back the bearing stiffness matrix with units N, Nm, mm, rad. The
order of rows and columns is like in the report ux, uy, uz, ry, rz.

Additional methods for ball screw calculation:

e bool calculateBallScrew(bool enterFx, double Fx_or_Ux, bool enterFy,
double Fy or_ Uy, bool enterFz, double Fz_or_ Uz, double Rx, bool
enterMy, double My or Ry, bool enterMz, double Mz or Rz, double ni,
double ne, double Ti, double Te);

Run ball screw calculation with given loading

e bool setupLoadSpectrum(int count, bool enterFx, bool enterFy, bool
enterFz, bool enterMy, bool enterMz);
Setup load spectrum definition

e bool setLoadSpectrumLoad(int loadCase, double frequency, double
Fx_or_Ux, double Fy or Uy, double Fz or Uz, double Rx, double My or_ Ry,
double Mz_or Rz, double ni, double ne, double Ti, double Te, double
TOil);

Sets load spectrum load for each load case

e bool getStiffnessMatrix(double& c11, double& c12, double& c13, double&
cl4, double& cl15, double& c21, double& c22, double& c23, double& c24,
double& c25, double& c31, double& c32, double& c33, double& c34,
double& c35, double& c41, double& c42, double& c43, double& c44,
double& c45, double& c51, double& c52, double& c53, double& c54,
double& c55);

Reads back the stiffness matrix with units N, Nm, mm, rad. The order of
rows and columns is like in the report ux, uy, uz, ry, rz.

Each calculation module with GUI provides following methods:
e void showWindow();

Show user interface.
e void hideWindow();

Hide user interface.
e void exec();

Show user interface and process events until the window is closed.
e void setlLanguage(QString lang);

Pass language as two characters ("de",
e MesysModule* getCalcModule();

Get the calculation module from the user interface.
e void setCalcModule(MesysModule*);

Set the calculation module for the user interface.

enu’ "'Fr‘", "eS", "ko'l, uzhu)

The names for variables of the calculation modules are the same as
provided for the custom report templatesrﬁﬁ. Currently the use for the
shaft calculation is limited as additional functions for changing loads
and supports are missing.
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2 MESYS Shaft Calculation

The shaft calculation (Version 07/2019) calculates the deflections, internal forces
and the natural frequencies of several shafts connected by boundary conditions.
The following features are supported:

e Definition of multiple coaxial shafts is possible
e Definition of parallel shafts (with extension for shaft systems)

e Definition of shafts in arbitrary direction (with extension for advanced
shaft systems)

e Shaft geometry is defined by cylindrical and conical elements
¢ Inner and outer geometry can be defined independently

e Shear deformation can be considered optionally

e A nonlinear shaft model can be used optionally

e The weight of the shaft can be considered optionally

e An arbitrary number of loads can be defined on each shaft either as point
or line loads. Loads (without masses) may be defined outside of the
shaft geometry also. Available loading elements are:

o Force element with three components each for force and moment

o Eccentrical force element with three force components in polar
coordinates

o Helical Gear element using gear data and torque as input

o Bevel/Hypoid Gear element using gear data and torque as input
o Worm/Worm Gear element using gear data and torque as input
o Coupling element for entering a torque only

o Pulley element for torque and pretension

o Mass elements for introducing weight and inertia for natural
frequencies

o Imbalance and dynamic force as periodic loads for harmonic response

e An acceleration can be defined for the system and is considered as
inertia force

e An arbitrary number of boundary constraints can either be defined
between a shaft and a rigid housing or between two coaxial shafts.
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e Several housing stiffness matrices can be considered either with three or
six degrees of freedom per node

e Import of shaft geometry as 2D DXF or 3D STEP file

e Strength calculation according DIN 743 (with extension for shaft
strength)

e Connections by cylindrical gear pairs (with extension for shaft systems)

e Connections by bevel gear pairs (with extension for advanced shaft
systems)

e Connections by worm-worm gears (with extension for advanced shaft
systems)

e Planetary gear sets (with extension for advanced shaft systems)
e Centrifugal forces are considered on planet shafts

e Calculation of shaft speeds considering given constraints (with extension
for shaft systems)

e Data exchange with several programs for gear calculation (with
extension for shaft systems)

¢ Nonlinear rolling bearing stiffness can be considered
e Bearings can be selected from a database

e MESYS Rolling Bearing Calculation[ 2+ is fully integrated in the shaft
calculation

e MESYS Ballscrew Calculation[=141is fully integrated in the shaft calculation

e Calculation using load spectra

e Natural frequencies are calculated considering torsion, bending and axial
modes (with extension for modal analysis)

e Campbell diagram (with extension for modal analysis)

e Harmonicresponse to periodic forces (with extension for modal
analysis)

e Thermal expansions, optionally with varying temperature on a shaft
e Parameter variations

e 3D axisymmetric elastic parts considered by 3D FEA (with extension for
3D elastic parts)
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3D elastic planet carriers defined parametrically orimported as STEP file
(with extension for 3D elastic parts)

Import of housings as STEP file and consideration as stiffness matrix and
optionally by modal reduction (with extension for 3D elastic parts)

Consideration of elastic deformation of bearing rings (with extension for
3D elastic parts and full bearing calculation)

Consideration of gear body deformation (with extension for 3D elastic
parts and shaft systems)

2.1 Input Parameters
I ————————

The input parameters are shown on several pages which can be selectedina
system tree.

2.1.1  System Inputs

If the element ‘System’ is selected in the system tree on the left, some general
data can be defined.

Systern

¥ Systemn
* Shafts
Shaft

I I I 6 S llj S Shaft Calculation
Engineering Consulting Software AG
Project name | |
Calculation description | |
Settings Lubrication Display settings
Consider weight Housing material Steel i |
Angle for weight = ®  Housing temperature Tn ICI =C
[ caleulate natural frequendies Required life H 20000 h
[] consider gyroscopic effect Bearing reliability 5 % [
Maximum frequency Frnme Hz Strength calculation |Ir1ﬁr1ite life according DIM 743 ~ |

Mumber of frequencies
[] Consider gears as stiffness

[] consider gears as point load
[ consider housing stiffness

MESYS Calculation Software

Bearing position |Deﬁniﬁcr‘| for each bearing A |

N r—

Shear deformations T

|According Hutchinson - | 1

[ consider nonlinear shaft madel
[ consider load spectrum
Calculate modified bearing life
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2.1.1.1 Project name and calculation description

The project name and the calculation description are just inputs which are shown
in the report header. They can be used to enter information about the purpose of
the calculation for documentation.

2.1.1.2 Settings

2.1.1.2.1 Consider weight and accelerations

The weight of shafts and additional masses is considered in the calculation if this
option is set.

Consider weight

P "

i74 Define acceleration @ ®

Global accelerationinx ax |0 m,fs*

Global accelerationiny ay 0 mjs®

Global accelerationinz az 0 m,fs* Hz
E Ok ] [ Cancel ]

The “7-button next to the weight checkbox allows the definition of global
accelerations for the three axes. The accelerations are also available within the
definition of a load spectrum.

The weight is already considered by setting the flag “Consider weight”. It does not
have to be entered as acceleration. The input for accelerations is thought for
additional accelerations like in gearboxes in vehicles.

2.1.1.2.2 Angle for weight

The direction of the weight can be defined by this setting. The angle is in the x-y-
plane, a rotation around z-axis. A value of zero results in a weight in the direction
of shaft axis. The weight direction is also shown as an arrow in the shaft graphics.

—l —
g l g
9
Y Yy
|Y
X X
4 z z
Angle 0° Angle -90° Angle 180°
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2.1.1.2.3 Calculate natural frequencies

The calculation of natural frequencies can be activated here. Running a calculation
is faster if natural frequencies are not calculated. If a load spectrum is active, the
natural frequencies are calculated only for the selected result element.

Calculation of natural frequencies also has to be activated if an harmonicresponse
to dynamic loads should be calculated.

2.1.1.2.4 Consider gyroscopic effect

If this setting is activated, a gyroscopic matrix is considered in the calculation of
natural frequencies. The mass inertia around x-axis and the speed of the shaft are
required for this gyroscopic matrix.

@ Camphbell diagram options

Start factor for speed
End factor for speed
Mumber of speeds 5

Mumber of harmonics

I,

Maximum number of threads

Accuracy for critical frequency 0.02 Hz
Increase accuracy for mode changes

[ ] caloulate critical frequencies

Consider gear frequencies

[] simplified method for harmenic response

Coeffident for global Rayleigh damping o ICI radfs | &
Coeffident for global Rayleigh damping B ICI 5 o
Cancs

The “~-button allows some additional inputs for the Campbell diagram:

e The diagram is generated for speeds between start and end factor times
the current input value for speed.

o The number of speeds is the number of calculation points. Reduce it for
faster calculation. For harmonic response over speed a larger value leads
to smoother curves.

e The number of harmonics shows additional lines for multiples of shaft
speed.

o The Campbell diagram is calculated in parallel as default. The maximum
number of threads can be used to limit the number of threads that are
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used. This can be applicable if the system memory is not sufficient for
multiple parallel calculations of large systems.

e The accuracy for critical frequency is a tolerance for calculation of critical
speeds as intersections of shaft speed and natural frequency.

e If ‘Increase accuracy for mode changes’ is selected, additional points are
calculated when an axial mode changed into a radial mode for example.

e If ‘Calculate critical frequencies’ is selected, the critical frequencies are
calculated when the Campbell diagram is shown. Else they are only
calculated for the report of critical speeds. The diagram harmonic response
over speed gets more accurate in this option is set because additional
calculation points at the critical speeds are considered.

o [f ‘Consider gear frequencies’ is selected, additional lines for gear tooth
frequencies are shown and the corresponding critical frequencies are
calculated.

o [f the simplified method for harmonic response is activated, the harmonic
response is calculated as superposition of mode shapes. The accuracy of
the solutions depends of the calculated number of mode shapes in this
case. For large systems the calculation can be faster if the option is
activated. The result is more accurate if it is not activated.

e Coefficients for global Rayleigh damping are used to define a global
damping matrix as D=o.*M+*K using the global mass matrix M and the
global stiffness matrix K. Using the sizing button, the values can be
calculated so that a user defined damping ratio will result for two given
frequencies.

2.1.1.2.5 Maximum frequency

The maximum value for natural frequencies that are of interest can be entered
here. If this maximum frequency is set too small, in some cases no results for
natural frequencies might be shown.

2.1.1.2.6 Number of frequencies

The number of natural frequencies that should be calculated can be specified
here. Normally only the first few modes are interesting. Both limits, the number of
frequencies and the maximum are considered. If the Campbell diagram shows not
enough lines, these restrictions are often the reason.

2.1.1.2.7 Consider dynamic loads in static equlibrium

If this option is set, dynamic forces and imbalance are considered in the static
equilibrium. This approximation is good enough in case the shaft speed is well
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below the critical speed. The value of the force is taken for time zero, so the
direction of an imbalance is in direction of the input phase.

2.1.1.2.8 Housing material and housing temperature

The material data of the housing is used together with the temperature of the
housing to calculate the axial displacement for boundary conditions connected to
the housing. For the shaft calculation only the thermal elongation coefficient is
important, the other data is only used to transfer it to the bearing calculation.

IF} Material data for housing et

Housing youngs modulus E_Housing MFa
Housing paissan number v_Housing
Housing density p_Housing kgfm3
Housing thermal elongation coeffident  a_Housing 1075k
Housing thermal conductivity A_Housing W m-K
Cancel

2.1.1.2.9 Required life

The required life is passed to gear calculations which are connected to the system,
and it is used for the shaft strength calculation.

2.1.1.2.10 Bearing reliability

The bearing reliability can be optionally defined on system level and is then
passed to all bearing calculations.

2.1.1.2.11 Strength calculation

The method for shaft strength calculation can be selected. Currently, only DIN 743
(2012) is available. It can be selected if the calculation should be done considering

infinite or finite life. For finite life the number of cycles is calculated using the
input for “Required life”.

2.1.1.2.12 Bearing position

The position of the first rolling element for rolling element bearings can be
defined globally using this settings. See Position of first rolling element/ 0]

In case of bearings with clearance and very small loads it might happen, that only
one rolling element is loaded. This can lead to convergence problem as there is
zero stiffness normal to the loading. Then setting the option to "Load direction
between rolling elements" might be helpful. Else the setting "First rolling element
on load direction" leads to the maximum contact stress and the minimum bearing
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life in most cases. Usually there is only a noticeable effect on bearing with a low
number of rolling elements.

2.1.1.2.13 Shear deformations

Shear deformation should normally be taken into account, since there are these
deformations. For comparison with other calculations the shear deformations can
be ignored. For nonlinear shaft model the shear deformations should be
considered to improve convergence.

There are different options available. Either a fixed value can be entered. Usually
1/1.1is used for cylinders. The options ‘according Cowper’ and ‘according
Hutchinson’ are also considering an inner diameter for hollow shafts and the
Poisson number of the material. Hutchinson considers higher order terms in his
formula than Cowper according to (Hutchinson, January 2001) (Cowper., June
1966):

- Hutchinson (Circular Cross Section):

o 6(1+v)?
74+ 12v + 42

- Hutchinson (Hollow Circular Cross Section):

6(a? +b?)?(1 +v)?
7a* + 34a?b? + 7b* + v(12a* + 48a?b? + 12b*) + v2(4a* + 16a?b? + 4b*)

b

where “ is the outer radius, @ the inner radius and ¥ the Poisson’s ratio.

- Cowper (Circular Cross Section):

k= 6(1+v)
746V
- Cowper (Hollow Circular Cross Section):
p 6(1+v)(1+m?)?
(7 +6v)(1+m2)? + (20 + 12v)m?
where ™ b/a is the ratio of inner to outer radius and " the Poisson’s ratio.

2.1.1.2.14 Consider nonlinear shaft model

A nonlinear shaft model can be taken into account. The nonlinear model calculates
equilibrium of loads in the deformed state.

A beam fixed on one side and radially loaded on the other side will show only
radial deflections in the linear model. In the nonlinear model the end point will
also move axially and the length of the beam will not increase. A beam fixed on
both sides will show an increased stiffness against loading in the center, the
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stiffness will increase with the loading because of generated axial loads. The
nonlinear model is only needed on large deflections; normal shafts in mechanical
engineering do not require a nonlinear model.

2.1.1.2.15 Consider load spectrum

If aload spectrum should be taken into account, select this option. An additional
item for the load spectrum will be shown in the tree on the left. See Calculation
with load spectruml 87)for the definition of the load spectrum.

2.1.1.2.16 Consider gears as stiffness

If this option is selected, the shaft diameter is increased to root diameter plus
0.4*module automatically. For the root diameter a dedendum of the reference
profile of 1.25is assumed.

2.1.1.2.17 Consider gears as a point load

If this option is selected, the load line from the meshing of gears is converted to a
point load. This is useful for calculating bearing loads when the user wants to
consider perfectly centered gears loads, that is, no misaligments in tooth mesh.

2.1.1.2.18 Calculate modified bearing life

This setting is passed on to the bearing calculation and activates or suppresses
output of modified life in results. It can be disabled if no information about
lubrication is available.

2.1.1.2.19 Consider configurations

If multiple groups are used, an additional option is shown to activate
configurations. Using the new input page for configurations the status of
connections can be changed to allow different options for power flow. See
Configurations@for usage.

2.1.1.2.20 Consider housing stiffness

When this option is set, an additional page for definition of a housing stiffness
matrix is shown in the system tree. See Housing stiffness matrix[&9)for details of
usage.

A housing stiffness can also be considered by using 3D elastic part as housinggﬂ,
this would be easier to use compared to a raw stiffness matrix.

2.1.1.3 Lubrication

The data for lubrication is only to transfer it to bearing or gear calculations. For
details regarding the inputs, please consult the documentation of the rolling
bearing calculation. The ‘FZG load stage’ is an additional input which is passed to a
gear calculation.
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Lubrication Display settings

(150 vG 220 mineral oil ~ | [l lubrication with on-ine filter 1504406 1714~ |
Gil * | Temperature TQIl 70 =
Viscosity at 40°C nu4g 220 mm?fs Oil density p 890 kgfm3
Viscosity at 100°C nullo 19 mmfs Pressure viscosity coeffident a 0 1/MPa
contains effective EF additives FZG load stage FZG 12—

2.1.1.4 Display settings

There are different view options that can be set under the tab-page ‘Settings’.

Settings  Lubrication  Display settings

Cutaway in 3D No cutaway ¥ | Color for bearings in 2D view _l -
Animation frequency for mode shapes f Hz Color for custom bearings in 2D view _I _I
Rotation speed for animation n El rpm  Color for hybrid bearings rolling element -
Scale factor for deflections Su Default color for shafts -
Scale factor for bearing stress Sp l:l Default color for gears -

Lighting factor for shaft geometry 2D fl
Lighting factor for shaft geometry 2D fid
Equivalent stress for required diameter sigV MPa

Cutaway in 3D: It is possible to generate a cutaway view for all the existing shafts.
If needed, the cutaway can be only applied to the hollow shafts. This setting can
be overridden for individual shafts.

Cutaway for all shafts
Cutaway for hollow shafts
o

With regard to the 3D animation settings, both the frequency for modes shapes
and the rotation speed are adjustable. The default frequency of 0.2Hz for the
mode shape above, will lead to a period of 5 seconds in the animation. The 3D
pressure distribution of the bearings can be easily exaggerated with a scale factor
‘Sp’. And with the ‘Su’ the deformed shape in 3D can be also scaled. Setting 'Su' to
zero will show the deformed shape in 3D without scaling, so scale factor of one.

Cutaway in 3D

Animation frequency for mode sha

Rotation speed for animation

The look of the shaft geometry in 2D can be emphasized by applying a lighting
factor ‘fI’. The factor ‘fld’ is used for the shaft background graphicin 2D diagrams.

The input value for 'sigV' allows the user to specify the maximum permissible
stress that any shaft shall reach under loading. In this way, the software shows
graphically an approximation of required diameter of the shafts subjected to a
maximum value of equivalent stress. Please refer to the ‘Graphics area’ section of
this document on how to visualize the required diameter diagram.
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Colors for bearings can be specified on the right of the window. The left button is
for bearings, which are connected to one shaft and the housing, while the right
button is for bearings connected to two shafts.

In addition, a default color for shafts and gears can be defined.

2.1.1.5 System optionsin the system tree

Several options are available in the system tree under "Shafts" and "Bearings"
using the context menu.

The context menu under "Shafts" provides following options:

e "Add shaft" adds a shaft to the Add Shaft
system.If groups are used shafts Add Group

can only be added to groups. Add Coaxial Group

e "Add groups" adds a group to the Add Planetary Group
systems. Add elastic part as housing
e "Add coaxial groups" adds a Add elastic part as shaft
coaxial groups. The difference Import shaft system
between coaxial groups and
groups is, that coaxial groups only S
have an axial position and support Export geometry
elements can be used between Sort groups and shafts

shafts in different coaxial groups.

e "Add planetary groups" adds a planetary group. A planetary group
rotates about a carrier shafts and a number of planets can be defined on
the group. All elements are generated "number of planets" times.

e "Add elastic part as housing" adds a 3D-elastic part as housing. This part
does not rotate. See 3D elastic part as housinggﬂfor details.

e "Add elastic part as shaft" adds a 3D-elastic part as shaft. This part can
rotate and it can also be a planet carrier. See 3D elastic part as shaft[92)
for details.

o "Import shaft system" allows to import an existing shaft system. Eithera
file of a MESYS shaft calculation can be selected of a file in REXS format.

e "Export shaft system" allows the export of the system in REXS format.
This format allows the data exchange with other CAE software.

e "Export geometry" exports the system as STEP file. Only a simplified
geometry is used for gears and bearings. The export could be used to
check itit would fit into a housing for example.
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2.1.2

e "Sort groups and shafts" sorts shafts and groups alphabetically. Initially
the elements are sorted in creation order.

The context menu under "Bearings" allows to activate or deactivate settings for all
bearing calculations at the same time:

Activate 'Extended pressure distribution’ for all roller bearings

Deactivate 'Extended pressure distribution’ for all roller bearings

Activate 'Consider centrifugal force' for all bearings

Deactivate 'Consider centrifugal force' for all bearings

Select minimum clearance for all bearings

Select medium clearance for all bearings

Select maximum clearance for all bearings

Select 'Elastic ring expansion is not considered’ for all bearings

Select 'Elastic ring expansion based on mimimum radial force' for all bearings
Select 'Elastic ring expansion based on medium radial force' for all bearings
Select 'Gyroscopic moment is not considered' for all ball bearings

Select 'Gyroscopic moment based on outer raceway control' for all ball bearings
Select 'Gyroscopic moment based on outer raceway control, distributed force' for all ball bearings

Select 'Gyroscopic moment based on friction’ for all ball bearings

Definition of shafts

r —
{11 MESYS Shaft Calculation - MESYS AG L= L= g

S —

File
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4 System y
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In the system tree using a right click on “Shafts”, additional shafts can be added to
the system. The shaft can be defined by selecting it in the system tree.

Either shafts can be directly added, if only single or coaxial shafts are used. For
general shaft systems groups or coaxial groups can be used to build shaft systems.
Planetary groups are used for planet shafts to model planetary gear sets.

2.1.2.1 General shaft data

On the first page “General” some general data and data for the strength calculation
can be defined for each shaft.

General Geometry | Loading Supports | Sections | Settings |

General Strength

MName Shaft Load factor (static) KASs 1 [F]

Material Steel v] Load factor (fatigue) Ka f 1 [F]

Position ¥ 0 mm Qverload case ’Consmnt stress ratio - ]

Speed n 0 rom [ Diameter at heat treatment des 0 mm [

Temperature T 0 o Number of load cydes M il wE [
Factor for surface work-hardening KV 1 [F

Stress ratio, tension Pulsating |0
Stress ratio, bending Alternating - | -1
Stress ratio, torsion Fulsating |0

2.1.2.1.1 Name

A name for each shaft can defined which is used in the system tree, messages and
the report to identify the shaft.

2.1.2.1.2 Material

The material can be selected from the data base. The “#-button allows to see the
material data or to change the data if user-input is selected.

2.1.2.1.3 Position

If several shafts are defined, they can have different axial positions. The value for
position defines the position of the start point or the left end of a shaft relative to
the group. All loads and boundary conditions are then defined relative to this start
point.

The shaft position cal also be changed by dragging the shaft in the 2D view using
left mouse button together with Shift and Control keys.

2.1.2.1.4 Speed

The rotation speed of the shaft has an influence on bearing life and natural
frequencies with gyroscopic effect. If the checkbox behind the inputis not

MESYS Calculation Software © 2019 MESYS AG



MESYS Shaft Calculation

selected, the software is trying to calculate it using constraints. It is set to zero if
the shaftis not connected to others.

A positive speed is a clockwise rotation looking in the x-direction.

2.1.2.1.5 Temperature

The temperature of the shaft can be defined here. The temperature is transferred
to the bearing calculation and will induce axial stresses into the shaft.

In case that the shaft temperature is not uniform, the user must set the flag
corresponding to ‘Consider temperature per element’ at the tab-page ‘Settings’.
That allows the user to add a temperature difference ‘AT’ (%) for each element
created at the outer geometry on the temperature previously set at the tab-page
‘General’. The reference temperature with no stress field is 20°C.

2.1.2.2 Data for strength calculation

There are several inputs for the strength calculation according DIN 743 which are
defined for each shaft.

2.1.2.2.1 Load factor (static)

For the calculation of static safety factor, the maximal load is multiplied with the
static load factor.

2.1.2.2.2 Load factor (fatigue)

For the calculation of safety factor against fatigue the maximal load is multiplied
with the load factor (fatigue).

2.1.2.2.3 Overload case

The overload case defines how the permissible stress is calculated. Either
“Constant stress ratio” or “Constant mean stress” can be selected. “Constant stress
ratio” leads to smaller safety factors and is therefore on the safe side.

2.1.2.2.4 Diameter at heat treatment

The diameter at heat treatment is used to calculate the tensile strength and the
yield point for the given material. The software sets it to the maximum shafts
diameter automatically, but for hollow shafts the wall thickness can be chosen
manually, if heat treatment was done for the hollow shaft.

2.1.2.2.5 Number of load cycles

If a calculation for finite life is done, the number of load cycles is derived from
rotation speed and required life as default. But for non-rotating shafts this is not
possible. Then the number of load cycles can be entered manually.
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2.1.2.2.6 Factor for surface hardening

In DIN 743, a factor for surface hardening KV increases permissible stress. It can be
set for hardening or mechanical treatment like shot-peening. As the standard
provides a wide range for this value, it has to be defined by the user.

2.1.2.2.7 Stress ratio

The stress ratio R is usually defined as minimum stress value divided by maximum
stress value, which leads to values between -o= and +1.

The software is using a value between -1 and +1 instead and it defines the stress
ratio using the following definition:

01

e lop | < |o]
R=<72

o

—2, lor | < |oal

01

Using this definition R =0 can be used for pulsating loads between zero and a
positive or a negative value. For alternating load R =-1 and for constant load R = +1.

The stress ratio can be defined for tension, bending and torsion independently.
For a rotating shaft the stress ratio for bending should usually be -1. If the stress
ratio for torsion is not given, make a calculation with two cases: constant and
pulsating for example. It depends on the current loading which case is
conservative.

2.1.2.3 Geometry data

The geometry data of a shaft is defined on page “Geometry”. The geometry can be
defined using cylindrical and conical elements for outer and inner geometry. The
shaft geometry could also be imported from CAD files, see Import of shaft
geometry from CAD files| 781

L e
“ 2
' ol
L2
T o
z_/ 5
General Geometry Loading Supports Sections Settings

Quter Geametry L =30rmrm Inner Geometry L =9 0rmrm
Length [mm] Diameter 1 [mm] Diameter 2 [mn Length [mm] Diameter 1 [mm] Diameter 2 [mr
L == o =
240 30 El 20 10 5 @
320 20 340 5
410 20 10
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There is an input table for both inner and outer geometry. The plus and minus
buttons allow adding and removing rows, the arrows can be used to move an
element up or down in the table.

Length and diameter 1 have to be defined for each element. If diameter 2is left
empty, a cylinder is used else a cone. No negative values are permitted. The total
length is shown above the table.

If a hole from the right shall be defined as inner geometry, enter a first element
with diameter zero to get to the start position on the hole.

The dimensions of each element can also be changed in the view. Use Shift and
left mouse button for it. For changing the length the click needs to be in the right
third of an element. For changing the diameter it has to be in the upper third of an
element. To change a cylinder into a cone element the mouse needs to be in the
left third of an element. The interactive change is restricted to a Imm grid. Using
Shift and Control buttons will move the shaft instead of changing an element.

The table for outer geometry also allows an input for a temperature difference if
the corresponding option under settings is activated.

2.1.2.3.1 Background drawing

Using the contact menu (right mouse button) a background graphic can be added to
the 2D-graphic. Here a CAD-drawing can be set as background image if a PDF
drawing is available only.

The background drawing is added using "Set from clipboard" after copyinga
section in the PDF drawing. Then with "Set origin" the location of the drawing is
defined and with "Set horizontal scale" or "Set vertical scale" the scale factor is
defined.

The background drawing can also be moved to the foreground using the contact
menu or it can be rotated.

Then the shaft geometry can be adjusted to the drawing. Either by changing the
geometry elements or by using the input as polyline. First define the inner
geometry and then the outer geometry.
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2.1.2.3.2 Define geometry as polyline
Using the context menu an input of inner or outer geometry as polyline can be
activated. This is usually done after setting a background drawing, but is
independent of it.

Using the left mouse button, points for the polyline can be added. A red line
shows an invalid position for the next point and this will not be accepted. Using
Shift plus left button the last selected point is removed again. The right mouse
button is used to stop the input and the result is set to the table for inner or outer

geometry.

The selected points are rounded to a millimeter.

2.1.24 Loading

Loads can be defined on the page “Loading” for each shaft. Loads may be defined
outside a shaft; masses may not be outside of a shaft. Loads can also be changed by
double-clicking them in the graphics. They can be moved in the graphic by using
Shift and the left mouse button.
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S
A
@
¥
General Geometry Loading Supports I Sections I Settings
Force x=10, 'Load' @ [Fon:e -
Cylindrical gear x=40, 'Gear'
Coupling x=70, 'Coupling’ E Mame Load
@ Position X 10— mirm
Width b mm
Axial Force Fx 07 N
Radial Force Fy W M

Loads can be added by the plus button next to the list. The type of the loading can
be selected using the list on the right. Each load element has a name to identify it,
a position relative to the left end of the shaft and a width.

The graphical representation just shows a symbol for the load, not the actual
direction, as it can have six components. The coordinate system is shown on the
right. The shaft axis is in x-direction, the y-axis goes up and the z-axis to the front.
The weightis in negative y-directions a default (angle Bw =-90°).

2.1.2.4.1 Force

The load element “Force” allows the definition of a force and a moment with three
components each. The moments are moments around an axis. So Fx is the axial
force and Mx is the moment around the x-axis so itis a torque.

2.1.2.4.2 Coupling

The coupling only allows a definition of a torque. The direction on the torque can
either be defined by its sign or by the selection “Shaft is driven” (torque has the
same sign as the rotation speed) or “Shaft is driving” (torque has different sign
than the rotation speed).

2.1.2.4.3 Cylindrical gear

The load can be defined by entering geometry data for a cylindrical gear and a
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torque.
The direction of torque can either NemE: | Goor
be defined by its sign or by the S
selection “Shaft is driven”/Shaftis Pasition * qﬂ ___________________________ mm
driving”. The contact pointis given  Width b 30 mm
by an angle of contact, which is oo L s o
zero on the y-axis and 90° on the o

. Direction of torque [Dwn Input -
Z-aXIs' .................................

Angle to contact ¢ ] =

The gear is deflned by the Usual Number QFtEEth a 25 ...........................
dataon a gear drawing: Numberof
teeth, normal module, normal Narmal module mn 2 mm
pressure angle, helix angle with Mormal pressure angle a, 20 &
its direction. Optional inputs are Helix angle B, . -
the number of teeth for the -
mating gear and the center Fel drecton et .
distance. If they are given, the Mumber of teeth of mating gear 22 25
loads are calculated for the Centor distarce A -
operating center distance, which

is more accurate than on the
reference diameter.

Forinternal gears the number of teeth has to be entered as negative value, the
center distance is always positive as defined in ISO 21771 for gear geometry.

2.1.2.4.4 Bevel gear
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The load can be defined using

Mame Bevel gear
torque and geometry data for a

bevel or hypoid gear. Position x |4 mm
Width b 20 mm
The direction of torque can either be
defined by its sign or by the Torque r o him
selection “Shaft is driven”/Shaftis  Direction of torque [Dwn Input - ]
driving”. The contact pointis given  gyrientation [;,,pex on the right - ]
by an angle of contact, which is zero
. R . Angle to contact L a =
on the y-axis and 90° on the z-axis.
Mumber of teeth z 25
Either the pitch angle can be defined
) . . . Mormal module mn 2 mm @
directly oritis calculated using axis ]
angle and number of teeth of the Pitch diameter de  64.1421 mm L
mating gear. Profile shift coeffident X 0
Instead of the mean normal module, Seneratedpressureangle o 20 ¢
the outer pitch diameter can be used Generated pressure angle  a.c 20 °
asaninput. Helix angle B= O =
The width is the width of the gear Helix direction [Spur gear ']
(the length of the flank), the axial Pitch andle 5 a5 o [

length of the loaded shaftis smaller

. Mumber of teeth of mating gear 22 25
dependent on the pitch angle. 29

Axis angle =" 2

Center distance a v} mim

2.1.2.4.5 Worm

The load can be defined using torque and geometry data fora worm.

The direction of torque can either be Heme | Virorm

defined by its sign or by the selection Position ¥ 1500 mm

“Shaft is driven”/Shaft is driving”. The Width b 500 mm

contact point is given by an angle of

Lo . o Torgue T ] Mm

contact, which is zero on the y-axis and 90

on the z-axis. The gearis defined by the  Direction of torque [DW” Input A

usual data on a gear drawing: Number of  angle to contact i a o

teeth, axial module, normal pressure

S ) Mumber of teeth z 1

angle, lead angle with its direction. The

gear friction coefficient, W, can be set for Axial module mx 20 bio

the gear contact Mormal pressure angle 9. 20 =
Lead angle Yo 5 =
Helix direction Helix left hand -

Gear friction coeffident = 0
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2.1.2.4.6 Worm gear

The load can be defined using torque and  ame worm gear
geometry data forawormgear.

Position ® 500 i}
The direction of torque can either be Width b 0 mm
deflnefi by‘lts sign or bY the. s‘electlon Torque = ' -
“Shaft is driven”/Shaft is driving”. The

Direction of torque [an Input -

contact pointis given by anangleof =T R e
contact, which is zero on the y-axis and Angle to contact I 0 o
90° on the z-axis. The gearisdefinedby . .. . .

Mumber of teeth z 40
the usual data on a gear drawing: Number
Transverse module mt 20 mm
of teeth, transverse module, normal "~~~ — —
pressure angle, helix angle with its Profile shift coeffident x 0
direction. Optional inputs are the number ygmal pressure angle = 20 o
of teeth for the mating gear and the -/
. o Helix angle B- & Gz
center distance. The gear friction
coefficient, ., can be set for the gear Helix direction [Helixlefthand  ~

contact. Gear friction coeffident p: 0

2.1.2.4.7 Eccentric force

The eccentric force allows entering a force with three components at a point which
is not on the shaft axis. The point and the force are defined in polar coordinates.
The angle is defined in the same way as the angle of contact in the cylindrical gear
(see above).

The radial force is positive if away from the shaft center, the tangential force is
positive in the direction of the angle. Moments are calculated by the points and
forces given.
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2.1.2.4.8 Mass

Additional mass can be [Mass v
defined using the “Mass”
element. In addition to its| Mames Mass
mass, also the mass Pasition x O mm
moment of inertia around|

Width b 0 Vi
three axes can be
defined. The weight of Mass R kg
the mass is considered Mass moment of inertia Jxx O kg m?
and |t|s.con5|dered in the e Wy 0 kpme?
calculation of natural

. . &

frequencies. Mass moment of inertia Jzz O kg m

Eccentricity -] 0 mm
If awidth is entered, the

. Phase i ] o

mass is equally

distributed on this line.

The total mass inertias of this distributed mass are the input values, which results
in @ minimum value for Jyy and Jzz. A message will be shown if the input values are
too small.

If the added mass has an eccentricity, it will cause rotating unbalance and can be

. . . — 2, Ji(wt+e)
considered as a harmonic force according to the formula: £ = Mecc@” " e

(eccz eccentricity in mm). A phase shift, ? (°), for the imbalance force can be taken

into account too. The imbalance will only affect the results for the harmonic
response. Bearing life, contact stress or safety factors for shaft strength will not
change. Setting the option Consider dynamicloads in static equlibrium[47will lead
to a change of bearing life or safety factors, but this is an approximation only.

2.1.2.4.9 Imbalance

If an imbalance should be [Irrlbalan::e -
only considered as a force

without adding mass to Mame Imbalance

the shaft, this element Pasition x 0 mm
has to be used. The

. . Mass m 0 kg
imbalance force will be

regarded as a harmonic Eccentricity e 0 mm
force and calculated in Phase ® 0 o
the same way as with an

. . - 2. pilwt+e) . .
eccentric mass, that is: £ = Meccw” e , but the inertia and the natural

frequencies of the shaft will remain unaffected.

The imbalance will only affect the results for the harmonic response. Bearing life,
contact stress or safety factors for shaft strength will not change.
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Setting the option Consider dynamicloads in static equlibriuml 47 will lead to a
change of bearing life or safety factors, but this is an approximation only.

2.1.2.4.10 Dynamic force

This element allows the user to consider harmonic loads (moments or forces) on a

shaft according to:
F =F.pllwtte)

| Dynamic force e |

. A factor
h is multiplied to the Name |Dynamic force |
shaft rotation frequency. | position
In case that the
frequency is not
dependent on the shaft
speed, then it can be Radial Force Fz
manually specified by

=

I

3
= |

=

Axial Force Fa

=

Radial Force Fy

=

Targue Mx m
checking the box next to _
the "Frequency" at the Bending moment My
software dialog. A phase | Bending moment Mz Mm
shift can be defined for | Frequency £ e [
the force as well.

Harmonic h
The dynamic force will Phase m o

only affect the results
for the harmonicresponse. Bearing life, contact stress or safety factors for shaft
strength will not change. Setting the option Consider dynamic loads in static
egulibriummwill lead to a change of bearing life or safety factors, but this is an
approximation only.

2.1.2.4.11 Pulley

The load can be defined defining a torque on the pulley and its pretension coming
from a belt.
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Pulley -
Mame Pulley
Position M 40 mm
Width b 10 mm
Pretension force Fpre 20 M
Targue T 200 M
Direction of torgue Shaft is driving -
Angle of first force a: 30 =
Wrap angle Ao 120 =
Diameter d &0 mm (@
Mumber of teeth z 0 ]
Pitch p i mm

The direction of torque can either be defined by its sign or by the selection “Shaft
is driven”/Shaft is driving”. The positioning of the contact surface is given by an
angle of first contact, which starts clockwise from zero on the y-axis, and followed
by the wrap angle as shown in the picture below. The pulley diameter can be set
straight away or by means of its teeth number and pitch.

A torque will lead to an increase force on one side of the belt and to a decreased
force on the other side. This is the correct model in case no tensioning pulley is
used.

2.1.2.,5 Supports

Boundary conditions can be defined on the page “Supports”. They can also be
edited by a double click in the graphics or moved by using Shift and the left mouse
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button. Support elements including rolling bearings only define boundary
conditions, they have no mass or weight. For most supports an excitation can be
defined which is considered in calculation of harmonicresponse, see
Excitations| 741

(o3
¥
| General | Geometry | Loading | Supports | sections | Settings |
General support x=0, 'Generalsupport’ @ [SUIJWt ~
‘Support x=10, 'Support’
Rolling bearing x=70, 'Rolling Bearing' E Mame  Support

@ Position X 10— mm
Shaft is supported radially

[] shaftis supported axially to the left

[ shaftis supported axially to the right

[ shaftis supported against tilting

[ shaftis supported against torsion

Bearing offset 8. 0 mm

2.1.2.5.1 Support

The “Support” element is an easy-to-use element which allows defining
constraints between the shaft and the housing. There are five checkboxes to
define in which directions the shaft is supported. For axial direction the
movement to the right and to the left can be constrained independently.

A bearing offset can be defined for the three directions. An offset means that the
point on the housing is moved in this direction. The resulting force on the shaftis
in the direction of the offset.

2.1.2.5.2 General support

The “General support” allows the definition of constraints between a shaft and the
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housing or between two shafts for all six degrees of freedom independently.

First a selection can be done to which
element the shaftis connected to. It can be
the housing or a second shaft.

For each degree of freedom, a type of
constraint can be defined then:

e No constraint: No constraint in the direction

is defined.

o Fixed: The degree of freedom between
both elements is coupled in both positive
and negative direction. An offset or a
clearance can be defined optionally. A
positive value for the offset resultsina
movement of the current shaft in this
direction, or a force on the selected shaftin
this direction. The clearance is either zero
or a positive value, it may not be negative.

e Fixed to the left (or right): The selection
“Fixed to the left” means than the selected
shaft is constrained only in the negative
direction (left on a horizontal axis). “Fixed
to the right” is the constraint in positive
direction only. For the unidirectional
constraint an offset can be defined.

o Stiffness: The “Stiffness” acts like a spring.
An offset and a clearance can be defined.
Offset and clearance are defined as
explained for ‘Fixed’ above.

o Stiffness to the left (or right): Like the rigid
constraint also stiffness can be defined in
just one direction. The stiffness and an
offset can be defined.

2.1.2.5.3 Rolling bearing

Mame General Constraint

Position X u] i

[Connect to housing - ]

Translation in x-direction

Type [Nu constraint - ]

Translation in y-direction

Type [Fixed - ]
Offset g, 0 mm
Clearance 4, 0 mm

Translation in z-direction

Type Fixed to the left -

Offset a; 0 mm

Rotation around x-axis

Type |Stiffness v]
Stiffness ax 0 Mm,fr
Offset 6., 0 rad
Clearance A, 0 rad

Rotation around y-axis

Type |5tiffness to the left v]

Stiffness oy 0 Mm,fr

Offset &, 0 rad

Rotation around z-axis

Type |Mo constraint -

The element “Roller bearing” defines a connection to the rolling bearing
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calculation.

The current shaft can be Mame BO1
connected to the inner or to
Position X 30 mm
the outerring of aroller
bearing. The other ring of Type Deep groove ball bearing (6202)

the bearing can be [ShaF’t connected to inner ring - ]
connected to either the : :
housing or another shaft. [Cm"m g i, b oo ']

[ '‘Geometry, Material, Temperature, Lubrication' is connected ]

By clicking on the button
“‘Geometry, Material,
Temperature, Lubrication’ is Shaft is supported axially to the left

connected” the useris Shaft is supported axially to the right

prompted, by means of a Bearing offset 8. 0 mm
pop-up window, to set those
flags of the data to be
transferred to bearing Bearing offset % 0 mm
calculation. Shaft diameters,
material data, lubrication and temperature data can be transferred to the bearing
calculation. Displacements, loads and speeds are always connected.

Shaft is supported radially

Bearing offset gy 0 mm

'‘Geometry' is connected
'Material' is connected
Temperature' is connected
"Lubrication’ is connected

—— —

The shaft can be supported radially and axially to the left and the right. This setting
changes the connection of the bearing outer ring to the shaft/housing. If the
bearing cannot constrain a certain movement, there won’t be reaction forces in
that direction.

The bearing offsets will move the node of the secondary shaft (or housing) in this
direction, it will therefore generate forces to the current shaft in the direction of
the offset. The offset can be used to generate bearing pretension in axial direction
or to take misalignments of the housing into account.

Using the “P-button next to the bearing type a dialog is shown to select a rolling
bearing from the database.

If arolling bearing element is added, an entry for the bearing in the system tree
will be added. If this element is selected, the dialogs of the rolling bearing
calculation are active to define the bearing.
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2.1.2.5.3.1 Selecting bearing from database

The standard interface of the rolling bearing calculation software is shown for
selection of arolling bearing. Either a bearing is selected from the database or
custom input is selected. Restrictions to inner and outer diameter can be applied if
the bearing is selected from the database; the shaft diameter at the bearing
position is set as default value.

For angular contact bearings or taper roller bearings the direction of contact angle
can also be defined at the bottom of the dialog.

i Select bearing type

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

|Deep aroove ball bearing - | |Select bearing from database - |

Inner diameter d EI mm Dynamic load number cr I:I kN
= Static load number Cor I:I kN

Quter diameter D mm D
Gl w

Fatigue load limit

Manufacturer name di[mm] De[mm] B[mm] *
Bearing dearance |User input as operating dearance = |
Generic 63904 20 37 13 !
Diametral dearance pd l:l mm |
Generic 62804 20 32 8 4
Generic 61904 20 e g9 !
Generic G404 20 72 19 i
Generic 61804 20 32 7 <
Generic 6304 20 52 15 1
N N R
Generic 16004 20 42 ] v
< >

QK || Calculate || Cancel
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2.1.2.5.4 Radial cylindrical plain journal bearing

The load-displacement behavior of the plain bearing is calculated according to (I1SO
7902-2, May 1998). Therefore, the ratio of width to diameter is restricted to
0.25<B/D <15

[Radial cylindrical plain journal bearing -

The parameters used for the
definition of this bearing type
are shown in the enclosed

Mame Journal bearing

figure. Clearance represents Position x 0 mm
the total diametric operating [::annectto housing 7
clearance between the journal width . T
and the bearing. Any
eccentricity is introduced Barars = ¢ e
through the corresponding Temperature T 0 o« [
offsetinputsinyand x e Rz 8 um
direction.

Bearing offset o, 0 mm
The optional temperature input | gearing offset o0 mm

does only affect lubricant
viscosity. It does not affect clearance.

Surface roughness is the average between the shaft and the bearing and it is used
to calculate a minimum required film thickness.

The outer ring of the bearing can be connected to either the housing or another
shaft.

For modal analysis the unsymmetrical stiffness matrix of the plain bearing is
replaced by two orthogonal springs, because of limitations of the FEA library.
Therefore, any natural frequencies are an approximation only. No stability analysis
can be performed with this software. Damping is not considered either.

2.1.2.5.5 Ball screw

A ball screw can be used as support element. The geometry of the ball screw can
be defined at the ball
screw elementin the
system tree. The button | pzme |Ball screw |

“Define ball screw” is .

not yet active.

Ball screw -

Shaft connected to inner ring -

Connect outer ring to hausing -

Define ball screw
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2.1.2.5.6 Coupling for reaction torque

A coupling for reaction torque fixes the rotation angle of a shaft. The sum of
torques will be taken at this element.

An additional checkbox allows to consider the constraint in modal analysis or not

to consider it.

2.1.2.5.7 Stiffness matrix

A general symmetric stiffness matrix can be defined between a shaft and the
housing or between two shafts.

[SﬁFFness matrix - ]

Mame Stiffness matrix

Position X 100 mm
| Connect to housing -
ux [rm] oy [mm] uz [mm]  rx[mrad]  ry [mrad]  rz [mrad)

Fx [M] 0 a 0 0 0 0

Fy [M] 0 0 0 0 0

Fz [N] 0 0 0 0

W [Mm] 0 0 0

My [Nm] 0 0

Mz [Mm] ]

2.1.2.5.8 Damping matrix

A general damping matrix can be defined between a shaft and the housing or
between two shafts.
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Darnping matrix o

Mame Damping matrix

Position ¥ 0 mm
| Connect to hausing - |
v [mfs] vy [m/s] wz[m/s] we[rad/s] wy [rad/s] wz[mrad/s]
Fx [M] 0 ] ] ] 0 ]
Fy [N] 500 0 0 0 0
Fz [N] 0 0 0 0
M [Mrm] 0 a 0
My [Nm] 0 0
Mz [Mrm] 0

2.1.2.5.9 Weld point

A weld point is fixing all six degrees of freedom. It is easier to use than a general
constraint/ 66l with all components set to ‘fixed’” but has the same functionality.
The weld point has the additional option to define a width. In case a width >0is
defined, multiple weld points are considered automatically.

2.1.2.5.10 Planetary support

A planetary support is available for planetary shafts. The planetary shaftis always
supported in radial and tangential direction by the carrier. The constraints in axial
direction, against tilting or torsion can be activated independently.

2.1.2.5.11 Axial stiffness

The axial stiffness can be used to define a nonlinear spring in axial direction. An
axial clearance canbe o """/
used to define clearance
or pretension, the data | name |Axial stiffness |
|n‘the table has 'fo start Position y ICI -

with (0, 0). If a diameter | = = :
is defined, the axial :
stiffness will act as g's'ﬁ%égéﬁ'&%é ﬁng ..................................................... =

distributed stiffness on

Axial dearance Pa
this diameter, therefore

Diameter D
the support can also
support tilting moments u [mm] F[M]
if loaded axially. 10 0
The axial stiffness will 21 500
be set to avery large

32 2000
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value behind the last
point for displacement
in the table.

2.1.2.5.12 Cylindrical support

The cylindrical support allows to define a radial clearance over some widths and an
axial clearance between two parts. It can be used to model a ring on or in a shaft.
The constraint can be rigid or a stiffness can be defined. For the axial constraints a
diameter can be defined so it also takes a moment load using a distributed axial
stiffness.
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| Cylindrical constraint - |

Mame |Cy1ir1drim| support |
Position X mm
|Connect to housing - |
Width b [ |mm
Diametral dearance Pd ICI mm
Radial stiffness Cr ICI M, fmm ]

[ ] Consider temperature for radial dearance

[] shaftis supported against torsion
Shaft is supported axially to the left

Axial dearance Pal ICI mim
Diameter DL D mim
Axial stiffness Cal ICI M, fmm O]

[] shaftis supported axially to the right

2.1.2.5.13 Excitations

Excitations can be defined for supports which are connected to the rigid
environment. The are considered in calculation of harmonic response.

MESYS Calculation Software © 2019 MESYS AG



MESYS Shaft Calculation

.y

Housing:51
i g

Base exdtation

f[Hz] phase[*] ux[mm] uy[mm] uz[mm] rerad] ry[rad] rz[rad]
1100 |0 0 0.001 0 0 0 0

Excitation based on shaft rotation

h phase[*] wx[mm] uy[mm] uz[mm] rclrad] ry[rad] rz[rad]

11 0 0 0.001 0 0 0 0

s % (0]

OK | | Cancel

Several types of excitations can be considered:

e A base excitations is a harmonic displacement or rotation of the node in the rigid
environment. It has to be defined by giving a frequency. It could be used for
vibrations of the grounding.

e An excitation based on shaft rotation will rotate with the shaft. If can be used to
model roundness errors. A factor for the harmonicis defined and a factor of one
is an excitation with the shaft rotation speed.

e An excitation based on inner ring rotation can be defined for rolling element
bearings in case of rigid bearing rings. Here also a harmonicis defined and the
excitation rotates with the inner ring.

e An excitation based on outer ring rotation can be defined for rolling element
bearings in case of rigid bearing rings. Here also a harmonicis defined and the
excitation rotates with the outer ring.

2.1.2.6 Sections

Using “Sections” several cross sections can be defined for the strength calculation.
One type of section is “Documentation point” which can be used without the
module for strength calculation. In this case just displacements and forces are
documented in the report, no strength calculation according DIN 743 is performed.

Dependent on the selected type of cross section several inputs are necessary to
define details of the notch effect. All types from (DIN 743-2, Dezember 2012) are
supported.
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| General I Geometry Loading Supports Sections | Settings |
| Shoulder x=20mm, 'Shoulder' | [Shoulder ']

E] Mame  Shoulder
[z] Position X 20 mm
mm

Radius r 5
Surface roughness Rz & pm
t
o M
d
: r

The "Documentation point" has the setting "Calculate stiffness". If the option is
activated the stiffness in 6 degrees of freedom for this point of the shaftis shown
in the results overview and the report. The stiffness is the reciprocal of the main
diagonal of the compliance matrix or the system stiffness reduced to this point. So
itis for example cxx=dFx/dux for constant other forces and moment Fy, Fz, Mx, My,
Mz.

2.1.2.7 Settings

Some settings can be entered for a single shaft:

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

Consider nonlinear bearing stiffness Cutaway in 3D Use global setting n

[ Consider temperature per element

Shear deformations lUse global setting hd ]
Mode density nD 0 1/mm £l
[ Change Color l

2.1.2.7.1 Consider nonlinear bearing stiffness

As default, the nonlinear bearing stiffness is considered for rolling bearings. For

large systems this option can be cleared to decrease calculation time. Without this
option, bearings are considered as rigid. The option is available for each shaft, so it
can be set where bearing stiffness is important and can be cleared on other shafts.

If bearings with contact angle are used, the nonlinear stiffness matrix should be
considered to take into account the coupling of axial and radial loads.

2.1.2.7.2 Node density

The user can overwrite a node density for the FEA model. For a static linear
calculation, the software adds additional nodes for improved resolution of
diagrams. Results are only affected for conical geometry not for cylindrical
elements. For modal analysis the number of nodes can make a difference.
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Reducing the node density decreases calculation time.

2.1.2.7.3 Change color

The color of the shaft can be changed. The transparency is only considered on 3D
view, notin 2D view.

2.1.2.7.4 Consider temperature per element

By setting this flag, the user can add a temperature difference ‘AT’ (%) for each
element created at the outer geometry on the temperature previously set at the
tab-page ‘General’. The temperature difference can also be varied within a load
spectrum.

2.1.2.7.5 Shear deformations

Here it is possible to define which shear coefficient value (kappa) is being taken
into account for the selected shaft. By default, the one defined at the global
settings is used. The other approaches for the calculation of kappa can be selected
from the drop-down list. If ‘user input for kappa’ is selected, then the user has to

press the “P-button in order to enter the desired value.

2.1.2.7.6 Cutaway in 3D

For each shaft the cutaway setting for the 3D view can be set independently of the
general option selected under the tab-page ‘Display settings’.

2.1.2.8 Optionsin system tree

Delete

Duplicate

Mirrar

Split shaft at
Append shafttoc ¥
Export Deflection
Change Color

Move to group #
Import geometry
Export geometry

The context menu with the right mouse button on the shaftin the system tree
provides some additional options:

e ‘“Delete” deletes the shaft.

e “Duplicate” duplicates the shaft. This is helpful if several similar shafts are
needed in a gearbox.
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e “Mirror” mirrors the shaft geometry and positions of forces and supports.
The orientation of forces and supports is not changed.

e "Split shaft at" asks for a position on the shaft and splits the shaft into two
shafts.

e "Append shaft to" appends the shaft to another shaft in the same group.

e “Export deflection” exports a *.csv file for the deflection of a shaft. The
“Result tables” in menu report also contain this information, but for all
shafts instead of one only.

e “Change color” allows to change the color of a shaft.

e "Move to group" allows to move a shaft into another group. This is often
used after "Duplicate".

e “Import geometry” allows an input of shaft geometry as 2D DXF or 3D STEP,
see below for details.

o “Export geometry” exports the shaft as 3D STEP or IGES. Gears and bearings
are included on the export.

2.1.2.8.1 Import of shaft geometry from CAD files

The shaft geometry can be imported from 2D DXF or 3D STEP files. In case of a 3D-
STEP file, the x-axis has to be the axis of the shaft and it has to be only one partin
the file. An intersection of the partin the x/y-plane is done and the resulting
edges are considered as in the DXF input. Relief grooves in the CAD model can lead
to many imported elements.

For the DXF file a normal drawing can be selected. By using the left mouse button,
some geometry can be selected. The selected geometry can either be deleted or it
can be cut. This allows to select the correct geometry for the import. The =P_button
allows to switch through different layers within the DXF file.

If an inner geometry should be imported too, the flag at the bottom of the window
has to be activated.

The DXF file only contains lines. Sometimes the software cannot detect the correct
connections between these lines. In this case the wrongly used lines can be
selected and deleted. The lower part of the window shows the currently detected
geometry input.
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iF Import shaft geometry from CAD O *

pe.
e,
L
]| =
ol
| =
~
el
pe.
e,

Consider inner geometry III

2.1.3  Shaft Groups

For systems with shafts that are not coaxial, shaft groups have to be added. For
each group a position can be defined.

System =
Group name  Group 1
4 System

Position P | Shafis
X-Position X a mm I+ Greupl

S Group 2
Y-Position ¥ ] M Bearings
Z-Position z 0 mm Positicning .

Gear connections

The positions can also be calculated by the software if constraints are used for
positioning. See below.

There are three types of groups:

1. Standard group: The standard group can have an arbitrary position and it
can hold subgroups. Shafts in different groups can not be connected by
supports.

2. Coaxial group: The coaxial group can only be positioned axially relative to
its parent group. Shafts in different coaxial groups can be connected by
rolling bearings or other supports.
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3. Planetary group: A planetary group is needed to define planetary gear sets.
The number of planets can be defined in addition to position. Shaftsin a
planetary group rotate around a planet carrier. The centrifugal loads
caused by this rotation are considered. For bearings and other supports in
planetary groups the result for each planet is shown in the results.

214 Positioning

If multiple groups are used, an additional entry for positioning is shown in the
system tree.

The page “Positioning” can be used to define constraints for group positions. New
constraints are added using the +—button, they can be sorted using the arrows.
The constraints are evaluated once per calculation, so the order can be important.

MESYS Shaft Calculation - MESYS E_ e Lo e
e [ |
Frfe Calculation Report  Graphics  Extras  Help
g t%} L
Group 'Group 2' parallel to group 'Group1'
Ll System E]
4 Shafts E]
I Groupl
Group 2
Bearings
|Pasiticning
Gear connections
]
Group parallel to group - ] l:?
o I
) |
Rebtve o 1o Ex
Offsetin x-direction dc 0 mm I';x
Offsetin y-direction dy 100 mm ':r"
¥
Offsetin z-direction dz 0 mm Lx
R
¥
Result overview =}

Different constraints are available:
e Group parallel to group: Specify an offset between two groups.

e Group according to gear pair: The selected group is positioned according to
the selected gear pair. An additional angle has to be specified, zero is fora
center distance on the y-axis. An axial offset can be entered if the centers
of the gears should not align axially.

e Group according to two gear pairs: One group is positioned according to the
center distances of two gear pairs. The axial position is defined by the first
gear pair.
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2.15

e Group according bevel gear pair: One group is positioned according to
geometry data of a bevel gear. The angle of contact for the reference group
can be defined.

e Shaft according to gear pair: This constraint is moving a shaft axially, so that
the centers of the gears are aligned. An axial offset can be entered
optionally.

e Gear according to gear pair: This constraint is moving a gear axially so that it
is aligned with its mating gear. Here an axial offset can be entered
optionally, too.

e Group according worm gear pair: The selected group is positioned
according to the selected worm gear pair. An additional angle has to be
specified, zero is for a center distance on the y-axis. An offset can be
entered axially to the worm.

Gear connections

If multiple groups are defined, a page for gear connections is shown. Gear
connections can be added using the =F-button. The shafts and gears in contact can
be defined and the basic data for the gear pair is shown. The data for the gears can
be modified in this window in addition to the inputs at the single shaft but using
the connection allows to change data for both gears at the same time.

System % [J Cylindrical gear pairs TL[Nm] T2[Nm]  SFL  SF2  SHI  SH2
4 System G1-G2 15.00 45.83 7.03 7.28 172 1.78
Load spectrum G3-G4 -4583 -216.44 517 5.25 1.56 154
4 Shafts Planetary gearsets  TL[Nm] T2[Nm] T3[Nm]  SFL  SF2  SF3  SHL  SH2  SH3
b Groupl Bevel gear pairs TL [Nm] T2 [Nm] SRl SF2 SHI  SH2
b Group 2 Worm gears TL [Nm] T2 [Nm] SFOSH o sw ST 58
> Group 3
4 Bearings
BO1
B02 [ oo ][ o ]
BO3
Bo4 Shaft [shaft1 v [shaft2 !
gg Gear [61 ] [s2 | .
Positioning Position 55 35 mm |
4 (Gear connections
G1-G2 MNumber of teeth 13 55
G3-G4 Width 0 0 mm
Profile shift coeffident -0.0002 -0.0002
MNormal module mn 1.5 mm
Mormal pressure angle a, 20
Helix angle B 30 = o

The torque on each gear pair is shown in the list at the top; the safety factors are
shown if a connection to a gear calculation program is set up.

With a click on the items for the gear pairs in the system tree on the left the gear
calculation program can be started to define details for the gear pair. The shaft

calculation is passing basic gear geometry (z, b, x, m., o, B, x, a) to the gear

calculation and loading; it is reading back the same geometry data and the safety

MESYS Calculation Software © 2019 MESYS AG



MESYS Shaft Calculation

factors. The colors of the gears can be changed by clicking on the “Color” button
shown in the picture.

If a gearis considered in a connection, its torque inputis hidden at the
corresponding input window under the page ‘Loading’.

2.1.5.1 Tooth flank modification

With the goal of ensuring optimum tooth flank contact, the teeth of gear pairs can
undergo flank corrections based on three different approaches according to the
standard (ISO 21771:2007, September 2007), i.e. flank line crowning, flank line
slope modification and flank line end relief. By pressing on ‘Tooth flank
modifications’ at the page ‘Gear connections’, a pop-up window allows the user to
enter the corresponding geometrical data in relation with these approaches. For
each gearitis possible to have either symmetric or unsymmetrical modifications
by setting or clearing the available flags respectively at the bottom. By activation
of an unsymmetrical flank modification, the corresponding data column is added in

the window.

Shaft [shaft 1 ~ | [shaft 2 - &

Gear (61 | [e2 -]

Position 45 45 mm

Number of teeth 30 a0

width 20 20 mm

Profile shift coeffident -0.0002 -0,0002

Normal module mn 15 mm

Mormal pressure angle an 20 e

Helix angle B 30 ° =

Helix direction Helix right har * ] [Helix left hane =

Center distance a 103.922 mm

Circumferential backlash k0.1 mm

Gear mesh stiffness o 20 M fmimfum

Calculation [TBK 2014 -

[ Tooth flank modifications ] L3
Gear1 right flank [mm]  Gearl left flank [mm]  Gear 2 right flank [mm]  Gear 2 left flank [mm]

Flank line crowning Cp 0 0 0
Flank line slope medification CHR 0 0 0 0
Flank line end relief amount ICRL 0 0 0 0
Flank line end relief length I LCI 0 0 0 0
Flank line end relief amount TCRI 0 0 0 0
Flank line end relief length I LCII 0 0 0 0

[ symmetric modifications for gear 1

[ symmetric modifications for gear 2

[ oc ][ caneel
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2.1.5.1.1 Flank line crowning

It consists of a relief based on a circular arc which is tangent to the mid-point of the
tooth width. The relief amount, which is measured from the end of the tooth,
must be specified.

i Tooth flank modifications

Gear 1left flank et Fank
— —Gear 'G1' left flan)
5 g ——Gear 52 left Rank i Gearl right flank [mm]  Gear 2 right flank [mm]
E i Flank line crowning CB 0,001 0
E S
u-§ -3 Flank line slope modification CHE 0 0
= 5
n un = 1 n n o n in Flank line end relief amountI CRI 0 0 l
H o 7 b Ee - i g i
5 - = in
Avial position [mm] Flank line end relief length I LCI 0 1]
Gear Lright ﬂank—Gear GI right fiark Flank line end relief amountTCRI 0 0
E & —Gear G2 right fank ) _
= 3 Flank line end relief length I LCIT 0 0
=R |
S -
E -3 Symmetric modifications for gear 1
-5 i
0 L = 1 i i = [ I Symmetric modifications for gear 2 |
H = F o Ee = i P i
Axial position [mm] - f
4 — |

2.1.5.1.2 Flank line slope modification

It consists of an increasing linear relief over the whole tooth width. So the slope of
the relief line starting from one end to the other must be specified.
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Modification [pm]

Modification [m]

-15

Gear 1left flank

—Gear 61 feftflnk ||

—Gear '62 left-flank
w ) o P n 1 =) 1 i
2] = - o = B A o iH
Axial position [mm]
Gear 1right flank
——Gear,'G1 right flank
w ) o v 1 1 =) [ e
=] = = o = B i a ih

Axial position [mm]

lEﬂ Tooth flank modifications

Flank line crowning CB

Flank line slope medification CHE
Flank line end relief amount I CRI
Flank line end relief length I LCI
Flank line end relief amount I CEI

Flank line end relief length I LCID

Gear 1 right flank [mm]
0

0,01

0

Gear 2 right flank [mm]
0

0

Symmetric modifications for gear 1
Symmetric modifications for gear 2

2.1.5.1.3 Flank line end relief

It consists of an increasing linear relief starting from a certain point until the end of
the flank line. The relief amount and length, which are measured from both ends
of the tooth, must be specified.

Madification [pm]

Modification [um]

Gear 1left flank

T —Gear 61" left flank
L =—Gear G2 left flank
) i ) n 1 i =) n i)
] b B o = b I o I
Axial position [mm]

Gear 1right flank

—Gear 1" right flank:
—Gear ‘G2 right
in o n n in =) n i
P F B = o ] B I

Axial position [mm]

i% Tooth flank modifications

Flank line crowning CB

Flank line slope modification CHB
Flank line end relief amount I CRI
Flank line end relief length T LCI
Flank line end relief amount I CEII

Flank line end relief length I LCI

Gear1 right flank [mm]
Q

0
0,01
5
0,01

5

Gear 2 right flank [mm]
Q

0

Symmetric modifications for gear 1
Symmetric modifications for gear 2

All in all, the user can make use of the line load and gap width graphics as guidance
to stablish a flank correction proposal. If, for instance, we start from a gear tooth
mesh condition like this:
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G1-G2: Line load G1-G2: Gap width - right flank contact
325
e —Fht 0.0051
275 10,0045 1
= 250 . 0.0047
E ﬁg E (.00354
= £ 0.003
= 175 e
2 150 = 0.00251
2 125 § 0,002
- 12‘; 0.0015
5 0.0017
25 0.0005 7
e = 2 2 o8 w g &g RN
& g = i = g & &
Pasition [mm] Pasition [mm]

Gear1 right flank [mm]  Gear 2 right flank [mm] -
Flank line crowning CR 0,001 0
Flank line slope modification CHB  0,0065 0
Flank line end relief amount I CRI 0 0 3
Flank line end relief length I LCI 0 0
Flank line end relief amount I CRI 0 0
Flank line end relief length I LCT 0 0 .
Symmetric modifications for gear 1
Symmetric modifications for gear 2
(o J[ caneel |

And we apply a combination of flank line crowning and flank line slope
modification, it significantly helps to have an homegenous line load as shown in
the following pictures:
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51-G2: Line load G1-G2: Gap width - right flank contact
o 5
e __—EFFET 0.0007
250 i — 0.0006 1
225
'E‘ 200 = 0.0005
= E
= 75 = 0.00047
= 150 o
S 15 Z 0.000317
£ 100 3
75 0.00027
M 0.0001
25
b & = = o 4 . o & 1+ h 4 & = w
Position [mm] Paosition [mm]
G1-GZ: Tooth flank modifications
Gear 1left flank
. 14 —(ear,'G1' left flank
E —+ —Gear 'GZ left flank
FRh
i=]
g7
R
_].0 F T T T T T T T 1
u [Vp] [ ] [Ta} L u o} L u
= s - @ - = el m i
Axial position [mm]
Gear 1 right flank
_ 1t Gear 'G1' right flank
E 1 ———Gear-52 right flank
T 51
i=)
i 0T
RN
-m T T T T T T T T 1
8 e 2 = 4 o R @ @
& g Z &
Axial position [mm]

2.1.5.2 Excitations

For cylindrical gear pairs three types of excitations can be defined:

e A mesh excitation is defined on the path of contact. Pitch errors will lead to
excitations based on gear mesh frequencies. Higher orders can be defined using
the input of harmonic.

e An excitation based on roundness errors of the gear 1 can be defined. Here a
variation of the radius is used. The base frequency is the rotation speed of the
gear.

e An excitation based on roundness errors of the gear 2 can be defined like for
gear 1.

The excitations are considered in the calculation of harmonic response. They will
not affect the results of quasi-static calculation and will not affect safety factors for
gears.
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.

I#] Excitation - G1-G2

Mesh excitation

h  phase[*] Apt[mm]

o O

Gear 1 exctation

h phase [] L&r [mim)

11 0 0.005

.........................

Gear 2 excitation

h phase [*] &r [mm)

®(0# w0 (=

ok | cancel

2.1.6  Calculation with load spectrum

If the flag for the calculation with load spectrum is set on the ‘System’ page, an
additional item titled load spectrum is shown in the system tree.

System =
— 1 Frequency n[rpm] Fy[N] My [Nm]
4 System
Load spectr... Shaft Shaftl |Shaftl Shaft2
4 Shafts
Shaft 1 Element General |Load | Load General * i
. B Shaft2 | 1y 06 1500 250 80 gl D General * T
eange Shaft2 ¥ Load L[V
Bearing | |3 03 1200 150 Hide Al
Bearing [z l
Bearing 3 01 600 100
Bearing
[] Run calculation for result element only Result element @ E] E] @ E] E]

By default, the table is empty. Only the column header for the load frequency is
shown. By right-clicking somewhere on the window, different calculation
parameters for the load cases can be added optionally as column headers. These
parameters are classified as “General” and “Load”. Concerning the rows in the
table, they can be added using the =F-button and also deleted by selecting it and
using the ==-button. These rows are called “Element” and are taken into account as
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aload case where the values (inputs) corresponding to the calculation parameters
can be entered. The #-button clears all the inputs of the table, also the elements
(rows).

You can hide any header by right-clicking on it and selecting “Hide”. For all load
components that are not shown in the table the default value is used.

By using the =*/-button, the load spectrum is read from a file. The columns in the
file have to be in the same order and unit as shown in the table. Likewise, a
created load spectrum table can be exported with the corresponding | =-button.

The default graphics for deflection are shown for the selected “Result element”.
Natural frequencies are also calculated for this “Result element”.

2.1.6.1 Running calculation for one load spectrum element only

Itis possible to run the calculation for only one element (load case) if the user sets
the flag ‘Run calculation for result element only’. The desired load case is chosen
by either using the arrows of the small box next to the ZF-button or typing the
element number into it directly. The graphics will be only shown for the selected
element.

This allows using the load spectrum calculation as input interface for independent
load cases, which are calculated independently.

2.1.7  Configurations

Configurations can be activated on the first input page for settings if multiple
groups are defined.

‘ System =}

[~ System Name Direktgang Syncronring Gla-Glb
Load spectrum 161 O O
Configuration
v Shafts 2 G2 O ]
» Hauptwelle 36 O 0
> Vorgelegewelle
» Bearings
Positioning
> Gear connections
Active element [] Consider torsional constraint only + = *

Using the right mouse button additional columns can be added to the view.
Available are gear connections, reaction couplings, general constraints, supports
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and cylindrical constraints. The constraints are only available if the torsion is fixed
in the constraint.

Rows can be added using the =-button and with the check box the active
elements for each configuration can be selected.

If the option "Consider torsional constraint only" is active, clearing the flags for the
constraints only disables the torsional constraint of general constraints, constraints
in all other directions are not affected. If the option is not active the constraints is
deactivated for all directions.

The active configuration can be selected at the bottom of the window or within a
load spectrum.

2.1.8  Housing stiffness matrix

A symmetric stiffness matrix can be defined between the supports (only those
which are connected to the housing) and the housing, thus acting as boundary
condition at its connecting point. This enables the user to simulate different ways
of stiffness interaction, also between the bearings or supports by means of the
housing.

System =
T MEeSys
Engineering Consulting Software Il AG

Housing stiffness
4 Shafts
Shaft
Bearings

Project name

Calculation description

Settings Lubrication

Consider weight

Angle for weight

[ caleulate natural frequencies

|| Consider gyroscopic effect

Maximum frequency

Mumber of frequencies
[7] consider gears as stiffness
Consider housing stiffness

In order to make use of this option, the corresponding flag of ‘Consider housing
stiffness’ must be activated at the tab-page ‘Settings’ which it is shown when
selecting ‘System’ from the software tree.

The +-button, located under the matrix, can be used to create any additional type
of stiffness matrix, which is referenced with a number shown in a box titled
‘Selected stiffness matrix’. Any one or all of these created matrices can be
excluded for the calculation at any time by using the flag titled ‘Consider stiffness’.
In this way, any matrix data can be kept, even though it is not being used for the
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analysis. In case we do want to erase any of the matrices, the ®=-button can be
employed for it. The entry field can be used to name them and their names will be
shown in the report.

wd [mm] uyl [mm] uzl [mm] ed [mrad] ryl [mrad] 2l [mrad]
Fxd [N]
Fyl [N]
Fzl [N]

Ml [Mrm]
Myl [MNm]

Mzl [Nm]

Selected stiffness matrix 1 (5 E] E] consider stiffness

By clicking once the =-button on the right lower corner, a new numbered element
is listed on the window above it and a matrix is shown on a bigger window. With a
double click on this element a drop-down list is released letting us choose the
support to consider. By repeating this procedure, we could add other existing
bearings or supports on the list, and therefore their corresponding lines and
columns of the stiffness matrix would be shown and taken into account.

wd [mm] uyl [mm] w2l [mm] w2 [mm]  uy2 [mm]  uzZ [mm] 1 BearinglL
Bl [M] 2e+11 0 0 0 o 0 2 Bearing 1R
Fyl [N] 2e+11 0 0 0 0
Fo1 [N] 2eell 0 0 0
B2 N] 15e-11 0 0
Fy2 [N] 15e+11 0O
F22 [M] 15e+11

All the values for the stiffness can be entered manually with double click on the
cells or also be loaded as a matrix, which is sometimes obtainable from a finite
element analysis, by using the import button=*.. Equally, a created matrix can be
exported with the corresponding export button =.

If we use the ':E:'—button, a pop-up window allows activating four additional
options. As shown in the following picture, we can for instance omit the
consideration of rotation stiffness, and activate the possibility to define for the
connecting point, in any available direction required, a force or a moment with
‘Enter force/moment’, and also a certain displacement or rotation with ‘Enter
displacement’.
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wd [mm] uyl [mm] uzl [mm] F/Mext rm P §1 1
Bl [N] 2e+11 0 0 0
Enter displacement,rotation
Fyl [M] 2e+11 0 [u]
Enter force/moment
Fzl [M] Ze+1l o [ Consider rotation stiffness
dufdr 0 0 0 [T stiffness in local coordinate system

o) o )

———————————————

The usage of the last option lets us to consider the stiffness in the local coordinate
system of the connecting point instead of the global coordinate system.

2.1.9 3D elastic parts

The context menu under “Shafts” or under groups allows to insert “3D elastic parts
as shaft” or “3D elastic parts as housing”. A new part will then be shown in the
shaft/group tree.

The 3D elastic parts combine the FEA beam model used for the usual shafts with 3D
solid meshes. The stiffness of the 3D solids is reduced to a stiffness matrix, which
is then considered in the solver for the beam model. On the first use of the 3D
elastic part the reduced stiffness matrix is generated, which can take a while
dependent on the size of the mesh. Afterwards the reduced stiffness is saved with
the file and only needs to be regenerated if material, mesh or selections for faces
are changed.

The 3D elastic parts are considered as stiffness and optionally by modal reduction.
No mass is taken into account without modal reduction. Thermal expansion and
weight are considered. A “3D elastic parts as shaft” must have the x-axis as
rotation axis and a rotation speed can be defined. A “3D elastic parts as housing”
can not rotate and should be fixed in space.

If the option “calculate displacements” for the 3D elastic parts is selected, the
displacement field of the surface is calculated for each connected degree of
freedom on initial calculation of reduced stiffness. This increases the initial
calculation time and the file size, but allows to visualize the deformed shape
afterwards. The same is valid for the option “calculate mode shapes”; this is used
for visualization only, too.

In case modal analysis is supported, the displacement field and the mode shapes
need to be calculated. Therefore options “calculate displacements” and “calculate
mode shapes” won't affect the required time for reduction. They only affect the
required file size.

If the option "use second order mesh" is activated quadratic shape functions are
used instead of linear shape functions. An eight node hexahedral will get a 27-
node hexahedral instead. As the number of nodes increase, reduction time and
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memory usage will increase too. Generally the second order mesh will be more
accurate. Itis better to use a larger mesh size and a second order mesh instead of a
fine linear mesh.

Selected faces are reduced to one node (or elastic bearing or gear) and can be
connected to a support element. Following options are available:

e An existing support can be selected. This supportis then connected to
the 3D-elastic part instead of the rigid environment

e A new support can be defined as possible for shafts. Only a subset of the
available types in the shaft calculation is supported so far. It can be used
to support an imported housing by a stiffness.

e A force can be added on the reduced node

o A shaft can be selected. This will lead to a rigid connection to the shaftin
all six degrees of freedom. It is the same as adding a weld-point to the
shaft and connection this to the 3D-elastic part.

e "Set as fixed" is available for "3D-elastic parts as housing". This node will
be connected to the rigid environment.

For the reduction of a face four options are available as connection type:

e average: The reaction force will be distributed on all nodes of the face
and an average value of the displacement of the face will be used. This
option will not stiffen the part.

e rigid: A rigid connection of the reduced node to all nodes of the face will
be added. This will stiffen the part.

e elastic bearing: This option may only be connected to a roller bearing
and will consider the elastic deformations of the partin the load
distribution of the bearing. A license for the bearing calculation software
including ring deformations is required. Currently an elastic outer ring is
only permitted for fixed bearings.

e elastic gear: This option may only be connected to a cylindrical gear so
far and will consider elastic deformations of a gear body. The shaft
system option is required for this

2.1.9.1 3D elastic part as shaft

A 3D elastic part as shaft is a rotating part with one axis which can be connected to
other shafts. Currently, axisymmetric parts defined by a polygon or a STEP import
can be considered.
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General Paositioning Settings Information

|Deﬁne shaft geometry by polygon w ‘
MName |Part 1 |
Material Steel |
Speed n l:l rpm O
Temperature T D =C

[ use second order mesh

[ support modal analysis
[ caleulate displacements

O o o B SR B K

[ calculate mode shapes

|

[ show mesh

Face Support Position Diameter [mm]  Connection type Comment E,'}l

11 Mot considered {0, 0, 0} 60 average —

26 Mot considered {80, 0, 0} 50 rigid 23

Using the “P-button behind “Define shaft geometry by polygon”, a dialog opens to
define the geometry using a polygon. It should be defined clockwise. “x” is the
axial coordinate, “y” the radius. Optional connections to normal shafts can be
defined as “Considered as face” or “Considered as edge”. Either all points on a face
or only points on an edge will be connected to a shaft support element.

I Define geometry

X
% [mm] y [mm] Connection
10 20 Mot considered EI
20 Considered as face El
3 30 Mot considered El
4 70 Mot considered EI
5 60 : Mot considered
6 80 Mot considered
7 80 20 Considered as face
g0 20 Mot considered

Maximum mesh size hmax D mm
Mirimum mesh size hmin l:l mm

Use alternative meshing method
Use hexahedral mesh

I OK. I | Cancel |

In addition, the mesh size can be defined in this dialog.

Additional settings are the material, the rotation speed, the option to select a
second order (quadratic) mesh and the option if the displacements should be
calculated. Using a quadratic mesh is recommended for better accuracy. The
calculation of displacements increases the calculation time and would only
improve the deformed shape in the 3D view.
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Under “Positioning” the axial position can be defined.

In the table of the main view the support elements of the shafts have to be
selected under “Support”. The connection type “rigid” enforces a rigid connection
of the selected face/edge to the beam node of the shaft. The connection type
“average” enforces an averaged connection to the node, which leads to less
stiffening of the 3D elastic part.

In case of a STEP import faces can be selected by double click in the 3D-view. Faces
can be merged by selecting two faces, marking them in the table and selecting
"Merge faces" in the context menu (right mouse button). Only neighbouring faces
can be merged. For an imported shaft the x-axis must be the rotation axis. Under
Positioning the orientation can be changed selecting "Permanent coordinate
transformation". If faces are inside the part a clipping of front faces can be
activated using the context menu in the 3D-view. Using Alt-Button and left mouse
button the clip-plane can be moved.

2.1.9.2 3D elastic planet carriers

In case of a 3D elastic shaft, also planet carriers can be defined. Either imported as
STEP file or as parametric planet carrier. For a parametric planet carriers, the
following basic shapes are available:
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Foran imported planet carrier, the rotation axis has to be the x-axis. On page
"Positioning" a permanent coordinate transform can be used to change the
imported orientation to the x-axis as rotation axis.

2.1.9.2.1 Parametric circular planet carrier

A parametric circular planet carrier can be defined either single or double sided.
The geometry is shown in following image:
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2.1.9.2.2 Parametric polygonal planet carrier
The geometry of the polygonal parametric carrier is shown in following image:
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|
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2.1.9.2.3 Parametric star-type planet carrier
The geometry of the star-type parametric carrier is shown in following image:
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2.1.9.3 3D elastic part as housing

o
~
/
1
|

A 3D elastic part as housing can be connected to shafts in different groups, it does
not rotate and at least one face has to be set as fixed. Currently, it can only be
imported from CAD geometry as STEP file or as Nastran mesh.

Settings  Positioning

Import CAD geometry ¥ | € f

Mame |Part 1 |

Material Steel -

Temperature

[ use second order mesh
[] suppart modal analysis
[ calculate displacements

O o o B QR £ =

[ caloulate mode shapes
consider stiffness

mmmEm

255
SRR

Color

[] show mesh

Face Support Position Connection type Comment +
1 '6 Set as fixed 10.00141155, 0.000495987, -2.5}  rigid Set bottom face as fixed —
2 38 Mot considered  {-39.99%8, -33.5, 59.9958} rigid s
339 Mot considered  {-40,0005, 33.5, 60.0003} rigid
4 40 Mot considered  {20.0015, -33.5, 60} rigid
5 41 Mot considered  {20.0021, 33.3, 59.9993} rigid

Using the “-button behind “Import CAD geometry” a STEP file can be selected. An
assembly with connected parts is glued together automatically. Afterwards the

required mesh size can be entered. Alternatively, a Nastran mesh can be
imported; only the surface mesh is keptin this case.
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In the 3D view for the parts now multiple faces can be selected by mouse double
click on a face. The faces can then be connected to a shaft support element or “Set
as fixed”. As above arigid connection or an averaged connection can be selected.
To merge two connected faces, select both faces in the table, press the right
mouse button and select “Merge faces”. If faces are inside the part a clipping of
front faces can be activated using the context menu in the 3D-view. Using Alt-
Button and left mouse button the clip-plane can be moved.

Under settings as before the material and options for a second order (quadratic)
mesh and for calculation of the displacements can be selected. In addition, a 3D

elastic housing can be supported in modal analysis; if “calculate mode shapes” is
selected, the mode shapes can be shown, too. Under “Positioning” the position

and rotation of the 3D part can be defined.

The selected support element will be connected to the nodes of the selected
faces. A rigid or averaged connection will be considered, no contact and no
clearance will be considered.

2.1.9.4 Selecting faces on imported geometry

After importing a STEP file or a mesh multiple faces can be selected by mouse
double click on aface. To merge two faces, select both faces in the table, press the
right mouse button and select “Merge faces”. If faces are inside the part a clipping
of front faces can be activated using the context menu in the 3D-view. Using Alt-
Button and left mouse button the clip-plane can be moved.

New faces can be defined using the context menu for the table and selecting "Add
face". A new face can be selected based on a cylinder a bearing or a box:

MESYS Calculation Software © 2019 MESYS AG



MESYS Shaft Calculation

i;‘ Material | Steel
W e N
E'?( Temperature T 20
Q [] use second order mesh
Q [ suppart modal analysis
=
13 Add face X
|Se|ect face from cylinder ~ | !‘:}
Position X mm g:‘l
Position ¥ I:I mm ':J(
Position z I:I mm ].'z'x
Axis ax I-;'x
Axis az I:I }?
Length L D mm 2
Diameter D ICI mm @
Paosition of face center wF mm
7| Position of face center yF I:I mm I:
7 Paosition of face center F I:I mm _
| 0K | | Cancel | I Apply I

Define the position of the center of the cylinder and its diameter and length.
Clicking "Apply" will select all elements in the range and will display the new
elements in red. Existing selected faces are shown as mesh in black. For a box
distances dx, dy, dz in 3 directions need to be defined instead of diameter and
length. For a bearing, position, diameter and lengths are set automatically. This
allows to add faces to an imported part without doing a new import.

2.1.9.5 Settings

There are some settings available for the 3D-elastic parts.
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General Positioning Settings Information

|Deﬁne shaft geometry by polygon ad | | 'u':' |
Mame |F‘art 1 |
Material Steel "| |u;'|

speed v JenO
Temperature T EI ®C

[] uze zecond order mesh
[] support modal analysis
[] calculate displacements

[] calculate mode shapes

Color

[ ] show mesh

On page "General" the material, speed, temperature can be defined. The color for
the part and the mesh can defined which is used in the standard 3D-geometry
views. A change of material required a new reduction for the part.

General Positioning Settings Information

Mumber of mode shapes
Approximation order bearings
Circular approximation order gears

Transverse approximation order gears

SIRIEIE
ol ] el

Consider gyroscopic matrix on connected nodes
[ ] Consider centrifugal expansion

Consider bearing ring stiffness

] Consider bearing ring contact

[] cutaway in 30

| Remesh

| Scale mesh

On page "Settings" the number of mode shapes used for modal reduction can be
defined. A larger number increases accuracy but required more memory and
reduction time. Usually a value larger 20 should be used. The maximum frequency
is shown on page "Information". This frequency should be larger than the
maximum frequency that is of interest for the system.

An approximation order for elastic bearing rings and elastic gears can be defined
here. The transverse approximation order for gears of 2 means a parabolais used
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for transverse deformations. A factor of 1 would only use a straight line. For gears
with a large face width larger orders than 2 might be appropriate.

The reduction of the 3D-elastic parts lead only to mass and stiffness matrices. No
gyroscopic matrix is considered. As approximation the polarinertia can be
considered a gyroscopic matrix on the connected reduced nodes on the x-axis. The
polarinertia will be distributed equally on all available nodes if the
option"Consider gyroscopic matrix on connected nodes" is set.

The option "Consider centrifugal expansion" will add the effect of centrifugal
expansion to the part. This is only active for 3D-elastic shafts.

The option "Consider bearing ring stiffness" will add the stiffness of the bearing
rings to elastic bearings. If the ring is already included in the 3D-elastic part, this
option should be disabled. Using "Consider bearing ring contact” will add a contact
model between bearing ring and part. Then the fitting calculation will not directly
set an operating clearance of the bearing, but the fitting will be influences by
expansion or compression of the elastic parts. If the stiffness of the partis not
uniform, there will be already a deformation of the bearing ring after mounting.

Activating the option "Cutaway in 3D" will lead to a cut view in the 3D-view for the
system like the same setting available for shafts.

A change of the numericvalues on the settings page will lead to an update of the
reduction, while changing the check boxes won't require an update of the
reduction.

The button "Remesh" allows to remesh the part. Either to change the mesh size or
the type hexahedral/tetrahedral. Note that this is a remesh of the previous mesh,
generally it would be better to do a new import of the CAD file in case the mesh
size is changed. "Scale mesh" allows to apply a scale factor on the mesh. This could
help, in case the unit system of the import was not correct. The use of either
button requires a new reduction of the part.

2.2  Calculation of natural frequencies and harmonic response
I ————————

Optionally natural frequencies and harmonic response can be calculated using the
software. The setting Calculate natural frequencies| 461 has to be activated for this.

First the nonlinear static equilibrium is calculated. Then the natural frequencies
and the harmonic response are calculated using the linear equations of motion
with the tangent stiffness matrices from the static equilibrium. Therefore the
results are only valid for small amplitudes around the static solution.

The natural frequencies are calculated using the given rotation speed. The critical
frequencies are the intersections between shaft speed and natural frequency at
this shaft speed. The critical frequencies are shown in a special report or they can
be found in the Campbell diagram.
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2.3

2.4

Interface to rolling bearing calculation

The dialogs of the MESYS Rolling Bearing Calculation[=slare fully integrated into
the shaft calculation.

(1 MESYS Shaf Calculation - MESYS AG il N, ===

File Calculation Report Graphics  Extras  Help

SR EHE

System (=]
4 System

Gt m @Slr' S Rolling Bearing Calculation

4 Bearings Engineering Consulting Softwa

Roll é b
R Show Report ad distribution and reference life for rolling bearings considering 1SO/TS 16281 and NREL/TP-500-42362

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

Show Tolerances Report
Load Distribution
Contact Stress

Contact Angle

Spin to roll ratio

Roller loads

Roller profile aSOMax 5o Relisbility s w0 %
Subsurface stress it TR § [Ca\cl..llahon for medium dearance -
Life over load icant film thickness [ osdillating bearing
Displacerment over load ifugal force [ Use load spectrum
Rotation over load ired hardness depth Calculate modified life
Use fatigue strength for hardness depth Required subsurface safety Ssmin 1
Result overview ]

While the bearing calculation is open, the functions for file operations, calculation
and report generation are used for the bearing calculation only. Therefore, only
the bearing will be calculated and you will get results for the bearing in the results
overview. However, it exists the possibility to run the whole shaft calculation,
while the bearing calculation is in use, by pressing the key combination CTRL+F5.

Graphics and the tolerance report can be opened using the right mouse button in
the system tree. Graphics are also available in the menu for graphics. Graphics
from different bearings can be shown at the same time.

Interface to ball screw calculation
|

All dialogs of the ball screw calculation[=¢1are fully integrated into the shaft
calculation like for the rolling bearing calculation.
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TEl MESYS Shaft Calculation - MESYS AG - test_ballscrew sxml - O x
File Calculation Report Graphics Extras  Help
Vel §Ese

&

System
il General Geometry Configuration Loading

v System
T MesSyYs
Shaft Ball Screw Calculation
Shaft 2 Engineering Consulting Software l AG
~ Bearings
Bearing
~ Ball screws
Ball scr--
Show Report
Show Result Tables
Parameter Variation ‘ ‘
o ‘Ball SCrEw ‘
Load distribution 30
Contact stress
Contact angle Reliability 5 £
Ball lcads rding ISO 3408-5 Scale factor for stress in 30 view 5
[] calculate Ca according 1SO 3408-5 Start angle for first thread Ye Cl e
[ calculate relisbility factor according ISO 3408-5 Clearance generation M
[] Enter two contact angles Axial expansion ball screw
Ayial expansion nut
Elastic ring expansion is not considered hd | EF
Result overview
A
Maximal pressure pmax |1943.47 MPa Reference rating life Liorh |153114 h  Reference rating life L10r |453.343
Distance between rolling elements BRE (0.213161 | mm  Ellipse length ratio inner race elR_i % Elipse length ratio outer race elR_ |125.252 %
| —— | p—— | —— 5

While the ball screw calculation is open, the functions for file operations,
calculation and report generation are used for the ball screw calculation only.
Therefore, only the ball screw will be calculated and you will get results for the
ball screw in the results overview. However, it exists the possibility to run the
whole shaft calculation, while the ball screw calculation is in use, by pressing the
key combination CTRL+F5.

Graphics and can be opened using the right mouse button in the system tree.
Graphics are also available in the menu for graphics. Graphics from different ball
screws can be shown at the same time.

2.5 Results
]

Results are available in different outputs. There is the default result overview on
the bottom of the user interface, an overview of bearing forces and natural
frequencies, several graphics and the report.

2.5.1 Results Overview

The results overview on the bottom of the window shows minimal bearing life,
minimum static bearing safety and maximum shaft deflection. The results
overview can be configured under Extras->Results overview.
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2.5.2 Result Tables

Several result tables are available if the pages “Shafts”, “Bearings” or a group is
selected.

. 1 MESYS Shaft Calculation - MESYS AG - CH-8005 Zirich - Template_H

File Calculation Report Graphics Edras  Help

oH @ HEHe

System
4 System
Load spectr..
4 Shafts
I+ Groupl
[+ Group 2
- Group 3
4 Bearings
B01

loli e SRR I Rl

Positioning
I Gear conne..,

Mame nlrpm] FT[Mm] ZP [kW] minll0rh [h] minknmrh [h] prax [MPa] minSF maxSigh [MPa] 5D 55
Shaft1 100000 15 15708 12781 1217 2305.04 605  59.08 186 21.48
Shaft2 -327.27 458333 15708 19141 8357 247433 489 10052 1.58 796
Shaft3 62.30 216435 15708 91155 13575 241075 529 7855 250 11.39

4|} [suonaag

< [ | v

Result overview

D»m

Minimal bearing reference life minL10rh 127813 h  Minimal bearing modified reference life minLnmrh  8357.05 h

Minimal static safety for bearings minSF  4.89077 Minimal dynamic shaft safety factor minSD  1.595

2.5.2.1 Table for shafts

A table for shafts is showing results for each shaft:

Name n[rpm] 3T [Nm] 3P [KW] minll0rh[h] minlnmrh[h] pmax[MPa] minSF maxSigV [MPa] SD S5  maxUr[mm] mass[kg] boc[kg mm®] Jyy [kgmm?] Jzz [kg mm?]

51 100000 100 10472 3330 5121 2678.03 386 4106 394 828 00380 138 19617 420448 420448
52 -39535 252041 10472 2757 1931 2920.93 297 2386 396 1192 0.0506 3.09 102599 863634 863634
53 14935 66955 10472 5764 1685 2849.53 320 5204 388 553 00334 406 1707.99 12817.2 12817.2

Available results are:
¢ 'n": shaft rotation speed
e 'ST": sum of all torques with the same sign
e 'SP': sum of all power inputs with the same sign

e 'minL10rh": minimum reference life L10rh for all bearings on this shaft.
Alternatively L10h according to 1SO 281 is shown.

e 'minL10rh": minimum modified reference life Lnmrh for all bearings on
this shaft. Alternatively Lnmh according to ISO 281 is shown.

e 'pmax': maximum contact stress for bearings
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e 'minSF': minimum static safety factor for all bearings on this shaft
e 'maxSigV'": maximum equivalent stress with in this shaft

e 'SD": safety for fatigue according to DIN 743 for this shaft

e 'SS': static safety factor according to DIN 743 for this shaft

e 'maxUr': maximum radial displacement of the shaft

e 'mass': mass of this shaft

o 'Jxx, Jyy, Jzz": moments of inertia of the shaft

2.5.2.2 Table for sections

The table for sections shows details for each section for every shaft. The type of
notch effect is shown, safety factors for strength, forces, moments and
displacements:

Name Type x[mm] 5D 55  Fx[kN] Fy[kN] Fz[kN] Mx[Nm] My[Nm] Mz[Nm] ux[mm] uy[mm] uz[mm] n[] ry[7] rz[7]
4 51 3894 828

Shoulder 38 535 828 0000 -1034 -2826 -10000 -2257 822 00048  -00107 -00282 120 001 -0.00
Shoulder 172 2783 87420000 0403 1.095 000 -8.74 3.20 00048  -00063 -00165 118 -002 0.01
Interference fit 55 447 1046 0000 -1.033 -2826 -10000 -70.61 25.78 0.0048 -00122 -00324 119 001 -0.00
Interference fit 95 394 12440000 0361 0895 -257 -93.09 3406 00048 -00132 -00351 118 -000 0.00

m

»
‘ suoas | S)EUS

[=INaN--0

Available results are:
e 'SD": safety for fatigue according to DIN 743 for this section
o 'SS': static safety factor according to DIN 743 for this section
e 'Fx, Fy, Fz': forces in the section of the shaft
e 'Mx, My, Mz': moments in the section of teh shaft
e 'ux, uy, uz": axial and radial displacement for this position
e 'rx, ry, rz': torsion and tilting angles for this position

® 'cxx, cyy, czz'": stiffness of the system reduced to this point. The
reciprocal of the main diagonal of the compliance matrix is shown

e 'crx, cry, crz': rotational stiffness of the system reduced to this point. The
reciprocal of the main diagonal of the compliance matrix is shown

2.5.2.3 Table for bearings

A table for bearings shows life and loading of bearings and supports. The sign
convention for the loads is that the force from the shaft to the bearing is shown.

For rolling bearings the life and pressure is shown in addition to forces and
moments. Using the right mouse button additional results like operating clearance
or spin-to-roll ratio can be shown.
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11 MESYS Shaf Calculton - MESYS AG - test hollonshafiam) . s s . o [ ]
File Calculation Report | Graphics | Extras  Help
= A
SH EH G
System 8 Bearing left Bearing’.. & X
4 System
4 Shafts e =
HellowShaft 7 '
InnerShaft
4 Bearings d-)
left Bearing uter rag
right Bearing
= Bearing right Bearing:... & X
Name Liorh[h] Lnmrh[h] prax[MPa] SF Fx[kM] Fy[kN] Fz[kN] Mx[Nm] M| £
4 HollowShaft 2
left Bearing 123861 198765 237579 552 -2179  -5.022 -0.000 000 -0
right Bearing 123861 198765 237579 552 2179 -5.022 -0.000 000 04 |3
4 InnerShaft .’é
left Support -0.000  -5.034 0000 000 0g |3
right Support 0000  -5034 0000 000 00 |8
I
4 1 L3
Result overview -
Minimal bearing reference life minL10rh 123861 h  Minimal bearing modified reference life minLnmrh  19876.5 h =
Maximal bearing stress pmax 2375.79 MPa Minimal static safety for bearings minSF  5.5249 =
Maximal displacement in x maxUx 0.00148658 mm Maximal displacement in y maxlly 0,0458852  mm
Maximal displacement in z maxlz 0 mm  Maximal displacement in radial direction maxUr 0.0458852 mm -

Available results are:
e 'L10h": nominal life according to ISO 281
e 'Lnmh'": modified life according to ISO 281
e 'L10rh": nominal reference life according to ISO/TS 16281
¢ 'Lnmrh': modified reference life according to ISO/TS 16281
¢ 'pmax': maximum contact stress of the bearing
e 'SF'": static safety factor

e '‘pmin': minimum contact stress of the bearing. If larger zero all rolling
elements are loaded.

e 'w_spin/w_roll'": spin to roll ratio for ball bearings

e 'Ab_circ': circumferential ball advance for ball bearings

e 'AT": temperature increase according to DIN 732 for this bearing

e 'nt': maximum permissible speed according to DIN 732

e 'k': viscosity ratio for this bearing. It should usually be between 1and 4
o 'Pdeff': effective radial clearance of the bearing at operating conditions

o 'Paeff': effective axial clearance of the bearing at operating conditions

MESYS Calculation Software © 2019 MESYS AG




MESYS Shaft Calculation

o 'a0eff': effective free contact angle for ball bearings

e 'Aa': variation of contact angle between inner and outer ring for ball
bearings

e 'pFitShaft'": pressure in interference fit between shaft and inner ring. This
should be larger than zero usually.

e 'eLR_i, eLR_e": extension of contact ellipse for ball bearings. Values
below 100% indicate truncation.

o 'Fx, Fy, Fz, Fr': bearing forces, Fris radial force
e 'Mx, My, Mz, Mr': moments, Mr is tilting moment

e 'ux, uy, uz, ur': relative displacements of shaft node to second node (or
housing), uris radial displacement

e 'rx, ry, rz, rr': relative rotation of shaft node relative to second node (or
housing), rris resulting tilting angle

2.5.2.4 Table for frequencies

In the overview also the natural frequencies can be shown. If a frequency is
selected, the corresponding mode is shown in the graphics. Three displacements
and the torsion angle are shown in 2D view. In 3D view the mode shapes are
shown animated.

a
) MESYS Shatt Calculation - MESYS AG - test hollowShaftxmi (it i s (=R =
File Calculation Report Graphics Extras Help
-
A y
Sh ETE
System = Bearing 'left Bearing:... & X
4 System ¢ 300
4 Shafts —y
HollowShaft uz
InnerShaft
4 Bearings
left Bearing
e H
= |
E Bearing 'right Bearing':... & X
Number [Hz] [rpm] Type 1|8
1 442299 26537.9 2
[2 105289 63173.7 J
3 111075 66645.2 o
4 171337 102302 =l 2
5 183491 113695 E
6 198942 119365 3
7 236665 141999 f
8 3084.29 185058
a 4008.58 240575
10 5101 2 2114 24
Result overview &
Minimal bearing reference life minL10rh  12386,1 h  Minimal bearing modified reference life minLnmrh h —
Maximal bearing stress pmax 237579 MPa Minimal static safety for bearings minSF 55249 =
Maximal displacement in x maxUx 0.00148558 mm Maximal displacementin y maxlly 0.0458852 mm
Maximal displacementin z maxlz 0 mm  Maximal displacement in radial direction maxUr 00458852 mm -
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Available results are:
o 'f': frequency in Hz and per minute
e 'D": Damping ratio of the mode in case a damping is defined

e Type': Try's to classify the type of mode based on the kinetic energy of
the modes

253 Report

Using the toolbar button or "Report"->"Show Report", a report for the shaft
calculation is generated which only gives an overview for the bearing results.
There is also "Report"->"Full report" which is generating a full report with results
of the shaft calculation and the full reports of the bearing calculations.

2.5.3.1 Report options

Using "Report"->"Report options" the contents of the report can be configured.
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i3 Report options *

Shafts Bearings Ball screws

Please select the contents for the report:

Graphic: Displacement Graphic: Forces

Graphic: Moments Graphic: Stresses

[ Graphic: Campbell diagram Graphic: Mode shapes

Graphic: Gear line loads Graphic: Gear gap width

Graphic: Gear relative displacement Graphic: Gear flank modifications

Indude load spectrum details Incude support displacements

Indude details for strength calculation Indude mass properties

Include legend for tables [] Indude measurements in shaft graphics

Show standard bearing results table [ Show custom bearing results table

Include bearing reports in full report
Include ball screws reports in full report
Indude gear reports in full report

I oK I | Cancel |

One page is available for outputs of the shaft calculation, one page for the bearing
calculation and one page for the ball screw calculation. The settings for bearings
and ball screws are passed to the corresponding calculations. The legend for all the
table parameters can be shown in the report. Custom tables for bearing results can
be configured if the license for the bearing calculation is available.

2.5.4 Result tables

In the menu "Report"->"Result tables", it is possible to output the result data by
means of tables, which can be generated in different file formats as explained
before at “Configuration with INI-File”.

Results tables with detail results for bearings and ball screws can be opened with a
right click on the bearing or ball screw in the system tree.

255 Custom Report Templates

Custom report templates can be added in subdirectory “templates/shaft”. Reports
based on these templates can be generated by selecting the report template
under "Report"->"Report templates".
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The report templates are word files with DOCVARIABLE fields. These fields are
filled on generation of the report.

Possible fields are:

e DOCVARIABLE VAR name [unit]: the variable with the name ‘name’ is
printed. Optionally a unit can be provided in brackets, for example
[mm]. Additionally a formal could be added like %6.3g or %6.3f, where
‘t” always generates a fixed point output and ‘g’ generates an
exponential output for large numbers.

e DOCVARIABLE VARU name [unit]: the variable with the name ‘name’
plus the unit are printed. Optionally a unit can be provided in brackets,
for example [mm)].

e DOCVARIABLE TABLE tablename: A table is inserted.

e DOCVARIABLE GRAPHIC graphicName width=130 height=70: A graphicis
inserted. Optionally height and width can be given in millimeters.

Regarding details for variable names, table names and graphic names, please ask
support@mesys.ch for additional documentation.

2.5.6  Graphics

Several results can be shown as graphics. Most graphics are also appended to the
report, so that a full documentation is provided in one document.

File Calculation Report | Graphics | Extras Help

& B E

Shaft 1

4 Bearings
Bearing 1
Bearing 2

Deflection
Deflection (radial)
Rotation angle
Forces

Mornents

Stresses
Equivalent stress
Camphbell diagram
Geometry 30
Geometry 3D (deformed)
Mode shapes 2D
Mode shapes 3D

Bearings

2
3

2

For all diagrams diagram options are available using the right mouse button. Itis
possible to change coordinate system and units. Also export and printing is
available in the context menu.
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2.5.6.1 Shaft deflection

The deflection of the shafts is shown for the three displacement coordinates for
each shaft.

Shaft deflection
Shaft deflection

=—HollowShaft uw

=Ar T

—+Hollowshafs

-0.005 1

0017 —InnerGhaftuz
-0.015 1
-0.02 I
-0.025 1

Deflection [mm]

0.03T I
0,035 T

0.044
0.045 4, \\__ ___./
L

[=] un f=] g
3l 3] [

o un f=] n o ]
ol =] [l 3] [ =1 ol
h — —_ — —_ 3] 3]

Position [mm]

2.5.6.2 Shaft deflection (radial)

The radial deflection chart shows the absolute value of total radial deflection for
the shafts.

Shaft deflection =]

Shaft deflection

—shaft Lur

0.187
0167
0.147
0127

o.1T
0.08T

Deflection [mm)

0.06T
0.047T
0.02 %

= n o U
ol [T} [

175
200
2257
250

o L =
=1 ol 3]
— — —

Position [mm]
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2.5.6.3 Shaft forces

The three force components are shown for each shaft.

Shaft forces
Shaft forces
5000+ ot 3
—Hollowshaft Fy
4000 “~Hollovshaft Fz
3000 pna
2000+ —Trnefshaft Az
E 1000
g 0 l
=]
= -1000
-2000 I
-3000
-4000
-5000 45 o e =] N =] 1y =] L 5 Iy
(] o u M~ (=] ol un ™~ (=] o
— — — — (3] o
Position [mm]

2.5.6.4 Shaft moments

The two bending moments and the torque are shown for each shaft.
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Shaft moments
Shaft moments
500 1 ~—Hollowshaft Mx
—Hollowshaft My
4507 ~==HollowShaft Mz
400 7
3501 ==Innershaft Mz
£ 001
m
£ 2501 I
o
E 2007 I
1501
1001
o] ( \
R - -
[} [ L [ (=] [N g} = = [N
— — — — o od
Position [mm]

2.5.6.5 Shaft stresses

The stress components are shown for all shafts. Since there are too many curvesin
that diagram if several shafts are used, there is also a diagram which only shows
the equivalent stress.

Shaft stresses =

=5
Shaft stresses
2517 —Hollowghaft sigZ
225 ji;llgw Ijii:'t 5|pr_
201
17.51 e

=—Innershaiy sigV

Stresses [MPa)
=
tn

10
7.5 I
54
2.5
-
01 1, T
=) L =] e =) L =] L
[t [ = & I ~ = o
— — — — o (V]

Position [mm]
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Shaft equivalent stress =
Shaft equivalent stress
25T —HollowShaft sigh

—Innerfhaft sigh
2257

0+

17571

Stresses [MPa]
=
w

ol I
7.5
st
2.5
; : : ; ; ; ;

L o u o u = uy [ L o u

ol o u M~ = o~ L I~ = o

v — — — — o o

Position [mm]

2.5.6.6 Campbell diagram

The Campbell diagram shows the change of natural frequencies over the shaft
speed. The speed of all shafts is multiplied by the same factor in this calculation.
The speed of the shafts is shown using dashed lines.

This calculation is always done considering the gyroscopic effect.

Campbell diagram i

Campbell diagram

2001
175+
1501
—
o
L. 1257
T
2
g 1007
0
[=2
£ 757
50
257
P el 1 1 1 1 1 1 1 1 1 1
u] f 1 1 1 1 t t t t t 1
= = [ = (=] = = = = = = [
= (= (= (= (=] = = = = = (=
(=} (=] (=] (=] (=] = = = = = [=]
— [¥] (0] - L W [ [ (a2} [} —
2 =

Speed [rpm]
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2.5.6.7 Harmonic response over speed
Harmonic response can be shown over speed. The calculation is done together

with the Campbell diagram.

There are diagrams for forces available at all supports and diagrams for
displacements available at positions of loads and sections of type “Documentation

point”
Harmonic response (Force) n
Harmonic response {Force)
2001
1757
150
Z 1254
et
5 1007
w

757
507
257

;
T +
[} = = = = = = = =
[=} [=} = [=} = = = =
L= [=} = [=} = = = =
u L=} u [=} u = u =
— — (¥} [} (5} (4] -
Speed [rpm]

2.5.6.8 Harmonic response over time

Harmonic response over time is showing the variation of reaction forces and
displacements over time. This calculation is done for the current rotation speed.

Harmonic response n
Harmonic response

304
251
204
157
10
Z 51
S 0
£ 57
_10-
151
_20-
-251

B I R e e e SRR

[} u o u (o} ul M u bl u ul u

o [ — (=] [ = (] [ = o u

o (=] o [ o o [ (=] o (=] o

2 5 @ 5 2 g =2 g5 © S5 ©

o o [} = o o

Time [s]
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2.5.6.9 Harmonic response 3D
Harmonic response 3D is showing the dynamic displacements over time as 3D
view.

2.5.6.10 Diagrams for bearing analysis

In addition, there are several diagrams for bearing analysis. Please check the
documentation of the bearing analysis for details. See result graphics for
bearingsm.

2.5.6.11 Bearing overviews

Several graphics for bearings are available as overview graphics, showing the same

diagram for each bearing. This allows to get a quick overview over the behavior of
all bearings.

Load Distribution

2.5.6.12 Bearing system reliability

The system reliability considering all bearings is shown in a diagram. The reliability
is shown for the four different results for bearing life.

Bearing systemn reliability n
Bearing system reliability
—Mominal life 150 281
120 —Modlified lifé 150 281
=—Mominal reference life ISO/TS 16281
= 100 —Modified reference life 150/T5 16281
=
2 a0
o
£
X a0
o]
w
£ 40
5
i
20

500
1000 T
5000

10000
50000 T,
100000

Required life [h]
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2.5.6.13 Geometry 3D

The 3D geometry can be shown without deformations or with exaggerated
deformations. The diagram is available for the whole systems and for each group.

O b b k{3 K

2.5.6.14 Geometry 3D (power flow)

The power flow of transmission systems can be shown in the 3D graphics.

O o B {0 i=
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2.5.6.15 Gear line load and gap width

The line load on a gear pair can be shown and also the gap width. For these
diagrams either the gears should be considered as stiffness under settings or the
shaft diameter has to be large enough to take into account the stiffness of the gear
body. The gap width can be used for a proposal of flank line corrections. Both
diagrams are also available for load spectra showing results for all elements.

G1-G2: Line load
G1-G2: Line load
=—Fn
—Fbt
140
1207
E
E 1004
=
= 807
i-]
£ 60
5
401
204
GLﬂ o u o L o uy o u
u w w M~ [ ow o0 (=0} o
Paosition [mm]
G1-G2: Gap width - right flank contact E
G1-G2: Gap width - right flank contact
0.0041
0.00351
_ o.mo3t
E
£ op.0025¢
5
= 4
H 0.002
[=%
80,0015
0.0011
0.0005 1
0 u o u o u o u o u
u o =] M~ I~ ow o o [= 3
Position [mm]

2.5.6.16 Tooth flank modifications

It shows the resulting profile of the tooth flank from the corrections applied in
order to obtain an optimum tooth contact. In this way, the x-axis represents the
tooth width in mm and the y-axis the geometrical variation in um which has been
undergone by the flank.

MESYS Calculation Software © 2019 MESYS AG



MESYS Shaft Calculation

G162 Tooth tank modesicre SR =}
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2.5.6.17 Relative displacements

A diagram for relative displacement of shafts is shown for each cylindrical gear
pair. It shows the relative displacement of both shafts over the width of the gears.
The axial displacement is a change of the center distance, the normal
displacement a translation normal to the plane of the two shafts.

The diagram helps to understand required modifications or changes or clearance.

2.5.6.18 Connection overviews

Several graphics for connections are available as overview graphics, showing the
same diagram for each connection. This allows to get a quick overview over the
behavior of all connections.
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G1-G2: Line load n
G1-G2: Line load 53-G4: Line load
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2.5.7 Graphics area

By right-clicking the main graphics area in 2D mode, a context menu called
‘Diagram’ offers the possibility of overlaying some shaft-related diagrams on the
actual geometry of the shaft.

— dReq

Dob¥ &

4 ZoomIn + I [ : : ]
= 7 Out .
#o (e No diagram
Fit Te Window Home . .
Equivalent stress sigV
Save graphic as... Displacement ur
Print graphic Displacement ux
M t M
Show shaft geometry only oment
M t M
¥ Show coordinate system oment Wi
Force Fr
Keep zoom state
F Fx
Diagram L4 oree
©  Required diameter

An additional diagram called ‘Required diameter’ can be overlaid to the 2D
geometry of the shaft. It provides a clue as to how the size of the diameter should
be in order not to exceed a maximum equivalent stress value (see the image
above), which is defined under the tab-page ‘Display settings’.
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3 MESYS Rolling Bearing Calculation

This rolling bearing calculation (Version 07/2019) calculates the load distribution,
the reference life and the modified reference life according ISO/TS 16281 (DIN
26281) for the following types of bearings:

e Deep groove radial ball bearings

e Double row deep groove ball bearings

o Axial deep groove ball bearings

e Radial angular contact bearings

e Axial angular contact bearings

e Double row radial angular contact bearings
e Double row axial angular contact bearings

e Single row spherical ball bearings

e Double row spherical ball bearings

e Four-point ball bearings considered as radial bearings
e Four-point ball bearings considered as axial bearings
e Three-point bearings with splitinner ring

e Three-point bearings with split outer ring

e Duplex ball bearings

e Radial cylindrical roller bearings

e Double row radial cylindrical roller bearings
e Axial cylindrical roller bearings

e Barrel roller bearings

¢ Needle bearings

e Tapered roller bearings

e Double row tapered roller bearings

e Axial tapered roller bearings

e Radial spherical roller bearings

e Axial spherical roller bearings
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e Cross roller bearings considered as radial bearings

e Cross roller bearings considered as axial bearings

e Angular roller bearings considered as radial bearings

e Angular roller bearings considered as axial bearings
Additional bearing types will be added in the future.

The inner geometry of the bearings can be approximated by the software or
provided by the user. The operating clearance can be specified. The influence of
interference fits, temperature and centrifugal load on the clearance can be taken
into account. Centrifugal loads and gyroscopic moments on the rolling elements
can be considered for ball bearings only.

In extension of ISO/TS 16281 the influence of reduced material hardness can be
considered according NREL guideline DGO3. This includes a check of the case core
interface.

The lubricant film thickness can be calculated by the software. This is done
according to Harris: Rolling bearing elements.

The loading can be specified as force/moment or displacement/rotation
independently for each of the five degrees of freedom. Bearing sets can be
defined by using a configuration with multiple rows. This can be used for spindles
or multiple row cylindrical roller bearings.

The following results can be found in the report:

e Reference life according ISO/TS 16281

Modified reference life according ISO/TS 16281

Basis life and modified life according ISO 281 for comparison

Load distribution between rolling elements

Reaction forces/moments and displacements/rotations

Contact pressure for each contact

Required shoulder height for contact ellipsis in ball bearings
o Static safety factor
e Maximum subsurface shear stress and stress at case core interface

e Load dependent friction torque for ball bearings based on coulomb
friction
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e Change to clearance because of interference fit and temperature
e Wear parameters like PV and QV for ball bearings

In addition to the report, the results are shown in several graphics. Report and user
interface are both available in metric or US customary units. Supported languages
for user interface and report are English, German, French, Spanish, Chinese and
Korean.

Parameter variations can be made using ranges for several parameters. The results
of parameter variations are given as tables or graphics. Proposals are provided for
several inputs and conversions like axial clearance in radial clearance are possible.

Elastic deformations of the outer ring can be considered with an extension of the
base software. The loading can be specified on several points in radial, axial or
tangential direction and the life and load distribution are calculated with a
deformed outer ring. The main use of this feature is for track rollers but also
deformations in a planetary gear as outer ring can be considered. The elastic outer
ring can be considered with following bearing types: Deep groove ball bearing,
radial angular contact bearing, four-point ball bearing, radial cylindrical roller
bearings and double row tapered roller bearings. Multi row bearings can be
considered using bearing configurations.

3.1 Input Parameters
|

The input parameters are shown on five tab pages.

3.1.1 General

On the first input page in addition to a project name, several settings can be done.
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General Bearing geometry

Bearing configuration

Material and Lubrication Loading Track roller

Rolling Bearing Calculation

Calculation of load distribution and reference life for rolling bearings considering I50,TS 16281 and MREL/TP-500-42362

Project name |

Calculation description |

Settings

Reliability S % | Calculation for medium dearance -
Limit for aIS0 alSOMax Rolling element has maximum temperature -
Friction coeffident H First roling element on y-axis hd T
[ calculate lubricant film thickness Gyroscopic moment is not considered =
Consider centrifugal force Rolling element set life is not calculated h
[] consider shaft and housing temperature |Elastic ring expansion is not considered & T

[] osdillating bearing
Calculate required hardness depth
Use fatigue strength for hardness depth

[ use load spectrum
Calculate modified life
[ Use extended method for pressure distribution

Calculate static safety factor based on stress

Required subsurface safety Ssmi

3.1.1.1 Project name and calculation description
The project name and the calculation description are just inputs which are shown
in the report header. They can be used to enter information about the purpose of
the calculation for documentation.

3.1.1.2 Reliability
As default, the bearing life is calculated for a reliability of 90%. The required
reliability can be changed here with limits 90% and <100%. The life modification
factor for reliability ay is calculated according to this input using the three
parameter Weibull relationship as given as formula in (ISO/TR 1281-2, 2008). The
table in I1SO 281 (2007) is also calculated according to this formula and has changed
to previous versions of the standard.

3.1.1.3 Limit for alSO

The life modification factor for systems approach 350 takes into account

lubrication properties and fatigue limit of the bearing and it is multiplied to the
L10r life to get the modified reference life. According to ISO 281, this factor is
limited to a maximum value of 50. In some cases, for example in wind turbines, a
smaller maximum limit of 3.8 is required.

The maximum limit for the 350 factor can be specified here. The inputis only an

upper limit for the 350 factor which is calculated according to (1SO 281, 2007).
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3.1.1.4 Friction coefficient

The friction coefficient is used to calculate the friction moment of the bearing
assuming coulomb friction in the contacts. In the actual version, this is only
available for ball bearings. The friction moment is only considering the load
dependent part of the friction; the no load part is not considered.

A proposal by (Harris, et al., 2007) is a value of 0.1 for the friction coefficient.

3.1.1.5 Calculate lubricant film thickness

The calculation of modified reference life requires a viscosity ratio k. This ratio is
calculated by the lubricant viscosity and a reference viscosity v, or it can be

Al'

— 3
calculated from the lubricant film parameter Aas © ~ according (1SO 281,

2007) and (ISO/TR 1281-2, 2008).

Since the viscosity ratio is calculated using standard settings for surface roughness,
loading, pressure viscosity coefficient of the oil and geometric properties, the
usage of lubricant film thickness takes into account more parameters of the actual
bearing. For the definition of the reference viscosity v, see the derivation in

(Baalmann, 1994) or (Heemskerk, 1980).

If this setting is activated the lubricant film thickness is calculated according
(Harris, et al., 2007). For ball bearings the minimal film thickness is calculated using
equation 4.60 (Harris, et al., 2007) by Hamrock and Dowson. For roller bearings
equation 4.57 (Harris, et al., 2007) according Dowson and Higginson is used. The
same formulas are used for the calculation of A in (ISO/TR 1281-2, 2008). The
software uses the minimal film thickness for the calculation of A, in contrast to
(Heemskerk, 1980) who is using the central film thickness.

In addition, a thermal correction is applied from version 08-2016 on. The thermal
correction factor is calculated according to (Koch, 1996) using the formula 4.62 from
Wilson and Murch. Different literature provides different correction factors, see
(Baly, 2005) or (Gohar, 2001). As temperature the input for the lubricant
temperature is used. For high speed the thermal correction factor reduces the film
thickness.

This calculation requires the input of surface roughness, oil density and oil
pressure viscosity coefficient. The minimal film thickness for all contacts is then
used for ball bearings. For roller bearings the minimal film thickness for each
section is calculated and used for the calculation of life modification factor for
systems approach 350 for this section.
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3.1.1.6 Consider centrifugal force

The centrifugal force can be considered for ball bearings and radial cylindrical
roller bearings in this version of the software. It will also be added for other roller
bearings in the future.

Centrifugal forces will increase the pressure at the outer race, but decrease the
pressure at the inner race. It will lead to different contact angles on inner and
outer race and an increased spin to roll ratio.

3.1.1.7 Consider temperature gradient in fits

If this option is activated, the shaft and housing temperatures are available as
inputs in addition to inner and outer ring temperatures. This option should only be
activated if a temperature gradient between shaft and inner ring or between outer
ring and housing should be considered.

If this option is activated be sure to define all four temperatures especially it used
from the shaft calculation. The shaft temperature in the shaft calculation will set
the shaft temperature for the bearing, but the inner ring temperature still needs
to be defined by the user.

3.1.1.8 Oscillating bearing

Some bearings are not fully rotating but they are just oscillating. In this case, the
effective number of load cycles is smaller than for a rotating bearing which can be
considered by the software. The calculation is done according (Harris, et al., 2009)
which is based on (Harris, et al., 2007).

An oscillating angle and an oscillating speed (oscillations per minute) have to be
provided in this case. The oscillation angle is defined as the angle between the
two and points of oscillation, soitis twice the amplitude.

The rotation speeds n, and ne are used for the calculation of centrifugal forces and
lubrication film thickness, oscillation speed fosc is used for the calculation of life
in h. For the speed used to calculate the lubrication factor (Houpert, 1999)

— 0 k.
proposes n = OOSC/180 fosc' The speed has to be entered by the user.

In case of eosc< ecrit/z fretting corrosion can occur; the bearing should be rotated

by a larger angle from time to time to redistribute the lubricant. A warning is
shown in this case.

3.1.1.9 Calculate required hardness depth

The hardness depth is an input for material parameters. If it should be calculated
by the software orif it is of no interest for through hardened bearings for example,
then set this flag.
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If the flagis not set, a check is made if the hardness depth is large enough.

3.1.1.10 Use fatigue strength for hardness depth

If this flag is set, the hardness depth is calculated using the fatigue strength of the
core. If itis not set, the yield pointis used.

If the calculation is done using a maximal load, the yield point can be used. If itis
done using the equivalent load the fatigue strength is recommended.

3.1.1.11 Required subsurface safety

A required safety factor for the subsurface stresses against the yield point can be
defined. It will be used for the calculation of the required hardness depth.

3.1.1.12 Selection for clearance

You can select which clearance is taken into account for the calculation. For
interference fit and clearance a range of tolerances is given. The calculation can
either use the minimum, minimum probable, medium, maximum probable or
maximum value of the clearance. For other needs, the operating clearance can be
specified directly as a number.

The probable values are calculated assuming a normal distribution within the
tolerance field and an independence of tolerances for inner ring fit, outer ring fit
and bearing clearance. In addition linearity is assumed which is not true in case a
fit changes from interference to clearance within the tolerance range. For
comparison probable values could be calculated using the statistical parameter
variation| 301

3.1.1.13 Rolling element temperature

As default, the temperature of the rolling element for calculation of operating
clearance is set to the maximum temperature of inner and outer ring. This default
setting can be changed to either the inner or outer ring temperature or a user
input can be selected, which will be shown on page “Loading” together with the
inner and outer ring temperatures.

If the heat is generated by the bearing, the maximum temperature is a reasonable
selection. If the heat is generated by other heat sources, the mean temperature
could be a better choice.

3.1.1.14 Position of first rolling element

As the circumferential position of the rolling elements within the bearing may
affect the results, an option to define the position of the first rolling element by
means of the angle is available. If a custom angle is desired, it can be entered by

using the “P-button.

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

Calculation for medium dearance w

Rolling element has maximum temperature w

Custom angle for first rolling element e

Custom angle for first roling element
First roling element on y-axis

First roling element on load direction
Load direction between rolling elements

The selection “First rolling element on load direction” uses the radial
displacement for definition of the angle. For pure moment load the angle is set to
zero. In most cases this settings leads to the maximum contact stress and the
lowest life.

The selection “Load direction between rolling elements” uses the radial
displacement for definition of the angle and adds half the pitch angle. For pure
moment load the angle is set to zero.

The option is not yet available for track roller calculation with elastic outer ring.

3.1.1.15 Options for gyroscopic moment

In case of different directions of forces on inner and outer ring contact, the
gyroscopic moment on the ball will affect the load distribution. For high speed ball
bearings often “outer race control” is assumed which means that spinning speed at
outer race contact is zero. The available options are:

e “Gyroscopic momentis not considered”: This is the same behavior than
older versions of the software. No gyroscopic moment is considered and
spinning speeds are calculated by Coulomb friction.

e “Gyroscopic moment based on outer race control”: The ball rotation vector
is calculated assuming no spinning at outer race contact. The gyroscopic
moment is only causing a friction force at outer race contact.

e “Gyroscopic moment based on outer race control, distributed force”: The
ball rotation vector is calculated assuming no spinning at outer race
contact. The gyroscopic moment is causing a friction force at inner and
outer race contact. The friction forces at each contact are proportional to
normal force.

e “Gyroscopic moment based on inner race control”: The ball rotation vector
is calculated assuming no spinning at inner race contact. The gyroscopic
moment is only causing a friction force at inner race contact.

e “Gyroscopic moment based on inner race control, distributed force”: The
ball rotation vector is calculated assuming no spinning at inner race
contact. The gyroscopic moment is causing a friction force at inner and
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outer race contact. The friction forces at each contact are proportional to
normal force.

o "Gyroscopic moment based on mixed control": Dependent on the loading
for each ball the rotation vector of the ball is calculated based on inner or
outer race control assumption. The gyroscopic moment is causing a friction
force atinner and outer race contact. The friction forces at each contact are
proportional to normal force.

e “Gyroscopic moment based on friction”: On each iteration for ball
equilibrium the frictional forces based on Coulomb friction are calculated
in the contact ellipses. The ball rotation vector is based on this calculation.
The resulting gyroscopic moments is distributed on both contacts
proportionally to the normal loads. This options leads to much longer

calculation time and it can lead to convergence problems if not all balls are
loaded.

|II

For high speed ball bearing usually “outer race control” is assumed, this limits the
selection to two options only. For low speed the gyroscopic has usually only very
little influence and can be ignored.

For three-point bearings and four-point bearings the options based on outer ring,
inner ring or mixed control can only be used on two point contact. In case of more
contact points the gyroscopic moment is set to zero and a warning is shown.

3.1.1.16 Life for rolling elements

The bearing life calculation usually only takes into account fatigue life of the
bearing races.

Life for rolling elements can optionally be calculated. The rolling element life is
calculated analogous to (ISO/TS 16281, 2008) like described by (Correns, 2015). For
the combination of life for single rolling elements to the life of the rolling element
set, two options for the Weibull exponent can be considered, either e=10/9 for
ball bearings and e=9/8 for roller bearings as in (ISO/TS 16281, 2008) and ( ISO/TR
1281-1, 2008), or e=1.5as in (ISO/TR 1281-2, 2008) section 4.2.1 for the reliability
factor a. This is different to (Correns, 2015) where an exponent of e=10/3 for ball

bearings and e=9/2 for roller bearings is used without giving a reason for these
exponents.

If this option is activated, the usual bearing life is not changed just the life of the
rolling element set L10r_RESet is calculated in addition.

3.1.1.17 Elastic ring expansion

As default, only the elasticity of the contact between rolling element and race is
considered. If, for example, an angular contact bearing with clearance between
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outer ring and housing is under axial pretension, the outer ring can expand
radially. This will reduce the pretension.

In the current version, two options for consideration of elastic expansion of
bearing rings are available. Both options are based on the assumption of a thick-
walled ring as in the calculation of interference fits.

Either the minimal or the mean radial force in the load distribution is converted
into a constant radial pressure which is then taken into account as in a calculation
forinterference fits. Both rings inner/outer ring and shaft/housing are considered
in the calculation of the fit. This calculation approach is only valid if the variation of
radial forces is small. So the axial load should normally be larger than the radial
load.

The ring diameter is taken as DpwDw as default, so a stiffening effect of

shoulders is not taken into account. Using the “P-button behind the bearing
mm instead the use of an equivalent cross section can be activated. Then the
ring diameter is defined so that the cross section is equivalent to the cross section
of the bearing ring. Both options for the ring diameter can be compared with FEA
results using the graphic "Radial expansion of races" 200,

An additional factor for the ring stiffness of the inner and outer ring can be defined

using the “P-button behind the selection box. This factor is applied to the surface
used for conversion of the rolling element force to a pressure: p = F/(fcr*A).

i Enter parameters X

Factor for stiffness for elastic expansion (inner ring) fcri
Factor for stiffness for elastic expansion (outer ring) fore

[oc ] concel

The elasticring expansion is set to zero in case deformations from the shaft
calculation are considered as the ring expansion should not be considered twice.

3.1.1.18 Use load spectrum

A load spectrum can be used instead of a single load case. This option can be
activated here. For each load case a full calculation using all factors is made. The
resulting life is calculated using the life of each element. Result graphics are only
shown in the report for the selected result element of the load spectrum.
However, the result graphics corresponding to any element number (load case) of
the load spectrum can be shown under the menu ‘Graphics’->'Load spectrum’ (only
until 25 elements), as we can see in this picture:
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File Calculation Report [ Graphics | Extras  Help
= H Lﬁ E Load spectrum 4 Load Distribution »
Bearing configuration Load distribution 3D 4
General I Bearing geometr Load Distribution Contact Stress » -

Load Distribution (Load spectrum) Contact angle 4
Frequency Fx[M] R Load distribution 30 Spin to roll ratio L4
1086 1100 2 Contact Stress Ball orbit speed r
203 /0 1 Contact angle Wear Parameter QV 4
Spin to roll ratio Wear Parameter P¥max  *

301 100 5 .
Ball orbit speed Thermal conductance  *

All other graphics available under the menu ‘Graphics are only valid for the
selected element.

Additionally, under ‘Graphics’->'Load distribution (Load spectrum)’, all the load
distribution cases are superimposed on the chart at the same time. This is also
possible for the roller graphics.

Please note that more intermediate results are printed in the reportif a
calculation is done for a single load case.

3.1.1.19 Calculate modified life

If this flag is set, the modified reference life L h will be calculated. You can

nmr
clear the flag if no information about lubrication is known or lubrication should not
be considered in the calculation.

3.1.1.20 Use extended method for pressure distribution

In (ISO/TS 16281, 2008) a simplified approach to calculate edge stressesin roller
bearings is used and extended method according other literature are
recommended. If this option is set the pressure distribution is calculated according
to (de Mul, et al., 1986), which is the newest literature in the proposals of the
standard.

This extended method is available for radial and axial cylindrical roller bearings,
taper roller bearings and spherical roller bearings.

3.1.1.21 Calculate static safety factor based on stress
If this options is set the static safety is calculated based on maximal contact stress.

SF = (EM)B

Pmax

2
SF = ('pEerm)
For ball bearings is used, forroller bearings Pmax/ js used, so
that the safety factor is proportional to the load. The permissible stress is based on

(ISO 76, 2006).

If the option is not set, the static safety factor is calculated based on maximum
rolling element load and Qmax in (ISO/TR 10657, 1991).
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For ball bearings both options usually show the same results, but for roller
bearings edge stresses are only considered if the static safety factor is based on
stresses.

3.1.2 Bearing geometry
3.1.2.1 Bearing types

Different types of ball and roller bearings can be calculated using the software. In
addition to the calculation of a single bearing, a configuration of several rows can
be defined using “Bearing configuration”.

& Options for selected bearing type x

[] Bearing has filing slot

] Bearing inner ring is shaft

|:| Bearing outer ring is housing

[] Use ring diameter for equivalent cross section for calculation of fits

[] caloulate load capacity for hybrid bearings

Permissible elipse length ratio b
Lower stress limit for truncation pmin{eLR) MPa
Limit for conformity for dynamic load capacity f_limCr
Limit for conformity for static load capacity f_limCar
Tolerance for conformity inner race Afi ICI
Tolerance for conformity auter race Afe ICI
Friction coefficent for fitting pfit

Reduction of load capadty because of hardness according to Harris e

Cancel

By using the “F-button behind the bearing type, some options for the selected
bearing type can be defined.

e Forall bearings, it can be selected that inner ring and shaft or outer ring and
housing are identical. This affects the material input and the input of tolerances.

e The option "Use ring diameter for equivalent cross section for calculation of fits"
will lead to a larger ring thickness of inner and outer ring for the calculation of
fits. Both variants can be compared using the graphic "Radial expansion of

races" [200]. By using the “P-button behind the option, the race diameters can be
overridden.
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e The option “Calculate load capacity for hybrid bearings” will use (1ISO 20056-1,
2017) and (1SO 20056-2, 2017) for the calculation of load capacities which leads to
an increased static load capacity because of higher permissible stresses. The
Youngs modulus of the rolling elements is required to be larger than 300GPa for
the increased static permissible stress.

e For ball bearings the "Permissible ellipse length ratio" affects a warning about
truncation and an output for a permissible axial force in the report.

e For ball bearings the "Lower stress limit for truncation" ignores truncation for all
contacts with a contact stress less than this limit.

e For ball bearings, a limit for the conformity used in calculation of load capacity
can be defined. The load capacity is calculated by the maximum value of the
given limit and the actual geometry input.

e For deep groove ball bearings a tolerance for the conformity can be defined. This
will lead to additional outputs in the Tolerances Report/ss].

o If afriction coefficient for fitting is defined, an axial mounting force is shown in
the tolerance report.

e The reduction of the load capacities because of hardness can be calculated
according to Harris or Schaeffler. The option according to Schaeffler leads to
larger load capacities for very low hardness.

In the current version, the following bearing types are supported:

3.1.2.1.1 Deep groove radial ball bearing

dSe
™
‘ Dw
N
de

dSi
b

=
o1
()

5

o

Deep groove radial ball bearings are cheap standard bearings. Both radial and axial

loads can be transmitted. The nominal contact angle is 0° which will increase under
axial load depending on the radial clearance in the bearing. The free contact angle

a0is shown in report and result overview.
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The geometry is described with number and diameter of balls, pitch diameter,
conformity of inner and outer race and the diametral clearance. The number of
balls in the bearing is restricted, to be able to assemble the bearing.

The conformity is the input parameter defining the radius of the races. (
ri=fi-Dw re :fe-Dw)
Usually the conformity is fi=fe=1052 for deep groove radial ball bearings.

The diametral clearance is defined as Pd = de —di - ZDW.

(13 Options for selected bearing type x>

] Bearing has filing slot

(] Bearing inner ring is shaft

|:| Bearing outer ring is housing

[] use ring diameter for equivalent cross section for calculation of fits

[] calculate load capacity for hybrid bearings

Permissible elipse length ratio %
Lower stress limit for truncation prin{eLR) MPa
Limit for conformity for dynamic load capacity f_limCr
Limit for conformity for static load capacity f_limC0r
Tolerance for conformity inner race afi I:l
Tolerance for conformity outer race Afe I:l
Friction coeffident for fitting pfit

Reduction of load capadty because of hardness according to Harris w

Cance

The “P-button behind the bearing selection also offers some other settings
depending on the bearing type. For deep groove radial ball bearings, it can be
selected if a “filling slot” bearings is used which influences the calculation of the
load capacity with factor bmin (1SO 281, 2007).

The permissible ellipsis length ratio controls the warning about cut off of contact
ellipsis. A value below 100% would allow some amount of cut off, a value larger
100% adds an additional distance. This permissible value is used for the calculation
of permissible axial load limit given in the report too.

3.1.2.1.2 Double row deep groove ball bearing

For double row deep groove ball bearings, a distance between rows ‘6R' has to be
defined in addition to the parameters of the single row deep groove ball bearing.
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3.1.2.1.3 Axial deep groove ball bearings

For axial deep groove ball bearings, the nominal contact angle is 90°. The default
conformity is fi =fe =0.535.
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In the bearing type options dialog, it can be defined if the left or the right ring shall
be considered as inner ring. This also changes the sign of the axial force which is
given for the innerring.

{5 Options for selected bearing type | &

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

Selection for inner ring [Leﬂ: ring is considered as innerring ™ ]

Permissible ellipsis length ratio 100 63

oo J[ cened |
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No tolerances are considered for axial deep groove ball bearings.

3.1.2.1.4 Radial angular contact bearing

de
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The angular contact bearing is similar to the deep groove ball bearing, but the
contact angle is larger. Standard bearings have contact angle of 15°, 25° or 40°.

Double row angular contact bearings can be either defined using a single row
bearing and a configuration of two bearings or a double row angular contact
bearings can be defined directly. This allows the input of radial clearance of the
two row bearing. In both cases life modification factor 350 is calculated for both

rows separately.
The direction of contact angle can be defined using the “-button behind the

contact angle. Additionally, the input of direction of contact is available in the
bearing type options.

 m— | . . .
The ==-button for axial clearance allows to calculate the axial clearance for given
pretension or for given radial clearance in case of double row angular contact
bearing.
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3.1.2.1.5 Double row radial angular contact bearing

For double row angular contact bearings, the configuration of contact angles can be
defined in the options dialog.

The clearance can be generated in three different ways. See at four-point bearing
below.

i) Options for selected bearing type |i

[ Bearing has filing slot

[ Bearing inner ring is shaft

|:| Bearing outer ring is housing

[ calculate load capacity for hybrid bearings

Clearance generation type [a}dal direction - ]

Direction of contact angle [back to back arrangement ~ ]

Permissible ellipsis length ratio 100 %%

|

b A

In addition to the inputs for the single row angular contact bearing, the distance
between rows has to be entered.

3.1.2.1.6 Axial angular contact bearing
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The description of geometry for axial angular contact bearings is the same as for
radial angular contact bearings. The only difference in geometry is a value of 0.535
for the conformity, instead of the 0.52 used for radial bearings.

The results for load distribution are the same for the selection of axial or radial
angular contact bearings, but for axial bearings additional reduction factors are
considered in the calculation of load capacity. Therefore, the resulting life is
smaller if the bearing is calculated as axial bearing.

Standard axial angular contact bearings have a contact angle of 60°.

3.1.2.1.7 Double row axial angular contact bearing
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Just as for the radial case, double row axial angular contact bearings can be either
defined using a single row bearing and a configuration of two bearings or a double
row angular contact bearings can be defined directly.
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3.1.2.1.8 Four-point bearing considered as radial bearing
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This can be used for standard QJ bearings with 35° contact angle. Load capacity fora
four-point bearing is calculated as a double row bearing, as usually done in bearing
catalogues. The results are reported for both rows. In case of two contact points,
there is one contact on the inner ring of one row and on the outer ring of the other
row. All possible four contacts are considered in life calculation.

Using the “P-button behind the bearing type a “filling slot” can be defined and the
method clearance is generated for the bearing. There are three ways to generate
clearance in the software:

1. Centers of curvature are moved in axial direction. This leads to a decreased
contact angle for radial load. It corresponds to a four-point considered as
angular contact bearing.

2. Centers of curvature are moved in radial direction. This leads to an
increased contact angle for axial load.

3. Centers of curvature are moved along the nominal contact angle.
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[# Options for selected bearing type >

Bearing has filling slot
Bearing inner ring is shaft
Bearing outer ring is housing

Calculate load capacity for hybrid bearings

Clearance generation type E axial direction -

-

Permissible ellipse length ratio (100

Limit for conformity for dynamic load capacity f_limCr |] ........................

Limit for conformity for static load capadty  f_limCOr

=

[ | Cancel

3.1.2.1.9 Four point bearings considered as axial bearing

This selection can be used for slewing rings as done in (Harris, et al., 2009).
Because of additional reduction factors for axial ball bearings, the calculated life
will be smaller than considered as a radial bearing. The load distribution is the
same as for the four-point bearing considered as radial bearing.

dSe

dSi
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3.1.2.1.10 Three point bearings

Three point bearings with splitinner ring or split outer ring can be considered. The
split ring has two radii like in a four-point bearing and the second ring has a full
radius. Therefore there can be two or three contact points.

In contrast to the other bearing types, the input for the contact angle is the contact
angle on the split ring under radial contact. The input field is therefore shown as
shim angle. The operating contact angle will depend on radial clearance. The radial
clearance can be calculated from the required free contact angle.

The free contact angle is calculated based on two point contact. If the resulting
free contact angle is less than the shim angle, there will be three point contact
under low axial load.

The load capacity is calculated based on a single row radial angular contact ball
bearing using the free contact angle. Because the free contact angle is used, the
load capacity is dependent on the nominal clearance.

3.1.2.1.11 Self-aligning ball bearing

Spherical ball bearings can be selected as single or double row bearings. A single
row bearing has a contact angle of zero.

B
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3.1.2.1.12 Self-aligning ball bearing (double row)

For double row bearings the distance of rows is defined by the contact angle. The
distance between rows is then

0r = Dpy "tana

For spherical ball bearings, the conformity of the outer race is defined as
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Soitis the ratio of radius and outer race diameter which is 0.5 as standard.

The shoulder diameter of the outer ring is automatically limited by the width and
the radius of the outer race. Still alarger value as the limit could be entered by the
user. The life modification factor 350 is calculated for both rows separately.
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Two deep groove ball bearings can be calculated as a set by selecting “Duplex
bearings”. The same could be done by using a single deep groove ball bearing and
a configuration of two bearings but the input is more flexible using “Duplex

3.1.2.1.13 Duplex bearings

bearings”.
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The geometry data is defined for a single deep groove ball bearing, additionally
the distance between the two rows is an input value. The input of the diametral
clearance is for the single bearing only.

The clearance of the configuration can then be changed by an axial offset SCC

between inner and outer ring of each bearing. Using the ~-button it can be
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calculated from a given axial clearance, radial clearance or pretension force for the
bearing configuration.

The free contact angle of the bearing o and Qgeff are shown in the reportandin
the results overview.
Options for the bearing allow selecting of face-to-face or back-to-back

configuration. This has an influence of the load distribution on moment loads or a
tilted bearing.

I Options for selected bearing type |_|

[7] Bearing has filing slat

[7] Bearing inner ring is shaft

|:| Bearing outer ring is housing

[~] calculate load capacity for hybrid bearings

Method for calculating load capadities [Load capacity of single deep groove ball bearing - ]
Direction of contact angle back to back arrangement - ]
Permissible ellipsis length ratio 100 %%
Lok J[ coneel |
\ J

There are four options for the calculation of load capacities:

1. Load capacity of single deep groove ball bearing: The input values are for a
single bearing only. These are the values which are given in the
documentation of the single bearing. In this case, the load capacities of the
pair are shown as Csys in the report.

2. Load capacity of paired deep groove ball bearings: Here the calculation is
done using load capacities for two paired deep groove ball bearings using

factors of 20-7 for dynamic and 2 for static load capacity.

3. Load capacity of double row deep groove ball bearing: Here the load
capacities are calculated using the factors for a double row bearing. The
dynamic load capacity is smaller than for the second case.

4. Load capacity of double row angular contact ball bearing: Here the load
capacity is calculated using the free contact angle of the bearings.

If thermal effects are considered, the axial offset SCC will be modified during the

calculation to take the different axial elongation of inner and outer ring into
account. The results are the same as if using a single radial deep groove ball
bearing with a configuration of two bearings.

3.1.2.1.14 Radial cylindrical roller bearings
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The radial cylindrical roller bearing is a bearing providing a high load capacity for
radial loads but it does not support high axial loads or misalignment of inner and
outerring.

In addition to the parameters used for ball bearings, the effective length of the
roller Lwe is arequired input parameter. The effective length is a little smaller

than the length of the roller because of radii at the end of the roller. The contact
angle is always zero for cylindrical roller bearings.

The roller profile is considered as defined by ISO/TS 16281 as default. If the
extended calculation for pressure distribution is selected, an input of profile for

races and roller is possible using the “P-button behind the roller effective length.
Several options are available including reading the profile from afile.

The axial load is considered as shown by (Harris, et al., 2007). The axial load brings
a tilting moment to the roller and an unsymmetrical load distribution on the races
occurs. The axial forces are considered at the half height of the shoulders. If 20% is
entered for the height of the shoulder, the axial force is acting at 10% of roller
diameter.

{5 Options for selected bearing type | =

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

Configuration [NU & ]

Mumber of sections for roller nSec 41

o) (o)
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The type of cylindrical roller bearing NU, NJ, NUP ... can be selected in the options
dialog of the bearing.

For cylindrical roller bearings which support axial loads, a radial and axial clearance
can be specified. It is important to enter a value for axial clearance if tilting occurs.
For NUP type, the axial clearance has influence on the reaction moment.

For NUP type, the axial clearance is measured between left and right positions of
the rings like for deep groove ball bearings. For directional bearings like NJ, the
axial clearance is between reference position and one side like for angular contact
ball bearings or taper roller bearings.

For types which do not support axial loads like NU, the axial displacement ‘ux’ has
to be selected as input instead of ‘Fx’.

The number of sections for the calculation of load distribution can be changed in
bearing options, too. The minimum is 31 sections. A larger value reduces the edge
stresses by the approximation function in ISO/TS 16281 if the extended method for
pressure distribution is not active.

3.1.2.1.15 Radial cylindrical roller bearings (double row)

% 1

A Lwe_ k Q

% /

3R -

dSe
dSi
Dpw

di

In addition to the inputs for a single row bearing, the distance between the row
centers has to be defined. Generally, the same results are obtained as if using a
single row bearing with a bearing configuration of two rows; however, the results
will differ if the configuration shows different positions of shoulders under axial
load. An additional difference is the load capacity which is shown for the double
row bearing.

The different bearing types can be selected in the options dialog as well.

3.1.2.1.16 Needle bearings
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Needle bearihgs can be calculated using the selection ‘Cylindrical roller bearing’,
too. The type ‘needle bearing’ was only added so the types can be separated in the
database.

Needle bearings do not support axial forces. Therefore ‘ux’ has to be selected as
input instead of ‘Fx’. The axial clearance is not available as an input.

For drawn cup needle roller bearings the b _-factor for the dynamicload capacity
should be setto 1.0instead of 1.1in case of machined bearing rings. The type can

be selected under options for the bearing type using the “P-button behind the
bearing type.

3.1.2.1.17 Axial cylindrical roller bearings

Axial cylindrical roller bearings have a contact angle of 90°. They only allow axial
forces and bending moments. No radial forces can be used. Therefore, uy, uz have
to be entered instead of Fy, Fz.
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Lwe
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]

Dpw

The options dialog (':ﬂ:'-button behind bearing type) allows to specify if the left or
the right ring shall be considered the “inner ring” on which loading applies. The
default setting “Left ring is considered as inner ring” results in a positive axial load
to be entered.

i} Options for selected bearing type | 3

[ Bearing inner ring is shaft
|:| Bearing outer ring is housing
[ Calculate load capadity for hybrid bearings

Selection for inner ring ’Leﬂ: ring is considered as innerring ™ ]

MNumber of sections for roller nSec 41

() (o)

’,

An axial clearance can be entered; its only influence is an offset to the axial
displacement.

No tolerances are considered for axial cylindrical roller bearings.

3.1.2.1.18 Radial tapered roller bearings

Tapered roller bearings use a conical roller instead of a cylindrical roller. The input
roller diameter is given for the middle of the roller and also the pitch diameter

Dpw is defined for the middle of the rollers. The clearance is defined as axial

clearance.
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The contact angle should be the direction of the load. Therefore, the angle of the
outer ring, the cup, has to be specified for the contact angle. The angles for the
roller and the cone are then calculated so that all cones intersect on no load

condition.

If the axial force is too small, a calculation error can occur since the bearing will fall
apart. You have to enter an axial force large enough or to specify an axial
displacement instead.

The direction of contact angle can be defined using the “"-button behind contact
angle or bearing type.

The diameter of the shoulder of the inner ring can be defined. The force is
assumed to be at the medium height of the shoulder.

Distance to row center OCR -2.70216 mm

P
{# Conversion of center to row distance | 2

Distance to centre of pressure a 101,763 mm

Quter race small inside diameter E 242,008 T

ok || cancel |

L -

The distance between center of bearing and center of roller ‘6CR’ can be defined

in two different ways by using the ~=-button. It can be converted either from the
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distance to the center of pressure ‘a’, or from the outer race small inside diameter
‘E’ by setting the corresponding flag. Note that changing ‘E’ will in turn modify
‘Dpw’ according to their geometric relations.

3.1.2.1.19 Axial tapered roller bearing

B/2
6CR

Dpw

| 1 1

The inputs which define a tapered roller thrust bearing are a bit simpler than for
the radial case of tapered roller bearings, since the distance between center of
bearing and center of roller ‘6CR’ is directly entered by the user. The clearance is
also defined as axial clearance.

As shown in the picture, a contact angle ranging from 90° to 0° can be set, but it
should always be between 90° and 45° in order to suit its axial load-carrying
design.

No radial forces can be accommodated, so the radial displacements ‘uy’ and ‘uz’
under loading have to be set to zero.
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The direction of contact angle can be defined using the “P-button behind contact
angle or bearing type.

The height of the shoulder of the inner diameter can be defined through the factor
‘fSi’ (%) in terms of percentage of the roller diameter. The force is assumed to be
located at the medium height of the shoulder.

No tolerances are considered for axial tapered roller bearings.

3.1.2.1.20 Radial tapered roller bearing (double row)

As for other double row bearings types, the arrangement of contact angles can be
defined in the options dialog. Unlike the single row radial tapered roller bearing,
the distance between rows measured from the center of the corresponding rollers
has to be entered. The same results are calculated as if using a single row bearing
with a bearing configuration of two rows. The only difference is the load capacity
which is shown for the double row bearing. As in the other bearing types, the
clearance can be also defined as radial clearance.

B/2

dSi

Bi

5R

I

3.1.2.1.21 Barrel roller bearings
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Barrel roller bearing are single row spherical roller bearings. As for double row
spherical roller bearings, the outer race is a sphere and the bearing does not
support moment loads. Therefore, the tilting angle has to be defined instead of
moment load.

The radius of inner race, outer race and roller can be specified as ratio to the

de = Dpy + Dy,

nominal diameter of the outer race: . Default parameters are:

fe=0.5:fi = 0.5 fr = 0.485 ¢ 110 radius for the outer race is chosen differently,
the bearing cannot rotate freely any more.

The load capacity is calculated using bm=1 as this seems to be the case in catalog
data of major manufacturers.
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3.1.2.1.22 Axial spherical roller bearing

The pitch diameter D W is defined as intersection of contact angle a and axis of

p
roller. Usual values for contact angle are 45° to 50°.
— B -—
o

-

Dpw

oCR

B/2

Radii of inner race and roller are defined by factors fi and fr like for the radial
spherical roller bearings. They are defined as r =fi*(2*re) and rr=fr*(2*re). Default
values are fi =0.5and fr=0.485. If the three radii i Tos M are entered using the =

button behind fi' fr' the factors fi' fr and the pitch diameter DpW are calculated.
The unsymmetry of the rolleris defined by dL as offset between center of roller
and position of maximum roller diameter Dw' A sizing button is available to
calculate 5L so that the contact point is at the center of the roller.

The load capacities are calculated using the roller diameter Dwe at the contact

point. The contact stress on the roller is always shows from inner roller end to
outer roller end, instead of left to right.
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3.1.2.1.23 Spherical roller bearing

g

7 7
n

The distance between both rows is determined the contact angle and the pitch
diameter. In contrast to the other bearing types, the nominal diametral clearance
isonly applied to the inner race.

2l

Dpw

dSi

©

The radius of inner race, outer race and roller can be specified as ratio to the

— Pow , p
e - w
nominal diameter of the outer race: cos(a) . Default parameters are:

fe=10.5:fi = 0.5 fr = 0485 ¢ 410 radius for the outer race is chosen differently,
the bearing cannot rotate freely anymore.

3.1.2.1.24 Cross roller bearings

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

Cross roller bearings have a contact angle of 45°. They can be selected as radial or
axial bearings. Differences are the calculation of load capacity and the input of
clearance as radial or axial clearance.

The number of rollers has to be entered for one row; so it is half of the total
number of rollers. The length of the roller has to be smaller than its diameter.
3.1.2.1.25 Angular roller bearings

Angular roller bearings are similar to cross roller bearings, but all rollers are
mounted in one direction. Therefore, the restriction on roller length does not
apply anymore and the contact angle is available as input.

3.1.2.2 Approximation of bearing geometry

If the inner bearing geometry is not available, it can be approximated by the
software. Four possibilities are available:

Enter outside geometry only

In this case only the outside geometry of the bearing is defined with inner
diameter d, outer diameter D and width B. Additionally, the contact angle and the
clearance have to be defined.

The number and size of rolling elements are approximated by the software. The
load capacities are then calculated using this inner geometry. This does not lead to
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accurate results, because the real bearing geometry is not used. But still influences
of moment loads and other parameters could be seen.
Enter outside geometry and load capacities

In this case, the inner geometry is approximated as before, but the load capacities
are provided by the user. The load capacities are usually available in bearing
catalogues.

Enter inner geometry

Using this selection, you have to enter all the dimensions forinner geometry. The
load capacities are calculated according to the standards.

Enter inner geometry and load capacities

Since bearing manufacturers often use load capacities larger than calculated
according to standards, it is possible to enter both: the inner geometry and the
load capacities. The load capacities are then used for the calculation of life.

Select bearing from database

Instead of entering bearing geometry by the user, it can be selected from a
database.

Inner and outer diameter can be defined optionally. This restricts the number of
bearings shown in the list. By clicking on the titles of the columns, the data can be
selected according to this column.

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

[ MESYS Rolling Bearing Calculation - MESYS AG = O X
File Calculation Report Graphics Extras  Help
UeHd $Ee
General Bearing geometry Bearing configuration Material and Lubrication loading  Track roller
|Deep groove ball bearing i | |Se|ect bearing from database w |
Inner diameter d D mm Dynamic load number Cr KN
Outer diameter o o 0 Static load number cor kM
Fatigue load limit Cur kM
Manufacturer name di[mm] De[mm] B[mm] C[kN"™
e T cu . w PR Bearing clearance User input as operating cearance |
Generic 61904 20 37 9 5.986: | Diametral dearance a0 Jem 3
Generic 6404 20 72 19 2519
Generic 61804 20 32 7 3.801C
Generic 6304 20 52 15 14.54¢
Generic 16004 20 42 8 8.485¢
Generic 6004 20 42 12 8.485¢
£ >
Result overview =3
Basic reference rating life L10r Maximal pressure pmax l:l MPa 2
Static safety factor SF Ellipse length ratio inner race elR_j I:I £
— — = v

Double-clicking of a row reads in the bearing data and updates the values which
are read from the database.

The data of inner geometry of the bearings provided with the database are
approximated from outer dimensions. Additional databases from bearing
manufacturers are available. Catalog data with approximated inner geometry is
available from Schaeffler and SKF and is included in the installation. Encrypted
bearing databases including inner geometry are available from GMN, HQW and
IBC, please contact the bearing manufacturer for these databases.

Bearings with approximated bearing inner geometry and bearings with
manufacturer setting "Generic" are shown with default font, custom bearings and
databases with inner geometry information are shown in bold font.
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General Bearing geometry Bearing configuration | Material and Lubrication Loading Track roller

[Angular contact ball bearing - ] [Enter outside geometry only -
Inner diameter d a5 mm Dynamic load number Cr 51.88 kN
— Static load number Cor  63.5152 kM
Outer diameter o] 145 mm
Fatigue load limit Cur 3.02162 kM
Width B 24 mm
Bearing clearance User input N ]
Mumber of rolling elements Z prrd
- Axial dearance Pa 0 mm
Diameter of roling elements Dw 14 mm |
Bearing tolerance 150 492 - P4 b
Pitch diameter Dpw 120 mm -
— Fitto shaft K6
Contact angle Qs 25 e
Surface roughness shaft Rz 4 pm
Conformity i i fi 0.52 H
onformity inner ring Shaft inner diameter dsi 0 mm
Conformity outer ring fe 0,52 Fit to housing H7
Shoulder diameter inner ring dsi 1144 mim Surface roughness housing Rz 4 um
Shoulder diameter outer ring dse 125.6 mm Housing outer diameter dhe 0 mm

3.1.2.3 Load capacities

Dependent on the setting for the approximation of bearing geometry, the load
capacities can be an input or an output. If they are given by the user, they will not
be changed because of surface hardness of the material. The surface hardness is
only considered if the values are calculated by the software.

3.1.2.3.1 Dynamic load number

The dynamicload numberis used for the calculation of bearing life. Itis calculated
according (1SO 281, 2007) with factor fc according ( ISO/TR 1281-1, 2008). The factor
bm can be influenced for filling slot bearings using the options dialog for the

bearing type (E[::'—button behind bearing type). If the option for hybrid bearing is
selected in the options dialog, the dynamic load capacity is calculated according to
(ISO 20056-1, 2017), leading to larger bm and smaller fc, but unchanged load
capacity compared to steel bearings.

The dynamic load number can be influenced by a modification factor available at
material properties.

3.1.2.3.2 Static load number

The static load number is calculated according (ISO 76, 2006) and ( ISO/TR 10657,
1991). Itis only for documentation and only used in the calculation of static safety
factor if the static safety is not calculated based on stresses (see settings
“Calculate static safety factor based on stresses”). Itis also used in one case for
track roller calculation, see that section for details.

If the option for hybrid bearing is selected in the bearing options dialog, the static
load capacity is calculated according to (ISO 20056-2, 2017), leading to larger static
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load capacities in case of silicon nitride rolling elements with Youngs Modulus
larger than 300GPa . Note that (ISO 20056-2, 2017) also uses higher values for
recommendations of static safety factors.

The static load number is based on a permissible stress which can be changed at
inputs for material data.

For bearings with low speed higher loads are permitted sometimes. For example,
(I1SO 1002, 1983) allows a radial force of over five times the static load capacity for
nonrotating ball bearings.

3.1.2.3.3 Fatigue load limit

The fatigue load limit is calculated according (ISO 281, 2007) section B.3.2.1.2 for
ball bearings and according section B.3.2.1.3 for roller bearings. For roller bearings,
the standard calculation according ISO/TS 16281 is used, not the extended method
for pressure distribution.

The fatigue load limit is based on fatigue strength of 1500MPa and it is used for the
calculation of modified life. The fatigue strength can be modified using inputs for
material data.

3.1.2.4 Inner, outer diameter and width

The inner diameter, outer diameter and width are only needed for documentation
and for the approximation of inner geometry. They are not used in the calculation
itself.

If the inner geometry is provided, these values could be set to zero.

3.1.2.5 Deformations of rings

If deformations of outer and inner ring are, for instance, known by means of FE
analysis, they can be entered into the software to evaluate their influence on

bearing life and contact stress by clicking on the “P-button behind both diameter

input fields.
Inner diameter d 100 mm
Quter diameter o 140 mm
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@ Define deformations of inner ring @
Type of input [Fourier coeffidents hd ]
u_r[mm] &_r[] ux[mm] &_x[°]
u*cos(0*y + ¢) 0,09 0 0,001 0

urcos(l*y + ¢) -0,03 -30 0,0015 -45

(=]
(%]
u*cos(2y + ) 0,015 60 0,009 270 E]
(=]

0,02 =
290 001 0,012 @
3 135 0,015 0,016 E]
4 225 0,08 -0,0115 E]
5 270 0,045 -0,011
6 315 0,01 -0,014

Deformation of rings =]
Deformation of rings

They are two possibilities. On one hand, with the option ‘Point data’, as many
points of deformation as needed can be added to the data table. Any pointis
positioned circumferentially by its angle and both the axial and radial deformation
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can be defined. Note that the deformations along the rings between any defined
points will be linearly interpolated. On the other hand, there is an option to define
an approximate deformation curve by ‘Fourier coefficients’ as shown in the picture
below. Additionally, a whole table can be imported from a csv-file using the =+
button and any created table can be exported into a file using the | =-button.

In case of shaft calculations with 3D-elastic parts a shaft deformation can be
transferred to the bearing calculation. In this case a check-box "Consider shaft
deformations" is shown. If this check-box is cleared the shaft deformations are
removed and not considered any more.

These deformations and deformations transferred from the shaft calculation are
not considered in outputs for bearing clearance or the tolerance report. They only
affect the calculation of load distribution and life.

In the current version, the definition of deformations cannot be used together
with track roller calculation with elastic outer ring.

3.1.2.6 Number of rolling elements

{83 Enter parameters =

Enter number of rolling elements

Maximum fill angle WREmax =
Minimum distance between roling elements GREmin mim
Corcel

The number of rolling elements has to be specified. A minimum number is three;
the maximum number depends on the bearing pitch diameter. A warning is shown
if the rolling elements overlap, the distance between rolling elements is available
in the results overview and report.

For cross-roller bearings, this is the number of rollers for one row.

Using the “"-button the number of rolling elements can be calculated
automatically based on a maximum fill angle and a minimum distance between
the rolling elements. For deep groove ball bearings, the fill angle would be 180-
200°, the minimum distance can be based on requirements for the cage.

This option is mainly thought to allow the variation of the rolling element
diameter in the parameter variation with an automatic setting of the number of
rolling elements.

3.1.2.7 Diameter of rolling elements

The diameter of the rolling elements is specified here. For taper roller bearings,
the diameterin the middle of the rolleris used.
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Using the E—button, the number of rolling elements, roller diameter and contact
angle can be calculated from given damage frequencies. This can be used if
damage frequencies for a bearing are given and geometry data is missing.

rI"I"I Calculate Z, Dw from frequencies ﬁ1

Speed of inner ring i 1000 rpm
Speed of outer ring ne 0 rpm
Pitch diameter Dpw  33.5 mm
Damage frequency for inner race fip  107.3588 1f=
Damage frequency for outer race fep  75.9458 1fs
Damage frequency for rolling element frp 722548 1f=
Mumber of ralling elements z 11

Roller diameter Dw 7.5 mim
Mominal contact angle a 39,9995 =

ok || caleate || cancel

3.1.2.8 Pitch diameter

The pitch diameteris the diameter of the centers of rolling elements when they
have the same amount of clearance to both races. The diameters of inner and
outer race are calculated by this value, the diameter of rolling element, the
contact angle and the clearance.

Usually, the mean value of inner and outer diameter of the bearing is taken, but it
can be different. For example, it is not valid for a needle bearing without inner

ring. The mean value can be selected using the 77 -button behind the input.

3.1.2.9 Contact angle

The contact angle has to be provided for angular contact bearings, four-point ball
bearings, spherical ball bearings, taper roller bearings ad spherical roller bearings.
For taper roller bearings, the cup angle is used since this is the direction of the

force. Using the I:[::'—button, the direction of contact angle can be selected.

For double row angular contact bearings, the back-to-back arrangement has the
larger width between the centers of pressure and it is also called O-configuration,
while the face-to-face arrangement is the same as the X-configuration.

For three point bearings this input is used for the shim angle of the split ring. The

==-button allows to calculate the shim angle by given shim width. The resulting
contact angle for axial contact is available as free contact angle in the results.
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3.1.2.10 Conformity of inner and outer ring

The conformity is the ratio between radius of curvature of a race and the ball
diameter. For geometric reasons, the value has to be larger than 0.5. The values
used for the calculation of tables in ISO 281 are fi=fe=0'52 for radial ball bearings

and fi=fe=0.535 for thrust ball bearings as stated in ( ISO/TR 1281-1, 2008).

According to (1ISO/TS 16281, 2008) usual values are fi=0'52 and fe=0.53 for radial ball
bearings and fi=fe=0.54 for thrust ball bearings. (ISO 76, 2006) also uses fi=fe=0.54

for thrust ball bearings.

For spherical or barrel roller bearings values of fi= fe=0.5 should be used. Here the

diameter of the outer race de is used as reference.

According to (ISO 281, 2007) and (ISO 76, 2006) a larger conformity reduces the load
capacity and therefore a reduction of fcis required, but a smaller conformity does

“not necessarily increase the load-carrying ability”. Therefore, the software allows
to enter alimit for the conformity used for the calculation of load capacity. See the

“P-button behind the bearing type for ball bearings.
For spherical ball bearings, the diameter of outer race de is used as reference for

fe' So fe:0.5 should be used as default.

Using the “P-button behind the input field, the conformity can be calculated from
a given radius. Ensure that you input the correct roller and pitch diameter before.

3.1.2.11 Conformity of roller

For spherical or barrel roller bearings, the conformity of the roller has a usual value
of fr=0.485. The diameter of the outer race de is used as reference, sor =fr*de'

3.1.2.12 Distance between rows

For double row bearings, the distance between rows is shown in the user
interface. It is the axial distance between the centers of balls. For double row
angular contact bearings, it is an input, for the other bearing types it is an output
since the distance is calculated by pitch diameter and contact angle. The distance
between rows is

8gr = Dpy "tana

3.1.2.13 Effective length of roller

The effective length of the roller is the length that can be loaded. A radius at the
end of the roller has to be subtracted to get the effective length.
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If the extended method pressure calculation for pressure distribution is selected

on page ‘General’, the roller profile can be defined using the “F-button.

3.1.2.13.1 Defining roller profiles

Profiles can be defined forinner race, outer race and roller.

[#3 Define roller profiles >
Difference between effective and total roller length Alw ICI mm
Mumber of roller sections used nSsec
Roller
Type of profile |513ndard profile accarding ISO/TS 16281 ~ |
Inner race
Type of profile |Tanger1tia| Crowning - |
Frofile pr |5 | pm | =
Unmodified cylindrical part Lwu |50 5o Iﬁl
Outer race
Type of profile User defined - | | E ,_|-=' |

As general inputs, the difference between effective and total roller length can be
defined. As it increases the stiffness of the roller, it has an influence on the
calculation.

The number of sections for the calculation has to be larger 30 and has to be an odd
number. The calculation accuracy and the calculation time increase with a larger
number of sections.

Four options are available for the profiles:

1. Standard profile according ISO/TS 16281:
This is using the defaults of the standard, which is logarithmic profile of
the roller and no profile on the races.

2. Logarithmic profile:
The amount of relief can be defined and a cylindrical part that should not
be modified. The following formulais used:
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1
1_[2|x|—Lwr

Lwe - L‘wu

P(x)=Pr-In

For the roller, a sizing button provides the default relief according ISO/TS
16281. The default relief of 0.00035*Dw for short cylindrical roller bearings
corresponds to a contact stress of 3000MPa.

3. Modified logarithmic profile:
The amount of relief is calculated according following formula derived
from (Fujiwara, et al., 2010):

1
P(x)=A"-In 5
Py 2|x|— L
- p-e ()
Lwe_Lw
using
C(1-v2)\?
AZZDW.(¥)

The maximum relief is not infinity at the edge of the roller like in the
logarithmic profile according ISO/TS 16281 but limited to the maximum
value of pr.

Using p =3000MPa and pr=Infinity, the results are the same as for the
logarithmic profile according ISO/TS 16281 above.

The material data for this profile is always taken from the contact
roller/inner race.

4. Tangential crowning:
A circular arc tangential to the cylinderis used to generate the profile. The
amount of relief and a percentage of unmodified cylinder length can be
defined.

5. Crowning:
A circular arc with center positioned axially on the center of the roller s
used to generate the profile. The amount of relief and a percentage of
unmodified cylinder length and a transition radius can be defined.

6. Two tangential radii:
A first cylindrical part with width "Lwu" is extended by two tangential radii.
The width of the first radius is defined as percentage "Lwrl". A
requirementis "Lwrl" >"Lwu". "Lwu" can be set to zero to have two radii
only.

7. Readfile:
The profile can be read from a file. The data has to be specified with two
values on each line, an axial position and the profile relief. The axial
position is scaled with the roller length and the relief is scaled with the
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input for the profile relief. So a range from -1to +1 can be used for the
axial position and Oto 1 for the relief.

A very simple file is shown here. It was selected for the inner race profile
on the right:

i = N
| profile - Editor EEEE
Datei Bearbeiten Format  Ansicht  F
Jfaxial_position profile .
-1 1
-0.7 0
+0.7 4]
1 it
4 b
-
Roller profile 3|
Roller profile
— o.0o0iT —0Ou e profile
E -
E o003t
u 4
5 -0.0057
o .
-0.007 1 : N ! h : : :
[na} [} — = — (] [ng]

Axial position [mm]

Roller profile
—Roller profile
—. 0.008 ~—=iInner race profil
E 0,004
E
o 0,002
g o =
o -0,002
0.004

Axial position [mm]

The unsymmetrical profile is used from left to right for most bearings. For
taper roller bearings and axial spherical roller bearings, the profiles is used
from left to right if direction of contact angle is left. For contact angle to
the right, the profile is mirrored. So mounting conditions do not influence
the profile.

8. Read file without scaling:
Like option "Read file" the data is read from a file. Using this option no
scaling will be done. The axial extension has to be defined from -Lwe/2 to
+Lwe/2 or from O to Lwe. The profile is defined in "mm" and won't be
scaled too.

9. UserInput:
Instead of defining a file name, the points for the profile can be defined in
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atable. Again as above, use a range of -1to +1 for the axial position and a
value between 0 and 1 for the profile relief.
The table in the diagram on the right shows the same data as the file

above.
i Define profile for inner race
X Ar ﬂl
207 o %
307 0 -
41 1 -

G

The profiles can be shown in the graphics for roller profile.

3.1.2.14 Offset for roller center

For axial spherical roller bearings, an offset for the roller center 8L can be defined.
Itis the distance between the center of the roller and the position of the
maximum diameter DW.

3.1.2.15 Shoulder diameter of inner and outer ring

For ball bearings and radial cylindrical roller bearings, the shoulder diameter of
inner and outer ring can be defined. For tapered roller bearings, the shoulder for
the inner race can be defined. If an input of zero is given, it will not be considered.

The shoulder diameter is compared to the maximum extension of the contact
ellipsis. A warning is shown if the ellipsis would extend above the shoulder. The
Hertzian stress is not valid in that case.

The required shoulder diameter is shown in the report together with a length ratio
elR_i, eLR_e which is showing a safety of shoulder length. The length ratio is
defined as the length from lower end of contact ellipsis to shoulder (the green line
the graphics) divided by the length of the contact ellipsis 2a (red line in the
graphics). The value should therefore be larger than 1 or 100%.

For spherical ball bearings, the shoulder diameter of the outer race is limited by
the radius of outer race and bearing width automatically if the bearing width is
entered.
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-
{11 Enter Factor for shoulder diameter m

Enter Factor for shoulder diameter

Factor shoulder diameter inner ring 30 £

Factor shoulder diameter outer ring 30 6

| ok || cancel

Instead of using an absolute value, the shoulder height can be defined using a
percentage of ball diameters. A factor of 50% would be a shoulder up to the pitch
diameter, so the factor should be between 10% and 40%. Using this factor allows to
have default geometry on changing ball diameter or pitch diameter.

For radial cylindrical roller bearings and tapered roller bearings, it is assumed that
the axial force is acting at half the height of the shoulder.

3.1.2.16 Distance to row center

This inputis only available for taper roller bearings and axial spherical roller
bearings. Itis the distance between center of roller and center of bearing. It can be
calculated from the distance to center of pressure ‘a’ provided in bearing catalogs.

3.1.2.17 Bearing clearance

The bearing clearance can be set automatically according (I1SO 5753, 2009) (C2...C5)
for deep groove ball bearings, four-point bearings, self-aligning ball bearings,
spherical and cylindrical roller bearings.

In addition, there are the settings ‘from database’, ‘own input as operating
clearance’ and ‘own input’:

o If ‘From database’ is selected, the minimal and maximal values for the bearing
clearance are taken from the bearing database. An error message is shown if the
bearing data is not selected from database. It is not necessary to use the
clearance from database, also the other options for clearance can be selected.
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e Selection ‘user input as operating clearance’ means that no modification to the
clearance will be done by the software. No interference fit or temperature is
taken into account. This is the recommended setting if you know the clearance
you want to consider.

e Selecting ‘user input’ allows entering the clearance of the bearing before
mounting. Influence of temperature or interference fits will be considered
additionally.

e Selecting ‘user input as range’ allows entering the clearance of the bearing

before mounting as a range using the “P-button. Influence of temperature or
interference fits will be considered additionally. The load distribution will be
calculated using the clearance according to the setting as minimum, medium or
maximum value of the range.

3.1.2.18 Diametral clearance

The diametral clearance Pcl is shown for deep groove radial ball bearings, spherical

ball bearings, cylindrical roller bearings and spherical roller bearings. It is the
distance between the upper and the lower position the inner ring can have
without load in a fixed outer ring. It can be calculated as

Pd:de—di—Z'Dw
For pretension, a negative clearance can be entered.

The same value is sometimes described as radial clearance (in contrast to axial
clearance), but the measurement is still a difference of diameters.

A ==-button allows the input of axial clearance instead of diametral clearance. For
deep groove ball bearings, the clearance can also be calculated for given free
contact angle.

3.1.2.19 Axial clearance
The axial clearance Pa is shown for angular contact bearings, four-point bearings,

cylindrical roller bearings and all axial bearings. The axial clearance is the
difference between the possible axial displacement in positive and negative
direction for-four point bearings and cylindrical roller bearings.

For single row angular contact bearings or tapered roller bearings, it is the axial
distance between inner and outer ring when the bearing rings are moved together
with a very small axial load. So in this case, the clearance is between center and
one direction and for double row angular contact bearings, four-point bearings and
cylindrical roller bearings, it is the maximum distance between left and right
movement.
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For cylindrical roller bearings, a value larger than zero should be entered for the
axial clearance, since the bearing usually has axial clearance. If the calculation is
done with clearance zero, you will get some axial loads on the rollers if there is a
tilting angle of the bearing. This should be the case for alocating cylindrical roller
bearing, but not for a non-locating bearing. So the correct clearance should be
entered in both cases.

‘ﬁ Calculation of axial clearance Pa

Pretension force Fp M

Unmounted pretension force Fpu M

Effective pretension force  FpEff M
Cancel

A pretension can be entered by using a negative value for the axial clearance Pa. A

O 0 ® x

=-button allows the input of diametral clearance instead of axial clearance. For
angular contact bearings or tapered roller bearings, the axial clearance can also be
calculated for a given pretension force.

For roller bearings, the calculation of axial clearance from pretension force does
not yet take into account the extended pressure calculation or changes of profiles.

Dependent on the bearing type, several options for the pretension force are
available. The calculation with “Fp” is using nominal dimensions for the bearings,
the calculation using “Fpu” is using nominal dimensions together with a radial
elastic expansion without limit; this option can be used for the case of loading an
unmounted bearing axially during manufacturing. The effective pretension force
“FpEff” is calculated using the dimensions after fitting.

3.1.2.20 Bearing tolerance

The bearing tolerance can be considered according ISO 492 (PO...P2). If selecting
‘Not considered’, the interference fit is not considered for operating clearance, in
this case only temperature will affect the operating clearance, but centrifugal
forces are not considered.

If selecting ‘Nominal dimensions’, the tolerances of the bearing are considered
zero. Then the interference fit can be defined with the inputs for the shaft only.

Selecting ‘User input’ allows the definition of custom tolerances.

If no tolerance range should be considered, the selection 'Define interference'is
useful. Then the interference between shaft/inner ring and between
housing/outer ring can be defined directly. No reduction because of surface
roughness is considered in this case.
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3.1.2.21 Fit to shaft/housing

The fit between inner ring and shaft can be defined as a tolerance according (I1SO
286-1, 2010). For example, it can be specified as ‘k6’. The same is possible for the
fit between outer ring and housing.

A numerical value can be specified directly using the “F-button next to the input
field. Selecting “own input” allows the input of arbitrary tolerances:

e =

@ Telerances for shaft
Own input for shaft tolerances
Upper allowance for shaft tolShaft_e 0.04 mm
Lower allowance for shaft tolshaft_ 0.004 mm
| ok || cancel

3.1.2.22 Shaft inner diameter/Housing outer diameter

The inner diameter of the shaft can be specified for a hollow shaft. This has an
effect on the interference fit.

For the housing, the outer diameter can be specified. If zero is entered, a value of
2-D will be used in the calculation.

3.1.2.23 Surface roughness shaft and housing

The surface roughness of the shaft and the housing is only used for the calculation
of the interference fit. The effective interference of the partsis reduced by 0.4-Rz
according (DIN 7190-1, 2017). In previous versions, a reduction of 0.8-Rz was used as
in the previous version of the standard.

The surface roughness of shaft and housing is only used for the calculation of the
interference fit.

3.1.3  Bearing configuration

A group of bearings can be considered in the calculation. The bearings are assumed
to be connected to a rigid shaft and housing. The loads or displacements are given
for the origin of the bearing group instead for each single bearing.

A relative position can be entered for each bearing. An axial offset allows the
definition of pretension in the system. The offset is an additional movement of
the outer ring of a bearing. The displacements, forces and moments under loading
are applied at the reference position 0. So in most cases, the positions should be
chosen symmetrically around zero.
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For bearings with a contact angle, the position of the cone center can be specified.
In the picture, an O-configuration (or back-to-back configuration) is defined.

-
- —g—— E@g

F —— e e
{11 MESYS Rolling Bearing Calculation - MESYSAG . .

File Calculation Report Graphics Extras  Help
o L -
oH EEa

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

Consider group of bearings

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

1 -10 0 left

2 10 0 right

(] (=] (8]

Result overview =

Additional bearings can be added using the =iP-button. A row can be deleted using
the == - and the #-button clears all inputs.

The possibility of bearings groups allows the calculation of 8-point ball bearings as
two rows of four-point bearings; it allows sets of angular contact bearings, paired
taper rollers or sets of cylindrical roller bearings which could be used in a planetary
gear.

With the context menu (right mouse button) in the table, several results values
can be shown in the table. This allows seeing quickly how load or life is distributed
among the bearing rows.

3.14 Lubrication

The lubrication has an effect on the modified life rating. A large oil film thickness
prevents direct contact between rolling element and races and therefore can
increase the life.

Some lubricants can directly be selected from the list. Mineral oils and PAG-based
synthetic oils are provided. For other types of oil, ‘own input’ can be selected.
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Lubrication
150 VG 220 mineral oil * | | Qil lubrication with on-ine filter ISO4406 -(17/14 || .ﬂ
Viscosity at 40°C nu4d | 220 mm?s Temperature Tl |70 =C
Viscosity at 1005C nuiod |19 mmifs Ol density p 330 kg/m?
contains effective EP additives Pressure viscosity coefficent a 0.0174442 1MPa

3.1.4.1 Contamination factor

The contamination factor is used for the calculation of life modification factor
350 Itis considering the cleanness of the lubricant and can be calculated with the

viscosity ratio, the bearing size and a selection of oil cleanness according ISO 4406.
The selection according ISO 4406 defines how many particles of certain size may
exist.

Also an own input of the contamination factor can be selected and the factor can

be entered using the “P-button. The contamination factor is in the range from 0.1
to 1and guide values can be selected according (1SO 281, 2007):

€c

Dpw <100mm Dpw >100mm

Contamination level

Extreme cleanliness
Particle size of order of lubricant film thickness, 1 1
laboratory conditions

High cleanliness
Oil filtered through extremely fine filter; 0.8.t0 0.6 0.9t0 0.8
conditions typical for bearings greased for life
and sealed

Normal cleanliness
Oil filtered through fine filter; conditions typical 0.6t0 0.5 0.8t0 0.6
for bearings greased forlife and shielded

Slight contamination 0.5t00.3 0.6t0 0.4

Typical contamination
Conditions typical of bearings without seals; 0.3t0 0.1 0.4t00.2
course filtering; wear particles from surroundings

Severe contamination
Bearing environment heavily contaminated and 0.1to0 0.1to 0
bearing arrangement with inadequate sealing

Very severe contamination 0 0

Note that for small bearings, the values for eC calculated from oil cleanliness can
be much lower than in the table.
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3.1.4.2 Kinematic viscosity
The kinematic viscosity has to be given for two temperatures: Vgpat 40°Cand V100
at 100°C. The actual viscosity at the given temperature will then be interpolated

using these values.

If a single kinematic viscosity at operating temperature is given, it can just be
entered in both inputs and therefore will be used in the calculation.

A high viscosity results in a larger lubricant film, but efficiency will be reduced if it
is too large.

3.1.4.3 Oil temperature

The oil temperature is only used for the calculation of lubricant properties like
operating viscosity. It has no influence on clearance. If the oil temperature is not
selected as input, it will be set to the temperature of the rolling elements as
calculated from the temperatures of the rings dependent on the settings or as
given on page “Loading”.

3.1.4.4 Oil density

The oil density is used for the calculation of dynamic viscosity. If a lubricant from
the listis selected, the density is modified according to the oil temperature
according (Niemann, et al., 2005). If ‘own input’ is selected, the input value is
directly used for the calculation.

3.1.4.5 Pressure viscosity coefficient
The pressure viscosity coefficient a is used for the calculation of lubricant film
thickness. If the film thickness should not be calculated, you can just enter zero.
According to (ISO/TR 1281-2, 2008) the pressure viscosity coefficient a can be

calculated by the kinematic viscosity Vo in cmz/s as

a=01122- (%)0'163

fa =0.0077- 10204

To calculate the reference viscosity vy, a value o using vin

mmz/s and o in mm2/N is used according (Baalmann, 1994).

In the software, the proposal according (AGMA 925, 2003) is used, because
different oil types are considered. The pressure viscosity coefficient is calculated

R PR
as* ~ k M \where ury is the dynamic viscosity at operating temperature. The

factors k and s are given for different lubricant types as shown in the following
table:
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Oil type k s

Mineral oil 0.010471 0.1348
PAO based synthetic non-VI improved oil 0.010326 0.0507
PAG based synthetic 0.0047 0.1572

This formulais used if a lubricant from the list is selected. If ‘own input’ is
selected, either the formula according to (ISO/TR 1281-2, 2008) 11.8 or according to

(AGMA 925, 2003) or a direct input can be selected using the “”-button next to the
input field.

3.1.5 Material

Material properties for rolling element, inner and outer ring, shaft and housing can
be defined. This data is used for the calculation of load distribution and
interference fit between bearing and shaft/housing. Also hardness and surface
roughness can be specified.

Material

Surface hardness inner race 58 HRC Surface Hardness outer race 58 HRC
Core strength inner race Rm 1200 MPa Core strength outer race Rm 1200 MPa
Hardness depth inner race hdi 0 mm Hardness depth outer race hde 0 mm

Surface roughness inner race Rg  0.167008 um E Surface roughness outer race Rg  0.167006 um E
Surface roughness roller Rg 0.16700& um E Material inner race [Sbeel "]
Material outer race [Steel "] Material rolling element [Sbeel "]
Materislshaft  |Steel - | Material housing |Steel -)

3.1.5.1 Surface hardness

The surface hardness is given as Rockwell hardness HRC. If the surface hardness is
smaller than 58 HRC, a reduction in dynamic and static load capacity is taken into
account according (Harris, et al., 2009). This reduction is only considered as long as
the load capacity is calculated by the software. The reduction factor for dynamic
load capacity is:
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B 58

An input value for load capacity is not modified because of the hardness value. If a
modification factor for dynamic load capacity or the permissible stress for static
capacity is defined in material data, a reduction because of hardness is not
considered.

The static safety factor is also affected by a reduced hardness. This is also done
according (Harris, et al., 2009) using the factor fs:

2 2
=1.5(2% =2(Z~
Is (300) (Ball bearings) orfs (300) (roller bearings), with fs=1

For this formula, HV is calculated as HV = (223 * HRC + 14500) / (100 - HRC) according
(Schlecht, 2010).

3.1.5.2 Core strength of inner and outer race

The ultimate strength of the inner and outer ring core and the corresponding
hardness depth are used for a check of case core interface. The actual shear stress
at hardness depth is compared with the shear yield stress ‘Cyield and the shear

fatigue strength T, which are calculated according to (Harris, et al., 2009) from the

input value of ultimate strength:
Tyield = 0.425 - Rm; Ta = 0.6 Tyield

If the material is though hardened, the software can be set to calculate the
hardness depth automatically. Then no warnings will occur, just a larger hardness
depthis calculated on load increase.

3.1.5.3 Surface roughness
The surface roughness Rq is used for the calculation of the specific lubricant film
thickness A. Itis a root mean square roughness Rq or RRMS' According to

(Niemann, et al., 2005), an approximation is given as Rq = 1.25-Ra.

According to (Baalmann, 1994), an estimate for a usual composite roughnessis

_ .10-5. n0.55
given by Rqg=1.2-107 Dpiy . This formula according Baalmann is used when

the sizing button next to the input field is clicked.

3.1.5.4 Material for races, rolling element, shaft and housing

The material of the races, the rolling element, shaft and housing can be selected to
be steel or Si3N4. The list is taken from the database therefore it can be extended
by the user. Also ‘own input’ is available and the material data can be defined

using the “P-button.
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P =

i 11 Material data for inner race
‘foungs modulus innet ring E_i zo7oo00| MPa
Poisson number inner ring nu_i 0.3
Density inner ring tho_i - 7as0 kgjm®
Thermal elongation coeff. inner ring alphaT_i 11.5 105K
Thermal conductivity inner ring Wi 426 i
Static permissible stress inner ring (ball bearing)  pZ0_EBi 0 MPa [
Static permissible stress inner ring (roller bearing) pC0_Ri 0 MPa [
Fatigue strength inner ring (ball bearing) pCu_Bi 0 MPa [
Fatigue strength inner ring (roller bearing) pCu_Ri 0 MPa [
Dynamic load capacity modification Factor inner ving bm*_i 0 |

[ Ok ] [ Cancel ]

For material data, the Young’s modulus, the Poisson number, the density, the
thermal elongation coefficient and the thermal conductivity can be defined. This
datais used to calculate the operating clearance and the load distribution within
the bearing. The thermal conductivity is used to calculate the thermal resistance
for ball bearings according (Nakajima, 1995).

Optionally, a static permissible stress can be defined which is used for the
calculation of static load capacity and static safety factor. The default value is
4000MPa for roller bearings and 4200MPa for ball bearings. For spherical ball
bearings, the permissible stress is multiplied by 4600/4200 for the outer ring
internally by the software.

The fatigue strength is used for the calculation of the fatigue load limit Cu. The
default value is 1500MPa, it can be overwritten by the user.

The dynamic load capacity can be modified dependent on the material selection,
too. The bm*-factor is multiplied to the dynamic load capacity according 1SO 281.
This allows to consider a material influence on dynamicload capacity. A different
value can be used forinner and outer race. The value of bm*-factor for the rolling
elementis only used for the calculation of rolling element set life, it does not
affect the dynamicload capacity of the bearing.

3.1.6 Loading

For each coordinate direction, you can select if a force or a displacement should be
entered. For example, if a calculation of a tapered roller bearing should be done
considering only radial load, the displacement in axial direction can be fixed to
zero and the reaction force in axial direction will be calculated.

A moment load or a rotation (misalighnment) can be entered for two directions
only, because the rotation around the bearing axis is not constrained.
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Use the radio buttons to select the elements you want to enter.

[ MESYS Rolling Bearing Calculation - MESYS AG - O X
File Calculation Report Graphics Extras  Help
el $ES
General Bearing geometry Bearing configuration Material and Lubrication Loading Track roller
Axial load Fx N @ Displacement ux l:l pm O
Radial load Fy I:I N @ Displacement uy l:l mm O
Radial load Fz I:I N @ Displacement uz l:l mm O
Moment My I:I nm () Rotation angle ry l:l mrad @
Moment Mz I:I Nmm O Rotation angle rz l:l mrad (@
Speed inner ring ni I:I rpm Inner ring rotates to load
Speed outer ring ne I:I rpm [] outer ring rotates to load
Temperature inner ring Ti D = Temperature outer ring Te D =

3.1.6.1 Coordinate system

The coordinate system is defined with x as the axial direction. The y-axis points up
to the first rolling element and the angle U is positive around the x-axis or
clockwise in the diagram on the right (looking in the direction of the x-axis). The
angle starts with zero at the first rolling element on the y-axis. Moments are
positive if acting around the corresponding axis.

1 . 5, ,
¢ @
I~ innef race
-
e

. £
i >
| outer raceu
\ ‘.\‘ l\\‘ ...____.... P / ' ..
\ - » .

The load is acting on the inner ring (different for track rollers with elastic outer
ring), so a positive load in y-direction leads to a loading of the rolling elements on
the top as shown in the graphics on the right.

3.1.6.2 Inner ring rotates to load

The resulting life is slightly different if the load distribution on a race is stationary
or rotating. For many bearings, the inner ring rotates relative to the load and the
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outer ring is stationary to the load. This is the case if the innerring is connected to
a rotating shaft and the load is stationary in space.

What is the correct input if only an axial load occurs? In this case, the input doesn’t
matter since the results are the same for both settings if all the rolling elements
have the same loading.

3.1.6.3 Temperature of inner ring

The temperatures of the inner and outer ring are used for the calculation of the
interference fit between shaft and inner ring or between housing and outer ring
only. They affect the operating clearance. Optionally, the temperatures of the
shaft and housing can be entered, too, to consider a temperature gradient, see
Consider temperature gradient in fits| 2.

The temperature of the rolling element is assumed to be the maximum value of
the ring temperatures as default. This can be changed under settings and a manual
input of the rolling element temperature is available optionally, too.

3.1.7 Load spectrum

If at the tab-page ‘General’ the flag for the calculation with load spectrum is set,
instead of for a single load case, the calculation will be done for a load spectrum.
The load or displacement, the rotation speed and the temperatures can be
specified for each element.

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

Frequency Fx[M] Fy[N] Fz[N] ry[°] rz[°] milrpm] nelrpm] T_i[°C] T_e[°C] TQil[*C]
105 15000 10000 O 0 0 1500 0 60 50 70

203 10000 8500 O 05 0 1000 0 65 60 70

302 12500 500 7000 O 0 350 0 60 50

v enter Fx

v | enter Fy

v enterFz
enter My

enter Mz

inner Ring rotates to load [] outer ring rotates to load Results for Mo 1 |5 @ E] @ E] E

Using the context menu that opens clicking the right mouse button, you can select
which forces or moments should be used as input values. If a value is not selected,
the corresponding displacement/rotation can be entered.
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Rows can be added using the =P-button or a selected row can be deleted using the
=P-button. The #-button clears all the inputs.

Using the = -button, the load spectrum is read from a file. The columns that are
currently shown with its units have to be used for the input file. As the data from
the file is added to the inputs, you must clear the inputs first to define a full load
spectrum. Likewise, a created load spectrum table can be exported with the
corresponding | =*-button.

As for the single load case, a selection is available if the ring is rotating relative to
the load or not. A ring not rotating to the load would be on the safe side.

The load distribution is calculated for each load case. The resulting life for the
whole load spectrum is shown as result and the minimum static safety of all
elements. The result graphics are only shown for the element of the load spectrum
that is chosen as results on this page.

3.1.8 Track rollers

Elastic deformations of the outer ring can be optionally enabled. This is an
extension to the base bearing software.

The outer ring of the bearing is modeled by a Timoshenko beam element. So
bending, axial deformations and shear deformations are considered. The shear
correction factor is fixed to 1. The calculation should only be used if the
approximation as beam seems to be appropriate. The beam does not consider
deformations within the cross section for example in axial direction for multi row
bearings.
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-
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File Calculation Report Graphics Extras  Help
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| General I Bearing geometry I Bearing configuration I Material and Lubrication | Loading Track roller

consider elastic outer ring [ manually enter geometry data
Axial [mm] Radial [mm] Radius [mm] Second momentum axial drection Iaa  6.08937 mm-*
1.0 a5 0 Second momentum radial direction Irr 26,4145 mm*
i il 4
225 a5 0 Second momentum tangent direction It 32,5039 mm
Second momentum axialfradial Iar 0 mm*
3 25 6.95 0
Center of gravity, axial sa 0 mm
4 1.063 6.95 Q S —
Center of gravity, radial 5T 828302 mm
50 7401 -165 Cross section A 12,109 mm?

geometry is symmetric E] E [z]

Consider shear deformations
Calculate standard values (Cw, COw, ...)
[T calculate Cw using L10r=1

[Calculate C0Ow, Cuw using standard siresses, ignoring edge stresses

Permissible static bending stress Ouzp 600 MPa
Permizsible dynamic bending stress Oz 300 MPa
Mean stress influence L

| |Result overview =
. S -

Basic reference rating life L10r 25,5085 Modified reference rating life Lnmrk 298,177 h  Basicreference rD
Maximal pressure pmax 3558, 18 MPa Static safety factor SF 1,64739 Extension contac ™

< | m | 3

Track raller geometry =

3.1.8.1 Supported bearing types

The calculation with elastic outer ring is only available for several bearing types.
The calculation is possible for:

e Deep groove ball bearing
e Radial angular contact bearing
o Double row radial angular contact bearing

e Radial four-point ball bearing
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e Radial cylindrical roller bearing
e Double row cylindrical roller bearings
e Double row tapered roller bearings

Multi-row bearings can be considered using the “bearing configuration”.

3.1.8.2 Track roller geometry

The track roller geometry can be defined using several points. The contour starts at
axial position zero on the outside of the bearing and is then defined in clockwise
direction.

A radius can be defined in the third column. An arc from the last point to the new
point will be generated. For a convex contour, use a positive value, for a concave
contour, use a negative value. A clockwise arc has a positive radius, a
counterclockwise arc a negative radius.

Either a full geometry is defined back to the start point or only half the geometry is
defined for a symmetric outer ring. In the graphic for the symmetric track roller
geometry, the mirrored partis shown in grey.

3.1.8.3 Symmetric geometry

A symmetric geometry starts at axial position zero on the outside diameter and
ends on axial position zero on the inner diameter.

An unsymmetrical geometry should end with its start point.

3.1.8.4 Consider shear deformations

As default shear deformations in the elastic outer ring should be considered. Since
other software and old literature, see (Paland, 1968), is only considering
deformations because of bending, the influence of shear deformations can be
ignored by clearing this setting. The effective load capacities will be higher
because the deformation of the outer ring is reduced.

3.1.8.5 Calculate standard values

Some standard values for track rollers can be calculated automatically using a pure
radial load at axial position zero.

Because of elastic deformations of the outer ring, track rollers show a different
load distribution than rigid bearings. This leads to a decrease of life which is taken
into account be giving reduced effective load capacities in bearing catalogs.
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The effective dynamic load capacity CW is given in bearing catalogs for track rollers.
There are two options to calculate this value. See option ‘Calculate CW using L10r =

1’ below. Also for effective static load capacity, there are two options. See section
‘Calculation options for COW and Cuw' below.

The load capacities are calculated using a radial load on the angle of zero, soitis
acting directly on a rolling element.

The static and dynamic permissible radial loads are the loads were the permissible
bending stress is reached. See below. The permissible static and dynamicloads are
calculated using a radial load which is acting between two rolling elements. This is
the critical case.

If a bearing configuration is used, effective load capacities and permissible radial
loads are calculated for the whole bearing.
3.1.8.6 Calculate Cw using L10r =1

As the dynamicload capacity is defined in (1SO 281, 2007), a radial bearing loaded
with Fr =Cshould have alife L10 =1(One million load cycles). This definition is

used for the definition of the effective dynamicload capacity if the option
‘Calculate Cw using L10r =1’ is set. The software iterates for a radial load which

leads to LlOr =1and thisis shown as effective dynamic load capacity CW.

For bearings with a small number of rolling elements the life L1Or =1isnot
reached for the rigid bearing loaded with Fr =C. The reason is that (ISO 281, 2007)

assumes a load zone of 180° which cannot be reached if only six rolling elements
are used for example. Therefore, a different definition for CW is available if the

option is not set. In this case, CW is defined to the radial load which leads to the

same life as arigid bearing with Fr= C.

This option will only have an influence for a small number of rolling elements. If
the option is not set, Cw will lead to the same life for the elastic bearing as C for

the rigid bearing.
3.1.8.7 Calculation options for COw and Cuw
Several options for the calculation of effective static load capacity are available:
Calculate COw, Cuw using standard stresses
If the option ‘Calculate COw' Cuw using standard stresses’ is set, the effective

static load capacity COw is defined as the radial load which leads to Pmax =4200
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MPa (or 4000 MPa for roller bearings). The effective fatigue limit is defined
similar, but with a stress of 1500 MPa in this case.

Calculate COw, Cuw using standard stresses, ignoring edge stress

For roller bearings edge stresses can occur on high loading leading to different
results than usually found in bearing catalogues. Therefore, a second option
exists for the calculation of effective static load capacity COw'

If this option is selected, the stress in the center of the roller is compared with
the permissible stress as above. So edge stresses are not taken into account.

For ball bearings, this option does not affect the results, it only makes a
difference for roller bearings.

Calculate COw, Cuw using roller load

If the option is set, COw is defined as the radial load which leads to the same
maximum roller load than a rigid bearing loaded with Fr = CO' Also for the

calculation of Cuw' the comparison of roller loading instead of stress is made.

If this option is selected, the resulting COW has the same meaning than C0 for

the rigid bearing. It can be useful if own input is used for the static load
capacity.

3.1.8.8 Permissible static bending stress

The permissible static bending stress is used to calculate the permissible static
radial load and a safety factor for the bending stresses in the outer ring. The stress
is calculated as maximal value of bending stress plus tension in the outer ring.

Omax = Opmax + Ft/A

If not defined manually, the software automatically selects the point of input
geometry which leads to the highest stress. Only points in the geometry list are
considered, no intermediate values. This could make a difference for convex radii.

3.1.8.9 Permissible dynamic bending stress

The permissible dynamic bending stress is used to calculate the permissible
dynamic radial load and a safety factor for the bending stress amplitude. The stress
is considered at the point where the maximal stress occurs.

Omax = Opmax + Ft/A

Omin = Opmin T Ft/A
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Om = (Omax + Omin)/2
0a = (Fmax — Tmin)/2

The input value is a permissible alternating stress with is reduced by the mean
stress influence coefficient Y. The safety factor is calculated as

Oppperm — Yoy
den ==

Ja

The permissible dynamic radial load is calculated so that a safety factor of 1is
reached.

3.1.8.10 Mean stress influence

The mean stress influence is considering the mean stress for calculating
permissible amplitude of bending stress.

The mean stress influence coefficient can be calculated as

¥ = ovpperm/(2* Rm —~ Obpperm) using the definition according DIN 743.

3.1.8.11 Axial position for the load
If an asymmetric geometry is defined, an axial position for the load can be

defined. Itis used for the calculation of standard values like Cw, COw ...

For symmetric geometry, the load is applied at position zero.

3.1.8.12 Manually enter geometry data

Itis not mandatory to enter the cross section using point data. Also cross section
data can be introduced directly after calculating them by a CAD system for
example.

If the cross section data is entered manually, also the critical point for calculating
bending stresses has to be defined manually. Unfortunately, this point is load-
dependent. If you just have a radial load on a symmetric cross section, thisis not a
problem, but you have to be careful in other cases.

3.1.8.13 Second momentums

The second momentums are given on polar coordinates for the cross section. They
are given relative for the center of gravity, not for the origin of the coordinate
system.

The second momentum in axial direction Iaa and in radial direction Irr are usually

available. For the tangent direction, the torsional moment should be given, but
since this is not usually known the polar moment |tt = Iaa + |rr can be used as
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replacement. This is only exact for a circular cross section, but the torsion load is
not the main loading to the outer ring, so it could be acceptable.

The deviatory momentum is defined as lor = +f[a-r dA. Depending on the
literature, also definitions with a negative sign are usual. The deviatory
momentum is zero for symmetric cross sections.

3.1.8.14 Center of gravity

The center of gravity is defined using its axial and radial coordinate. For symmetric
cross sections, the axial position is zero.

3.1.8.15 Cross section

The cross section of the outer ring has to be entered here. Since the calculation is
considering tension and shear deformations, it has an influence on the load
distribution.

3.1.8.16 Critical point

The critical point for the calculation of bending stress has to be entered if the
geometry datais entered manually. The bending stress is calculated using this
point.

Be sure to enter the correct value for the given load conditions. The critical pointis
marked with a red circle in the graphics of track roller geometry.

3.1.8.17 Track roller loading

In the case of elastic outer ring, the input of loading is changed. Instead of the load
onto the innerring, the load on the outer ring can be defined on several points. It
is not possible to define displacements or rotations directly.

An angle, axial and radial positions define the point where the load is acting. The
load can be defined in axial, radial and tangential direction. Since the overall
torque has to be zero, an input of tangential load can only be used if several loads
are defined.

The coordinate system is a standard cylindrical coordinate system with r-direction
pointing to the outside. Therefore, Fr should usually be entered as negative value
for pressure.

The axial position can be used if you assume that the radial load is not centric. An
eccentrical load leads to torsion of the outer ring.

The first rolling element on the y-axis is at an angle of zero. The results will be
different if the load is applied on the position of a rolling element or between
them. Both cases should be considered in doubt.
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(T MESYS Rolling Bearing Calculation - MESYS AG E=EE
File Calculation Report Graphics Extras  Help
> B -
G A
| General | Bearing geometry | Bearing configuration I Material and Lubrication | Loading Track roller
Angle [7] Ax. position [mm] Radius [mm] Fr[MN] Ft[N] Fa[N]
10 0 10 -1000 0 0
Speed inner ring ni 0 rpm Inner ring rotates to load
Speed outer ring ne 0 rpm [ | Quter ring rotates to load
Temperature of shaft Ti 20 °C  Temperature of housing Te 20 C |
Result overview & |
Reference rating life L10r 763106 Basic reference rating life Liorh 0 h
Maodified reference rating life Lnmr  0.763108 Maodified reference rating life Lnmrh 0 h
Maximal pressure pmax  4380.23 MPa Static safety factor SF 0.881572
Extension contact ellipsis inner ring dCimax 9, 18532 mm Extension contact ellipsis outer ring dCem 14,15 mm
Viscosity ratio W 0 Ellipsis length ratio inner race elR_i 1.26251
Ellipsis length ratio outer race elR_e 1.47954 Contamination factor eC 0
| Change of dearance APd 0 mm Effective dynamic load capacity Cw  1939.84 N
Effective static load capacity COw 884.158 M Effective fatigue load limit Cuw 43.2 N

3.1.8.17.1 Load spectra for track rollers

If load spectra are used for track rollers, as a first step, the location of forces has to
be defined in the loading page without activating load spectra. If the load spectra
are activated afterwards, a column for each force is available as input.
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General Bearing geometry Bearing configuration Material and Lubrication | Loading Track roller

Frequency ni[rpm] ne [rpm] | T_i [°C] T_e [°C] T_r [*C] TOil [°C] Fr_1 [N] Ft_1[N] Fa_1[N]
106 0 500 20 20 20 70 0 0
204 0 200 20 20 20 70 -500 0 0
q [ [»
+ | inner Ring rotates to load Quter ring rotates to load Results for No | 1|3 |¥ |: |? |T |T

3.2 Thermal permissible speed

The thermal reference speed according (I1SO 15312, 2003) and the thermal
permissible speed according (DIN 732, 2010) are calculated by the software. The
calculation can be run separately under menu ‘Calculation’->'Thermal permissible
speed’.

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

IE) Thermal permissible speed >
Thermal reference speed

Factor for load independent losses for ]
Factor for load dependent losses fir |0.0002 U]
Surface for heat transfer Ar |10225.9 mm? ]

Thermal transmission coeffident kg wim2K []

Thermal permissible speed

Method DIM 732 o
Factor for load independent losses f ]
Factor for load dependent losses fi |3 15868e-05 ]

Assume fixed temperature for lubricant

Temperature difference between bearing and surroundings Ad o
Temperature difference of oil flow A0l ICI o
Qil volume flow Vail ICI | fmin
Thermal reference speed ntr rpm
Thermal permissible speed nt rpm
Caloulate Report Close

Most of the parameters can be overwritten by the user. Note that the calculation is
just according to the standard. The equivalent load is calculated by axial and radial
load, moment load is not considered. Also clearance is not considered.

For the thermal permissible speed in addition to DIN 732, the friction forces can be
derived from ISO 14179-2. The ISO standard provides different factors for grease
and oil lubrication. As default the lubricant temperature as defined in the main
window is used. Clearing the option "Assume fixed temperature for lubricant"
uses the bearing temperature for the oil viscosity. The bearing temperature is the
temperature of bearing surroundings plus temperature increase for the bearing.

If a bearing geometry is not considered in the standard, the input values for fOr, f1r
and f1 can be entered by the user and the calculation can be run.

The results for thermal reference speed and for thermal permissible speed are
also shown in the main report.

3.3 Load rating diagram
I ————————

A load rating diagram can be configured at menu ‘Calculation’->'Load rating
diagram’. It allow us to show four possible line charts, where the variables of the
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XY axes are compared against each other (Mz-Fx, Fx-Mz, Fy-Fx, Fx-Fy) while
maintaining constant four types of values predefined by the user (see the picture).
These diagrams are often used for slewing rings.

i B
la Define load rating diagram ﬂ
Paints per line 15
Tolerance 0.1 %

@ Calculate moment load Mz over axial load Fx
(") Calculate axial load Fx over moment load Mz
71 Calculate radial load Fy over axial load Fx

() Calculate axial load Fx over radial load Fy

Type Value
(=)
(%]

1 Static safety factor (5F) [-] 1
2 Maximal pressure (pmax) [MPa] 3000

3 Basic reference rating life (L10r) [-] 0.3

4 | Basic reference rating life (L10rh) [Rh] | 50000

Static safety factor (SF) [-]
Maximal pressure (prmazx) [MPa]

Basic reference rating life (L10r) [-]
Basic reference rating life (L10rh] [h]

l Graphics H Close ]

In the following picture it is shown a graphic example of the load rating diagram by
which tilting moment (Mz) is compared against axial load (Fx) for a safety factor of
1, maximal pressure of 3000 MPa, 300.000 cycles and 50000 h.

Load rating diagram E

Load rating diagram
—SF=1

L LU=l

=——pmax=3000 MPa

Maoment load Mz [Nm)
=
(¥,
=
=
=
1

50000 1+
100000 -
150000 1
250000 1
300000 1
350000 T
400000 T
450000 1
500000 1
550000 T
500000 T
650000 1

Axial load Fx [M]
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3.4

34.1

MESYS Calculation Software

For each axial load, the tilting moment is increased until the selected criteria are
reached. The number of points used for one line and a tolerance for the calculation
can be defined.

Results
]

Results are provided as a small result overview directly in the software, a main PDF
text report, a tolerance report and separate graphic windows. Graphic windows
can be docked onto the main program interface and are automatically updated on
each calculation.

-
[ MESYS Rolling Bearing Calculation =
File Calculation Report Graphics Help
> A
SH AEE
; Contact stress g X
i i icati Loading
General I Bearing geometry | Material and Lubrication | g | Load spectrum Contact stress
Axial load Fx 2000 N @ Displacement ux  0.0272576 mm O 1800 Touter race
= ' - —inner race
—— _ ———1 - — 1600
Radial load Fy 10000 N @ Displacement uy  0.0222318  mm ) @ 1400
=
Radial load Fz 0 N @ Displacement ur 0 mm ) i 1200
£ 1000
Moment My 0 Nm ()  Rotation angle ry 0 mrad @ ‘E 300
i
= " . £ 600
Moment Mz  -56,2526 Mm () Rotation angle rz 0 mrad @) 5
—_— S 400
I Speed inner ring ni o 1700| rpm [¥] Inner ring rotates to load 200
[ T =T R )
Speed outer ring ne 0 rpm [] Quter ring rotates to load
Axial position [mm]
Subsurface stress [
Subsurface stress
-6.8388%e-017 T —stress, i/ G
i 0,05 T -thardndis dep¥y, inner race
-0.1 T ifatigue gtrengthyinner race
—_ -0,15 F-=reirese, Juter ra
E -0.2 77 -hardness depti; outer race
= -0.25 T ~fatigue stre ; outer race
I B 0371
& 0.35 T
Life L1 786.237 Life Lok 770821 h T
| Modified life Lnmr  1719.95 Modified life Lnmrh 168623 h 05T
cocoocoo oo
PrEEp— & aname | SERRERIRB
| Maximum pressure pmax 1855.26 MPa Static safety 50 9.40105
maximal shear stress [MPa]

Result Overview

6

The result overview shows the reference life L10r in 10~ rotations and the

reference life LlOrh in hours. The modified reference life anrconsidering
reliability and lubrication is also shown in 106 rotations and in hours.

The maximum pressure and the static safety provide information about the
maximum loading.
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[ Settings for Result Overview x
Average contact angle inner ra.. 4 Basic reference rating life [L10r]  ~
Average contact angle cuter ra... Basic reference rating life [L10rh]

Aial Stiffness [owo] Maodified reference rating life [...
Axial ball excursion [Ab_ax] Modified reference rating life [... Izl
Basic life [L10] Maximal pressure [pmax]

Basic life [L10h] Static safety factor [SF]

Basic life [LS_L10H] Basic reference rating life [L5_L...

Basic reference rating life [L5_L...
Basic reference rating life, rollin...

Madified reference rating life [...
Mazxirnal pressure [L5_pmax]

Change of clearance [APd] Static safety factor [LS_SF]

ajd

Circumferential ball advance [A... Equivalent reference load [L5_P...
Contamination factor [eC] Reference load [Pref]

Critical escillation angle [Scrit] Dynamic load capacity, system ...
Damage frequency for inner ra... Static load capacity, system [CO...
Damage frequency for outer ra... Ellipse length ratio inner race [..

Damage frequency for rolling e... Ellipse length ratio cuter race [...

Depth for maximal shear stress .. Extension contact ellipse inner ...

W

Lok | e

The result overview can be customized using “Extras->Result overview”. The items
shown in the overview can be selected and additional items can be added using
the SF-button or the context menu with the right mouse button. Note that only
values are actually shown in the result overview that are valid. So you will see
fewer values than selected in the settings.

The settings for the result overview are saved in the windows user profile, notin
the calculation file. So they will be the same for different calculations.

3.4.2  Main Result Report

The text report is provided in PDF format. An example report is available as
separate document. The results are provided in sections ‘Bearing inner geometry’,
‘Forces and displacement’, ‘Life’, ‘Subsurface stresses’ and ‘Damage frequencies’.
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& Report options >

Flease select the contents faor the report:

Graphic: Load distribution Graphic: Load distribution 2D

Graphic: Contact stress Graphic: Contact angle

Graphic: Spin to roll ratio [] Graphic: Ball advance

Graphic: Wear Parameter PVmax Graphic: Wear Parameter QV

[] Graphic: Thermal conductance

Graphic: Rolling element load Graphic: Roller profile

Graphic: Subsurface stress [] Graphic: Displacement over load

[] Graphic: Rotation over load [] Graphic: Life over load

] Graphic: Load rating diagram Graphic: Track roller geometry

Graphic: Track roller bending moment Graphic: Track roller bending stress

Graphic: Track roller forces Graphic: Track roller displacement

Incude subsurface stresses Include damage frequendies

Indude wear parameters Indude rolling element load tables

Indude data far inner geometry Indude basic life L10

Indude thermal permissible speed Indude tolerance table

Indude prabable tolerances in tolerance table Indude load spectrum details

Indude legend for tables Incude section results in result tables

Calculate stiffness matrix for load spectra

[] Color in 30 view based on contact stress Contact stress for scaling 4000 MPa
Cancel

In the menu "Report->Options", the contents of the report can be configured. The
graphics to be included can be selected and some sections of the report could be

discarded if not of interest. The legend for all the table parameters can be shown
in the report.

3.4.2.1 Saving main report

The main report can be saved using the menu “Report->Save Report As” in
different formats. It can be saved as PDF, DOC, DOCX or ODT (Open Office) format.

3.4.2.2 Customizing report logo

As default, a MESYS logo is shown on top of the report. This can be customized by
defining alogo in the “mesys.ini” file. The logo should be created using a size, so
that it fits into the header table. The DPI setting in the logo is considered, so that a
high-resolution image could also be used. Additionally, it also exists the possibility
to create an own template of the supported file formats (DOC, DOCX and ODT) and
generate the report from it, thus having the chance to customize the logo.
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3.43 Tolerances Report

In the menu "Report->Tolerance" report a special report for tolerances can be
generated. While the tolerances for the selected calculation case are included in
the main report, the additional report shows tolerances and pressure for
maximum, medium and minimum clearance. If selected under options, the
minimum probable and maximum probable clearances are included too.

3.44  Custom Report Templates

Custom report templates can be added in subdirectory “templates/rbc”. Reports
based on these templates can be generated by selecting the report template
under "Report->Report templates".

The report templates are word files with DOCVARIABLE fields. These fields are
filled on generation of the report.

Possible fields are:

e DOCVARIABLE VAR name [unit]: the variable with the name ‘name’ is
printed. Optionally, a unit can be provided in brackets, for example
[mm]. Additionally, a format could be added like %6.3g or %6.3f, where
‘t” always generates a fixed point output and ‘g’ generates an
exponential output for large numbers.

e DOCVARIABLE VARU name [unit]: the variable with the name ‘name’
plus the unit are printed. Optionally a unit can be provided in brackets,
for example [mml].

e DOCVARIABLE TABLE tablename: A table is inserted.

e DOCVARIABLE GRAPHIC graphicName width=130 height=70: A graphicis
inserted. Optionally, height and width can be given in millimeters.

Regarding details for variable names, table names and graphic names, please ask
support@mesys.ch for additional documentation.

3.4.5 Result Graphics

Several results can be shown as graphics. All graphics are also appended to the
report, so that a full documentation is provided in one document.
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Using the context menu (right mouse button) in a graphics window, the graphic can
be exported as file or be printed. For diagrams, "Diagram options" allow to adjust
units and range of axes.

3.4.5.1 Bearing configuration

The bearing configuration shows the bearing rows and their position. It is mainly
used together with the bearing configuration. The bearing inner and outer
diameter have to be defined for generating this image.

Bearing configuration n

QN
o

r

3.4.5.2 Load distribution

Here the contact stress of an angular contact bearing with radial and axial load and
relatively high speed is shown. The contact stress is larger on the inner race (red)
in the load zone but slightly larger on the outer race on the opposite side because
of centrifugal loads.

Load Distributicn n

P

@ _C

= outer race

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

3.4.5.3 Load distribution 2D

The 2D load distribution shows the pressure distribution on inner and outer race as
color strip. The maximum stress for the scale can be defined under report options.
The graphicis available for a single load case and for the whole load spectrum.

This diagram also gives an impression of contact angle variation.

Load distribution 20 n

Load distribution 2D
o= ‘ 4000 MPa

3000 MPa

2000 MPa

1000 MPa

inner ©

0 MPa

360 l

3.4.5.4 Load distribution 3D

This diagram shows the load distribution on a 3D visualization of the bearing. The
stress level is indicated by the color of the rolling element and the contact ellipse.
The visualization can be accurately rendered in any perspective.
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The 3D views can be rotated with the left mouse button. Panning is activated by
pressing “Shift”, zooming by pressing “Ctrl”.

Load distribution

SRR I T

3.4.5.5 Contact angle

The contact angle is shown for an angular contact bearing with nominal contact
angle of 20°. In the load zone the contact angles of inner and outer race are almost
equal, but there is a big difference opposite to the load zone because of the
centrifugal load.

Contact angle =
Contact angle
50_: """"""""""""""""""""""""""""" ——~ovuter raos -
=inner race
a5+t ===Limit {inner)
- - Limit {outee}.
L e S R S R .__::;;::::......
N 35T
= 307
c
o
w257
3
5 207
(]
157
S0 S T S S oo s
T T e A e T B B s niaias it ST ST R A LN o
[} L [ = (] L = = il L == ] (] L
— — — — (W] [ (%] o (] (L] (]
Fosition of ball ]

The extension of the contact ellipsis is shown with the dotted lines, so we have a
wide contact ellipsis at 0° and a smaller one at 180°. The contact angle
corresponding to the shoulderis shown as dashed straight line at the top, so the
shoulder is high enough in this case.
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3.4.5.6 Spin to roll ratio

The spin to roll ratio can be shown also. The calculation assumes ‘outer race
control’ if either relative speed or friction coefficient is zero so there is no
spinning at the outer race and all the spin occurs at inner race.

If speed and friction coefficient are not zero, spinning and rolling speed are
calculated considering Coulomb friction.

- - E
Spin te roll ratio =

Spin to roll ratio

—outer race
===inner race

Spin ko roll ratic []

25
50
75
100
125
150
175
20017
225
250
275
300
325
350

Position of ball []

3.4.5.7 Circumferential ball advance

The circumferential ball advance is shown as graphics. It is calculated based on the
assumption that the orbit speed of each ball is constant in one section. Because of
variation of contact angles the ball orbit speed varies between the rolling
element. This leads to variations in the distance between the rolling elements.
The ball advance should be smaller than the clearance in the cage pocket in case of
high speed.

3.4.5.8 Wear parameter QV

For ball bearings spinning and rolling speed are calculated in the contact ellipsis.

The wear parameter QV is calculated for each contact zone as

QVZJp-vdA
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Wear Parameter QV |

Wear Parameter QV

Wirear Parameter QW ]

pa - ]
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Position of ball [#]

3.4.5.9 Wear Parameter PVmax

The wear parameter PVmax is the maximum value of the product pressure times
sliding velocity in the contact ellipsis.

Wear ParameterPVmax E
Wear Parameter Pvmax
1401
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E  apd
s L5 H 5t & & & » & & & © &
[ L [ = (] L [ = 4l u = = [} L
— — — — ™l (a1 (3] (3] [} [} (3]
Position of ball [#]

3.4.5.10 Contact stress for roller bearings

The contact stress for roller bearings is shown over the axial position or the length
of the roller. This example is for a cylindrical roller bearing under radial and axial
load and without misalignment between inner and outer race.
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Because of the tilting of rollers under axial load the radial load is not distributed
equally over the length of the roller.

Contact stress E
Contact stress
—outer race
1300 =inner race

1000
300

Cantact stress [MPa]

600

400

200

Axial position [mm]

For axial cylindrical roller bearings and axial spherical roller bearings the roller
orientations is inside to outside, while it is left to right for the other bearing types.

3.4.5.11 Roller profile

The roller profile and the profile of the races can be shown graphically. The profile
can only be user-defined if the extended method for pressure distribution is

activated.
Roller profile E
Roller profile
—Raller profile
0.004
= 0.002 —Cuter race ppefile
E 0
& 002
[=]
5 -0.004
-0,008
-0.008 = m o ol ¢ 92—t ot ow N
Axial position [mm] |
Roller profile c
=—Roller profile
— =Inner race profi§ ||
E
E
o
k=
| &
5=
Axial position [mm]
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3.4.5.12 Subsurface stress

The subsurface shear stress is shown for the contact with the highest surface
pressure. The required hardness depth is shown in the diagram dependent on the
fatigue strength of inner and outer race.

The red curve is for the shear stress of the inner race, the blue curve for the outer

race.
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-0.1 7 ter race
=~hardnesgdepth, outer race
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IE! -0.2
E 0,25
=
=3 0.3
]
-0.35
| 0.4 7 :
0,45 oooiooooosioo ;
-0.5 7
5 & & & & & & =&
= = [ = = ] = =
— (] [a] = [Ty o =~ [on]
maximal shear stress [MPa]

3.4.5.13 Load rating diagram

The load rating diagram shows the permissible range for tilting moment and axial
load for different criteria which can be configured under ‘Calculation’->’Load rating
diagram’.
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3.4.5.14 Track roller geometry

The track roller geometry is shown if defined using point data. For symmetric cross
sections, the mirrored is shown in grey and the critical point for bending is marked

by a red circle.
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Track roller geometry 3

Track roller geometry

.

3.4.5.15 Track roller bending moment

The track roller bending moment is shown using the local coordinate system. Fora
pure radial load on a symmetric cross section, only the Moment around the bearing
axis Ma occurs. The moment Mr is atilting around a radial axis and the moment Mt

is a torsional moment in the beam describing the outer ring.

Track roller bending moment
Track roller bending moment
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E 0
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3.4.5.16 Track roller bending stress

The bending stress and the stress due to tension are shown in the diagram. The
bending is calculated for a critical point either defined manually or automatically

by the software. These stresses are used to calculate a static and dynamic safety
factor for the outerring.

Track roller bending stress =

Track roller bending stress
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Position [#]

3.4.5.17 Track roller forces
The forces in the beam modeling the outer ring are shown. The force Fa isinthe
direction of the bearing axis, therefore it is a shear force in the beam. The force Fr
is a shear force in radial direction and Ft is the tangential force, soitis tension

(positive) or pressure (negative) in the beam.

We can also see that loads are only introduced at 0°, 60° and 300°, so only three
rolling elements are under load.
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Track roller forces

Track roller ring forces
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3.4.5.18 Track roller displacements

The displacements are shown in local coordinates and in global coordinated. The
global coordinates allow seeing quickly that this example makes mainly a rigid
body movement of the outer ring in negative y-direction. In other example,s the
deformations of the ring might be different, so the values in local coordinates are
more important.

H | ]
Track roller displacements 3
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3.4.5.19 Displacement over load

The displacement over load can be shown as graphics. All load components are
multiplied with a load factor and the displacements are shown. Only loads are
multiplied with the load factor, displacements or rotations entered are not
modified.

This diagram can be used as information about stiffness. Dependent on the type of
loading (axial or radial), different stiffness can be calculated.

Displacement over load =

Displacement over load

Displacement [mm]

T T T T T T T
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Loading [%a]

3.4.5.20 Rotation over load

Like in the graphics before, the rotations are shown dependent on a load factor.
This graphic can only be shown if the moment is an input not for the tilting angle as
an input. All loads are multiplied with the load factor.

Rotation over load =

Rotation over load
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3.4.5.21 Life over load

The life over a load factor can be shown as a diagram. All loads and moments are
multiplied by a load factor; all inputs for displacements/rotations stay constant. As
reference the loading is shown on top of the diagram.

Life over load E

Life over load

100%0: Fx = 19, 5kM
200000 3 ===L1i0rh
=Lnmrh

Life [h]

= =) =) =) =) =) =)
& - B b = &l T
= A =

Loading [%%]

=

3.4.5.22 Radial expansion of races

The radial expansion of races is calculated using axisymmetric FEA considering
fitting, temperatures and centrifugal forces. As comparison the radial expansion
according to thick ring geometry as used for the calculation of fitting is shown. The
dashed line shows the default calculation of fitting, the dotted line the calculation
using equivalent cross section. This graphic can be used to check which approach is
suited better for the actual conditions.

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

Radial expansion of races n

R.adial expansion of races

=—Inner race FEA
10,075 T =+ =Inner race (equal-area)
10,05 T = ~Inner race

10,025 T

9.975
9.95 -
9.925

9.9
9.875
9,85
9,825 1

9.3 1
9.775 1
9.75
9.725 T

9.7 %

Diametral expansian [pm]

Position [mm]

3.5 Bibliography

ISO/TR 10657. 1991. Explanatory notes on I1SO 76. s.l. : 1SO, 1991.

ISO/TR 1281-1. 2008. Rolling bearings - Explanatory notes on ISO 281 - Part 1: Basic
dynamic load rating and basic rating life. s.1. : 1SO, 2008.

AGMA 925. 2003. Effect of Lubrication on Gear Surface Distress. 2003.

Baalmann, K. 1994. Gleichung fir die Sollviskositdt nach DIN I1SO 281. Tribologie und
Schmierungstechnik. 1994.

Baly, Hatem. 2005. Reibung fettgeschmierter Wiilzlager. Hannover : Universitat
Hannover, 2005.

Barnsby, Roger. 2003. Life ratings for modern rolling bearings. NewYork : ASME
International, 2003.

Boresi, Arthur P. and Schmidt, Richard J. 2005. Advanced Mechanics of materials.
s.l. : John Wiley&Sons, 2005.

Correns, Martin. 2015. Berechnung der Ermiidungslebensdauer von Walzkorpern.
11. VDI Fachtagung Gleit- und Wilzlagerungen. 2015.

de Mul, J. M., Kalker, J. J. and Fredrikson, B. 1986. The ContactBetween Arbitrary
Curved Bodies of Finite Dimensions. Journal of Tribology. 1986, Vol. 108.

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

DIN 7190-1. 2017. Pressverbéinde - Teil 1: Berechnungsgrundlagen und
Gestaltungsregeln fiir zylindrische Pressverbdnde. 2017.

DIN 732. 2010. Wdlzlager - Thermisch zuldssige Betriebsdrehzahl - Berechnung und
Beiwerte. s.l. : DIN, 2010.

Fujiwara, Hiroki and Yamauchi, Kazuto. 2010. Tolerance Design of Logarithmic
Roller Profiles in Cylindrical Roller Bearings. Journal of Advanced Mechanical
Design, Systems, and Manufacturing. 4, 2010, Vol. 4.

Gohar, Ramsey. 2001. Elastohydrodynamics. London : Imperial College Press, 2001.

Harnoy, Avraham. 2003. Bearing Design in Machinery. New York, Basel : Marcel
Dekker, 2003.

Harris, T., Rumbarger, J. H. and Butterfield, C. P. 2009. Wind Turbine Dsign Guideline
DGO3: Yaw and Pitch Rolling Bearing Life. Golden, Colorado : National Renewable
Energy Laboratory, 2009.

Harris, Tedric A. and Kotzalas, Michael N. 2007. Rolling Bearing Analysis: Advanced
Concepts of Bearing Technology. s.l. : CRC Press, 2007.

Harris, Tedric A. and Kotzalas, Michael N. 2007. Rolling Bearing Analysis: Essential
Concepts of Bearing Technology. CRC Press : s.n., 2007.

Heemskerk, R. 1980. EHD lubrication in rolling bearings, review of theory and
influence on fatigue life. TRIBOLOGIA E LUBRICATIONE. 1980.

Houpert, L. 1999. Bearing Life Calculation in Oscillatory Applications. Tribology
Transactions. 1999, Bd. 42.

ISO 1002. 1983. Rolling Bearings - Airframe bearings - Characteristics, boundary
dimensions, tolerances, static load ratings. 1983.

ISO 15312. 2003. Rolling bearings - Thermal speed rating - Calculation and
coefficients. 2003.

ISO 281. 2007. Rolling bearings - Dynamic load ratings and rating life. 2007.

I1SO 286-1. 2010. /SO code sytem for tolerances of linear sizes - Basis of tolerances,
deviations and fits. 2010.

ISO 5753. 2009. Rolling bearings - Internal clearance - Part 1: Radial internal
clearance for radial bearings . 2009.

ISO 76. 2006. Rolling bearings - Static load ratings. s.l. : I1SO, 2006.

ISO/DIS 20056-1. 2016. Rolling bearings - Load ratings for hybrid bearings will rolling
elements made of ceramic - Part 1: Dynamic load ratings. 2016.

MESYS Calculation Software © 2019 MESYS AG



MESYS Rolling Bearing Calculation

ISO/DIS 20056-2. 2017. Rolling bearings - Load ratings for hybrid bearings will rolling
elements made of ceramic - Part 2: Static load ratings. 2017.

ISO/TR 1281-2. 2008. Rolling bearings - Explanatory notes on ISO 281 - Part 2:
Modified rating life calculation, based on a systems approach to fatigue stresses.
s.l. 1 1S0O, 2008.

ISO/TS 16281. 2008. Rolling Bearings - Methods for calculating the modified
reference rating life for universally loaded bearings. s.l. : ISO, 2008.

Koch, Asmus. 1996. Steigerung der Hochstdrehzahl von Schrigkugellagern bei
Olminimalmengenschmierung. Aachen : Shaker Verlag, 1996.

Nakajima, Katsuhiko. 1995. Thermal Contact Resistance Between Balls and Rings of
a Bearing Under Axial, Radial, and Combined Loads. Journal of Thermophysics and
Hear Transfer. 9, 1995, Bd. 1.

Niemann, G. und Winter, H. 2003. Maschinenelemente Band 2: Getriebe allgemein,
Zahnradgetriebe - Grundlagen, Stirnradgetriebe. Heidelberg : Springer, 2003.

—. 2004. Maschinenelemente Band 3: Schraubrad-, Kegelrad-, Schnecken-, Ketten-,
Riemen-, Reibradgetriebe, Kupplungen, Bremsen, Freiléiufe. Heidelberg : Springer,
2004.

Niemann, G., Winter, H. und Hohn, B.-R. 2005. Maschinenelemente Band 1:
Konstruktion und Berechnung von Verbindungen, Lagern, Wellen. Heidelberg :
Springer, 2005.

Paland, E.-G. 1968. Die Lastverteilung in einem auf der Ebene abgestiitzten
Zylinderrollenlager. Maschinenbautechnik (Schmierungstechnik). 17, 1968, Bd. 8.

Schlecht, Berthold. 2007. Maschinenelemente 1. Miinchen : Pearson Studium, 2007.
—. 2010. Maschinenelemente 2. Miinchen : Pearson Studium, 2010.

Teutsch, Roman and Sauer, Bernd. 2004. An Alternative Slicing Technique to
Consider Pressure Concentrations in Non-Hertzian Line Contacts. Journal of
Tribology. 2004, Vol. 126.

MESYS Ball Screws

MESYS Calculation Software © 2019 MESYS AG



MESYS Ball Screw Calculation



MESYS Ball Screw Calculation

4 MESYS Ball Screw Calculation

This Ball Screw calculation (Version 07/2019) calculates the load distribution and
the reference rating life according to 1ISO/TS 16281 (DIN 26281).

The inner geometry of the ball screws must be provided by the user. The operating
clearance can be specified. The loading can be specified as force/moment or
displacement/rotation independently for each of the five degrees of freedom.
Bearing sets can be defined by using a configuration with multiple rows.

The following results can be found in the report:

e Reference rating life according ISO/TS 16281

Load distribution between rolling elements

Reaction forces/moments and displacements/rotations

Contact pressure for each contact

o Static safety factor

In addition to the report, the results are shown in several graphics. Report and user
interface are both available in metric or US customary units. Supported languages
for user interface and report are English, German, French, Spanish, Korean and
Chinese.

4.1 Input Parameters
I ————————

41.1 General

On the first input page in addition to a project name, several settings can be done.
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i MESYS Ball Screw Calculation - MESYS AG — O =

File Calculation Report Graphics Extras  Help
U=l $HEHe

General Geometry Configuration Loading

m (.’1 SQGS Ball Screw Calculation

1q Consulbing Softwa

Project name | |

Calculation description | |

Settings

[ Use load spectrum Reliability 5 5

[ calculate Coa according ISO 3408-5 Scale factor for stress in 30 view 5

[ caleulate Ca according 150 3408-5 Start angle for first thread Wa l:l °

[ calculate reliability factor according IS0 3408-5 Clearance generation |a)cia| direction A |

[] Enter two contact angles Axial expansion ball screw
Axial expansion nut
Elastic ring expansion is not considered A | c f

Result overview =

4.1.1.1 Project name and calculation description

The project name and the calculation description are just inputs which are shown
in the report header. They can be used to enter information about the purpose of
the calculation for documentation.

4.1.1.2 Use load spectrum

A load spectrum can be used instead of a single load case. This option can be
activated here. For each load case, a full calculation using all factors is made. The
resulting life is calculated using the life of each element (load case). Result
graphics are only shown in the report for the selected result element of the load
spectrum. However, the result graphics corresponding to any element number
(case number) of the load spectrum can be shown under the menu ‘Graphics’-
>’Load spectrum’ (only until 25 elements), as we can see in this picture.

All other graphics available under the menu ‘Graphics’ are only valid for the
selected element.

Additionally, under ‘Graphics’->'Load distribution (Load spectrum)’, all the load
distribution cases are superimposed on the chart at the same time. This is also
possible for the roller graphics.
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Please note that more intermediate results are printed in the reportif a
calculation is done for a single load case.

4.1.1.3 Calculate COa according to ISO 3408-5

If this option is selected, the static load capacity is calculated according to (ISO
3408-5, 2006). In this case, material properties like Youngs modulus have no effect
on the static load capacity.

If the option is not selected the static load capacity is calculated according (1SO
3408-5, 2006), but using f0 according ( ISO/TR 10657, 1991) instead of kO. In this
case, the static load capacity is based on a permissible contact stress of 4200 MPa
as for axial ball bearings according (1SO 76, 2006).

4.1.1.4 Calculate Ca according to ISO 3408-5

If this option is set, the dynamic load capacity is calculated using the exponent 0.86
in equation 8 of (1SO 3408-5, 2006). If the option is not set, the exponent 0.7 is used
asin (1SO 281, 2007), ( ISO/TR 1281-1, 2008) or (Lundberg, et al., 1947).

The load capacity is calculated according

2
Cq=fr(i-cosa)®®® -tana- 2% D% (cos )l

with either an exponent 0.86 or an exponent of 0.7.

4.1.1.5 Calculate reliability factor according to ISO 3408-5

The modification factor for reliability is calculated according to the two parameter
Weibull distribution according (ISO 3408-5, 2006) if this option is set. If the option
is not selected, the three parameter Weibull distribution as in (ISO 281, 2007),
(1SO/TR 1281-1, 2008) is used.

4.1.1.6 Enter two contact angles

Either one or two contact angles can be defined. Different contact angles can be
used for screw and nut. The contact angle is defined by radial contact of the ball to
either screw or nut.

4.1.1.7 Reliability S

As default, the bearing life is calculated for a reliability of 90%. The required
reliability can be changed here with limits 90% and <100%. The life modification
factor for reliability 'fac'is calculated according to this input using either the three
parameter Weibull relationship as given as formula in (ISO/TR 1281-2, 2008) or the
two parameter Weibull relationship used in (1SO 3408-5, 2006).
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4.1.1.8 Scale factor for stress in 3D view s

The stress distribution is scaled to s*Dw for a contact stress of 4000MPa in the 3D
view.

4.1.1.9 Start angle for first thread W0

The start angle defines the angular position of the left end of the first thread. With
an angle of 0°, the start is on the y-axis.

4.1.1.10 Clearance generation

The nominal contact angle, ball diameter and radii of races are used to define the
positions for centers of curvature in the case of zero clearance.

There are four possibilities to define clearance:

1. Centers of curvature are moved axially. This is only possible for gothic
profiles with contact angle larger zero. The maximum clearance that can be
achieved is limited.

2. Centers of curvature are moved radially.

3. Centers of curvature are moved in direction of contact angle. This cannot
be used in case of contact angle zero.

4. Clearance is generated by reduction of ball diameter. This slightly reduces
load capacities as the reduced ball diameter is used for calculation of load
capacity.

4.1.1.11 Axial expansion of ball screw and nut

The axial expansion of the ball screw and the nut three options are available: “Not
considered”, “fixed left”, "fixed right”. In case the load is introduced on one side,
the screw will axially expand or compress because of the axial stresses. “Fixed
left” means that the load is introduced on the left of the element and the axial
stress will reduce to the right.

4.1.1.12 Elastic ring expansion

An elastic expansion/compression because of radial forces can be considered. The
calculation is based on thick ring theory with constant pressure at the outside or
inside. Either the minimum or the medium contact force of the balls is used to
calculate this elastic deformation. The deformation is constant over the whole
length of the nut. Therefore, the method is not suited for a pure moment load.
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4.1.2 Ball screw geometry
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General Geometry Configuration Loading
Mumber of starts ns Dynamic load number
MNumber of turns nt Static load number
Lead Ph D mm ®  axial dearance
Lead angle phi D * O rgerance dass |5
Direction Material ball screw |Stee|
Number of loaded balls per turn 2l U
HTer ot losdecbas per fum D Material ball nut |Stee|
Ball diameter Dw l:l mm |
Material rolling element | Steel
Pitch diameter Dpw l:l mm
Contact angle a D . Ball screw inmer diameter
— Mut outer diameter
Conformity ball screw frs |0.52
Ball screw lead errar
Conformity ball nut frn |0.52
Shoulder diameter ball screve dsi l:l mm
Shoulder diameter ball nut dse D mm H
4.1.2.1 Load capacities

The load capacities can be an input or an output. If they are given by the user they
will not be changed because of surface hardness of the material. The surface
hardness is only considered if the values are calculated by the software.

The load capacity will be calculated using the free contact angle a0, not the

nominal contact angle a.. This mainly makes a difference for nominal contact angle
of zero in case of a full radius in races.
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4.1.2.1.1 Dynamic load number

The dynamicload number is used for the calculation of bearing life. It is calculated
according (1SO 3408-5, 2006) with factor fc according ( ISO/TR 1281-1, 2008). Either
0.86 or 0.7 according (1SO 281, 2007) is used as an exponent.

The dynamicload number can be influenced by a modification factor available at
material properties.

4.1.2.1.2 Static load number

The static load number is calculated according (ISO 76, 2006) and ( ISO/TR 10657,
1991) or according (ISO 3408-5, 2006).

4.1.2.2 Number of starts

The number of starts defines the number the ratio between lead and pitch or the
number of parallel ball tracks.

4.1.2.3 Number of turns

Each ball track has this number or turns. It does not have to be an integer value.

4.1.2.4 Lead

The lead is the axial travel of the nut for a 360° rotation.

4.1.2.5 Lead angle
Instead of the lead, the lead angle can be used as input. The lead is Ph =
Dpw*n*tan(?)

4.1.2.5.1 Direction
The lead can either be right or left handed. The sense of rotation is defined by this

input.

4.1.2.6 Number of loaded balls per turn

The number of loaded ball per turn us usually calculated according (ISO 3408-5,
2006). It can be overwritten in case spacers are used.

4.1.2.7 Ball diameter

The diameter of the balls is specified here.

4.1.2.8 Pitch diameter

The pitch diameteris the diameter of the centers of rolling elements when they
have the same amount of clearance to both races. The diameters of inner and
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outer race are calculated by this value, the diameter of rolling element, the
contact angle and the clearance.

4.1.2.9 Contact angle
Either one or two contact angles can be defined. For contact angle larger zero a

gothic profile is used, for contact angle of zero a full radius is used.

If a full radius should be used, the clearance has to be generated either radially or
by reduction of ball diameter.

4.1.2.10 Conformity of ball screw and ball nut

The conformity is the ratio between radius of curvature of a race and the ball
diameter. For geometric reasons, the value has to be larger than 0.5. The values
used for the calculation of tables in ISO 281 are fi=fe=0'52 for radial ball bearings

and fi:fe:0.535 for thrust ball bearings as stated in ( ISO/TR 1281-1, 2008).

Using the “P-button behind the input field, the conformity can be calculated from
a given radius. Ensure that you input the correct roller and pitch diameter before.

4.1.2.11 Shoulder diameter of inner and outer ring

The shoulder diameter of inner and outer ring can be defined.

The shoulder diameter is compared to the maximum extension of the contact
ellipsis. A warning is shown if the ellipsis would extend above the shoulder. The
Hertzian stress is not valid in that case.

The required shoulder diameter is shown in the report together with a length ratio
elR_i, eLR_e which is showing a safety of shoulder length. The length ratio is
defined as the length from lower end of contact ellipsis to shoulder (the green line
the graphics) divided by the length of the contact ellipsis 2a (red line in the
graphics). The value should therefore be larger than 1 or 100%.
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i Enter Factor or shou

Enter Factor for shoulder diameter

Factor shoulder diameter ball screw S5 30 5%

Factor shoulder diameter ball nut  fSn 30 %o

| ok || cancel

Instead of using an absolute value, the shoulder height can be defined using a
percentage of ball diameters. A factor of 50% would be a shoulder up to the pitch
diameter, so the factor should be between 10% and 40%. Using this factor allows to
have default geometry on changing ball diameter or pitch diameter.

4.1.2.12 Axial clearance

The axial clearance is the difference between the possible axial displacementin
positive and negative direction. It can be negative for gothic profiles, but it has to
be positive for full radius profiles.

A pretension can be entered by using a negative value for the axial clearance Pa. A

=-button allows the input of radial clearance instead of axial clearance or a free
contact angle can be used for full radius profiles.

4.1.2.13 Tolerance class
The tolerance class will be considered in calculation of static and dynamic load
capacity.

4.1.2.14 Material

The material of the ball screw the nut and the balls can be defined here. Using the

'fljl:'-button, the hardness and material treatment can be defined, too.

The material of the ball does only affect the contact stiffness in calculation of load
distribution, it is not considered for the calculation of life.
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4.1.2.15 Ball screw inner diameter

The inner diameter in case of a hollow screw. This inputis only used in case axial
or radial expansion is considered.

4.1.2.16 Nut outer diameter

The outer diameter of the nut. This inputis only used in case axial or radial
expansion is considered. In case the input value is zero, a diameter of Dpw +
20*Dw is used internally.

4.1.2.17 Ball screw lead error

An optional lead error for the ball screw. This will affect the load distribution.

4.1.3  Bearing configuration

A group of nuts can be considered in the calculation. The nuts are assumed to be
connected to a rigid shaft and housing. The loads or displacements are given for
the origin of the bearing group instead for each single bearing.

A relative position can be entered for each bearing. An axial offset allows the
definition of pretension in the system. The offset is an additional movement of
the ball nut. The displacements, forces and moments under loading are applied at
the reference position 0. So in most cases the positions should be chosen
symmetrically around zero.

| General I Geametry | Configuration | Loading

Consider multiple nuts

Position [mm] Offset [mm]

1 -30 0

2 30 0

(] (=) (8]

Additional bearings can be added using the =F-button. A row can be deleted using
the == -button and the #&-button clears all inputs.
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With the context menu (right mouse button) in the table, several results values
can be shown in the table. This allows seeing quickly how load or life is distributed
among the nuts.

4.1.4 Loading

For each coordinate direction, you can select if a force or a displacement should be
entered.

A moment load can be entered for two directions only, because the torque around
the axis is connected to the axial force. The rotation angle rx will affect the axial
displacement only.

Use the radio buttons to select the elements you want to enter.

General Geometry Configuration Loading
Axial load Fx I:I M (® Displacement ux D pm O
Radial load Fy I:I N @ Displacement uy D mm ()
Radial load Fz I:I N @ Displacement uz D mm ()
Moment Mx I:I Mm Rotation angle r D mrad
Moment My I:I nm (O Rotation angle ry D mrad (®
Moment Mz I:I MNm O Rotation angle re l:l mrad @
Speed inner ring ni I:I rpm Inner ring rotates to load
Speed outer ring ne I:I rpm [ outer ring rotates to load
Temperature of shaft Ti D =C Temperature of housing Te D =C

4.14.1 Coordinate system

The coordinate system is defined with x as the axial direction. The y-axis points up
to the first rolling element and the angle U is positive around the x-axis or
clockwise in the diagram on the right (looking in the direction of the x-axis). The
angle starts with zero at the first rolling element on the y-axis as default; it can be
changed under settings. Moments are positive if acting around the corresponding
axis.
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The load is acting on the inner ring, so a positive load in y-direction leads to a
loading of the rolling elements on the top as shown in the graphics on the right.

4.1.4.2 Inner ring rotates to load

The resulting life is slightly different if the load distribution on a race is stationary
or rotating. For many bearings, the inner ring rotates relative to the load. This is
the case if the inner ring is connected to a rotating shaft and the load is stationary
in space.

What is the correct input if only an axial load occurs? In this case, the input doesn’t
matter since the results are the same for both settings if all the rollers have the
same loading.

4.1.4.3 Outer ring rotates to load

For the outer ring, the same is valid as for the inner ring. In many applications the
outer ring is stationary to the load.

4.1.44 Temperature of screw and nut

The temperatures of the shaft and the nut are considered in axial elongation of the
screw and the nut and they will affect the radial clearance due to radial thermal
expansion.

4.1.5 Load spectrum

If at the tab-page ‘General’ the flag for the calculation with load spectrum is set,
instead of for a single load case, the calculation will be done for a load spectrum.
The load or displacement, the rotation speed and the temperatures can be
specified for each element.
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General Geometry Configuration Loading

Frequency Fx[N] Fy[M] Fz[MN] rme[mrad] ry[mrad] rz[mrad] ni[rpm] ne[rpm] Ti[*C] Te[*C]

1 045 8000 0 0 ] 0 0 1000 0 20 20
2 035 5000 0 0 0 0 0 50 1] 20 20
3 04 2000 0 0 0 0 0 100 0 20 20

inner Ring rotates to load [] outer ring rotates to load Results for No EI IZI EI EI

Using the context menu that opens clicking the right mouse button, you can select
which forces or moments should be used as input values. If a value is not selected,
the corresponding displacement/rotation can be entered.

Rows can be added using the =F-button or a selected row can be deleted using the
==_hutton. The #e-button clears all the inputs.

Using the =+ -button, the load spectrum is read from a file. The columns that are
currently shown with its units have to be used for the input file. As the data from
the file is added to the inputs, you must clear the inputs first to define a full load
spectrum. Likewise, a created load spectrum table can be exported with the
corresponding | =*-button.

As for the single load case, a selection is available if the ring is rotating relative to
the load or not. A ring not rotating to the load would be on the safe side.

The load distribution is calculated for each load case. The resulting life for the
whole load spectrum is shown as result and the minimum static safety of all
elements. The result graphics are only shown for the element of the load spectrum
that is chosen as results on this page.

4.2 Results
]

Results are provided as a small result overview directly in the software, a main PDF
text report, a tolerances report and separate graphic windows. Graphic windows
can be docked onto the main program interface and are automatically updated on
each calculation.
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File Calculation Report Graphics Extras Help
OH $EE
Load distribution 3D [1] & X
General | Geometry | Configuration | Loading n
e
Nurber of starts o1 Dynarmic load number N
zd
Number of turns nt 5 Static load number tx
Lead Fh 10 mm @ Axial dearance
F— B x
Lead angle phi  7.25608 @ rolerance dass
%
Al
Direction ticht Material ball screw [ Steel P
Mumber of loaded balls per tum 2 15 B
- 2
Ball diameter Dw 5 mm
2
pitch diameter Dpw 25 m @
Contact angle a 40
Conformity ball screw fs 0.5 Contact stress [1] g x
Contact stress
2 for load spectrum element 1
Conformity ball nut fm 0.52 5
| n = i
Shoulder diameter ball srew  dsi |23 o = e
. - g 10
Shoulder diameterballnut  dSe 27 mm 3 a0
8
2 a0
£
o
o & s s A s s
EREEERE ERE]
Position [mm]
Result overview B | contactangle [1] & x
B [ Contact angle
Reference rating life Liorh 1603.03 h Reference rating life L10r 459288 for load spectrum element 1 it
= e T OB
Maximal pressure pmax 183685  MPa Static safety factor S 11843 5% r
2 4 =
5
G i nrer)
£ oo ==Lt (pLiter)
8 w
v =] u =) [ o [} o ) =]
g2 = 4 = = 8
Position [mm]

4.2.1 Result Overview

The result overview shows the reference life L10r in 106 rotations and the

reference life L10rh in hours. The modified reference life L considering

nmr

6

reliability and lubrication is also shown in 10" rotations and in hours.

The maximum pressure and the static safety provide information about the
maximum loading.
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Result values
Reference rating life [L10rh]

Reference rating life [Lnrh]

Reference rating life [L10r]

[/ =] () (1) (2

Maximal pressure [prmax]

Distance between rolling elements [SRE]

Static safety factor [SF]

Ellipsis length ratic cuter race [elLR_g]
Extension contact ellipsis inner ring [dCiMax]
Extension contact ellipsis outer ring [dCeMin]
Minimal contact angle inner race [mimin]
Maxirnal contact angle inner race [aimax]
Miniral contact angle cuter race [aemin]
Maximal contact angle cuter race [aemax]
Free contact angle [cl]

Reference rating life [Lnr]

Restore Defaults

The result overview can be customized using “Extras->Result overview”. The items
shown in the overview can be selected and additional items can be added using
the SF-button or the context menu with the right mouse button. Note that only
values are actually shown in the result overview that are valid. So you will see
fewer values than selected in the settings.

The settings for the result overview are saved in the windows user profile not in
the calculation file. So they will be the same for different calculations.
4.2.2 Main Result Report

The text report is provided in PDF format.
In the menu "Report->0Options" the contents of the report can be configured. The
graphics to be included can be selected and some sections of the report could be

discarded if not of interest. The legend for all the table parameters can be shown
in the report.
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4.2.2.1 Saving main report

The main report can be saved using the menu “Report->Save Report As” in
different formats. It can be saved as PDF, DOC, DOCX or ODT (Open Office) format.

4.2.2.2 Customizing report logo

As default, a MESYS logo is shown on top of the report. This can be customized by
defining alogo in the “mesys.ini” file. The logo should be created using a size, so
that it fits into the header table. The DPI setting in the logo is considered, so that a
high-resolution image could also be used. Additionally, it also exists the possibility
to create an own template of the supported file formats (DOC, DOCX and ODT) and
generate the report from it, thus having the chance to customize the logo.

4.2.3 Result Graphics

Several results can be shown as graphics. All graphics are also appended to the
report, so that a full documentation is provided in one document.

Using the context menu (right mouse button), in a graphics window the graphic can
be exported as file or be printed.

4.2.3.1 Load distribution 3D

Here the contact stress of an angular contact bearing with radial and axial load and
relatively high speed is shown. The contact stress is larger on the inner race (red)
in the load zone but slightly larger on the outer race on the opposite side because
of centrifugal loads.
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With this chart, it can be noticed the contact stress by means of color-based
representation of the contact stress levels on each rolling element and the
corresponding contact ellipse on them. The visualization can be accurately

rendered in any perspective.

4.2.3.2 Contact stress

The contact stress is shown for each ball and each of the four possible contacts.

Contact stress [1] @

Contact stress

for load spectrum element 1
2500 —pil
22501 P

20007
175071
150071
125071
10001
70T
s00T
25071

Contact stress [MPa]

=207
-15
-10
=

0
5
10
15

20

Position [mm]

4.2.3.3 Contact angle

The contact angle is shown for a nominal contact angle of 40°. As for typical axially
loaded ball screws, both the load level for all balls and the contact angles of inner
and outer race are almost equal along the axial position.

The extension of the contact ellipsis is shown with the dotted lines. The contact
angle corresponding to the shoulderis shown as dashed straight line at the top, so
the shoulderis high enough in this case.

MESYS Calculation Software © 2019 MESYS AG



MESYS Ball Screw Calculation

Contact angle [1] |

Contact angle
for load spectrum element 1
=air
a0T =—aa]

==Limit {inmer)
== -Limit {outer)

Contact angle [°]
(%, ]
=

-207
-157
-7
5
o
5
1ot
1571
20T

Position [mm]

4.2.3.4 Ball loads

This diagram shows the forces on each ball for the up to four contacts.

Ball loads [1] =

==

Ball loads
for load spectrum element 1

dd

2007
1757
1507
1257
1007
757
507
257

]

Load [M]

=207
-15
-10
5
1]

st
10
15
20

Position [mm]

4.2.3.5 Circumferential ball advance

The circumferential ball advance is shown as graphics. It is calculated based on the
assumption that the orbit speed of each ball is constant in one section. Because of
variation of contact angles the ball orbit speed varies between the rolling
element. For calculation is done in the same way as for ball bearings, the lead is
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not taken into account. A decrease in ball advance means that the next ball is
slower and this will lead to forces between the balls. The calculation of orbit
speed does not take into account a contact between the balls.

Circurnferential ball advance n

Circumferential ball advance

—Ab_drc
0,014 1
0012 7
0017
0,008
0,008 1

0.004 1

Circumferantial ball ady ance [mm]

0.002 7

Position [mm]
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5 MESYS Hertz Calculation

The MESYS Hertz Calculation (Version 07/2019) calculates the Hertzian stresses and
subsurface stresses for point or line contact.

The following results can be found in the report:
e Major half axis of contact ellipsis a
e Minor half axis of contact ellipsis b
e Approach of both bodies

Contact stiffness R

Hertzian stress

Maximal shear stress

Maximal octahedral shear stress

Depth for max. shear stress

Depth for max. octahedral shear stress

Equivalent stress (Tresca)
e Equivalent stress (Mises)

In addition to the report, the results are shown in several graphics. Report and user
interface are both available in metric or US customary units. Supported languages
for userinterface and report are English, German, French, Spanish, Chinese and
Korean.

5.1 Input Parameters

The input parameters are all shown at a unique page:
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T MESYS Hertzian Stress Calculation - MESYS AG - 8005 Zirich (o [=@]=]
File  Calculation Report  Graphics Extras  Help

sH G ES

Project name

Calculation description

Body 1 Body 2
Ball - [l -

First radius rm 0 mm First radius ra 0 mm

Youngs modulus E: 210000 MPa Youngs modulus E: 210000 MPa

Poisson number vi 0.3 Poisson number v 0.3

General

Mormal force Fa O N Angle between axes a 0 e
Result overview =

5.1.1  Project name and calculation description

The project name and the calculation description are just inputs which are shown
in the report header. They can be used to enter information about the purpose of
the calculation for documentation.

5.1.2 Bodies in contact

Body types such as ball, cylinder, ellipsoid and plane are available on the drop-
down lists corresponding to the ‘Body 1’ and ‘Body 2’ sections. All combinations
are possible, apart from the plane-plane contact for obvious reasons.

Body 1 Body 2
v
Ball
Ellipsoid
Flane
Poisson number vio 0.3 Poisson number vi 0.3

5.1.2.1 Body radii

MESYS Calculation Software © 2019 MESYS AG




MESYS Hertz Calculation

2

Body 1 Body 2
[Bal ] [cyinder v
First radius ru 10 mm First radius fzz -850 mm

Only one radius is needed for balls and cylinders. Note that concave surfaces have
to be defined by means of negative values.

It will be necessary to specify the two radii of an ellipsoid, so the input is activated
when selected:

| Elipsoid - |
First radius rz 0 T
Second radius rz 0 T

5.1.2.2 Material properties

Only young modulus and poison’s ratio are needed for the bodies in contact. The
stresses for both properties are the same for equal materials, for different
materials they can differ.

5.1.3 General

General
Mormal force Fu 1000 M Angle between axes a 0 e
Length for line contact Lee 0 mm

5.1.3.1 Normal force

Here the contact load is specified as normal force.

5.1.3.2 Angle between axes

The radii of curvature for two bodies can be given in two planes and an angle
between these planes can be specified. The angle is defined between the lines
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which are normal to the planes where the radii rl1and r21lie, as shown in the
picture:

5.1.3.3 Length for line contact

For the case of two cylinders in contact, it is required to define the length for line
contact, so the corresponding input field will be activated under ‘General’ as
shown in the picture above.

5.2 Results
]

Results are provided as a small result overview directly in the software, a main PDF
text report, a tolerances report and separate graphic windows. Graphic windows
can be docked onto the main program interface and are automatically updated on
each calculation.

MESYS Calculation Software © 2019 MESYS AG



MESYS Hertz Calculation

{11 MESYS Hertzian Stress Calculation - MESYS AG - 8005 Zirich =n =R <"
File Calculation Report Graphics Extras  Help

sH @ EG

Project name MESYS AG

Stress curve for body 1 5 X
Stress curve for body 1

Calculation description  MESYS Hertzian Stress Calculation fom 1.4
1000 oy
Body 1 Body 2 s N
z =
Bal ~|  [cyinder ~ £ 0 —
— — n
First radius fn 10 mm First radius rz =50 mm @ -500
B — @ 1000
Youngs medulus E: 210000 MPa Youngs modulus E: 210000 MPa 2
£ -1500
5
Poisson number vi 0.3 Poisson number Vi 0.3 S anon
General -2500
o = o oM ow oo o~
Mormal force Fwx 1000 N Angle between axes a 0 2 2 =2 2 2 2 a9
Depth [mm]

Result overview =}
Contact stiffness R 96528.5 MNfmm Major half axis of contact ellipsis a 0.449213 mm
Minor half axis of contact ellipsis b 0.387133 mm  Approach of both bodies [ 0.0155653  mm
Depth for max. shear stress body 1 z(tMax:) 0.200101 mm  Depth for max. shear stress body 2 z{TMaxz) 0.200101 mm

Depth for max. octahedral shear stressbody 1 z(rOctMax:) 0.199579 mm Depth for max. octahedral shear stressbody 2 2(TOctMaxz) 0.199579 mm

Hertzian stress pH  2745.55 MPa Equivalent stress body 1 (Mises) oeMises: 1701.05 MPa
Equivalent stress body 2 (Mises) oceMises: 1701.05 MPa Equivalent stress body 1 {Tresca) oeTresca; 1727.05 MPa
Equivalent stress body 2 (Tresca) oeTrescaz:  1727.05 MPa Maximal shear stress body 1 T™Max: 863.527 MPa
Maximal shear stress body 2 ™™ax: 863.527 MPa Maximal octahedral shear stress body 1 OctMax: 801.883 MPa
Maximal octahedral shear stress body 2 TOctMax: 801.883 MPa

5.2.1 Result Overview

Each and every one of the results can be chosen to be displayed at the results
overview window of the software. Under the menu “Extras->Result overview” all
the items are listed in a table called ‘Result values’. By doing a double-click on the
table items, a drop-down list allows the user to select the result to be shown. By
using the 5P and == buttons, any item of the table can be added or removed, as
well as itis possible to clear the whole table with #-putton or rearrange it with
the up and down arrows.

The settings for the result overview are saved in the windows user profile not in
the calculation file. So they will be the same for different calculations.
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i 11 Settings for Result Overview

Result values

1 Contact stiffness [R]
2 Major half axis of contact ellipsis [a]

3 Minor half axis of contact ellipsis [b]

CECIEL |

4 Approach of both bodies [8]

5 Depth for max. shear stress body 1 [z{tMax,)]

6 Depth for max. shear stress body 2 [z{tMaxg]]

7 Depth for max. octahedral shear stress body 1 [z{tOct...
& Depth for max. octahedral shear stress body 2 [z{TOct...
9 Hertzian stress [pH]

10 Equivalent stress body 1 (Mises) [oeMises,]

11 Equivalent stress body 2 (Mises) [oeMises;]

12 | Equivalent stress body 1 (Tresca) [oeTrescas] -
13 Depth for max. octahedra...ess body 2 [z{1OctMax:])] =

Hertzian stress [pH]

Equivalent stress body 1 (Mises) [oeMises]
14 Equivalent stress body 2 (Mises) [oeMises;]
Equivalent stress body 1 (Tresca) [oeTresca]
Equivalent stress body 2 (Tresca) [oeTresca:]
Maxirnal shear stress body 1 [TMax;]
Maximal shear stress body 2 [TMax:]
Maximal octahedral shear stress body 1 [TOctMaz]
Maxirnal octahedral shear stress body 2 [TOctMax;]

o) Cane

15

m

16

17

4

5.2.2  Main Result Report

The text report is provided in PDF format.

In the menu 'Report->Options' the contents of the report can be configured. The
graphics to be included can be selected and some sections of the report could be
discarded if not of interest. The legend for all the table parameters can be shown
in the report.

5.2.2.1 Saving main report

The main report can be saved using the menu “Report->Save Report As” in
different formats. It can be saved as PDF, DOC, DOCX or ODT (Open Office) format.

5.2.2.2 Customizing report logo

As default, a MESYS logo is shown on top of the report. This can be customized by
defining alogo in the “mesys.ini” file. The logo should be created using a size, so
that it fits into the header table. The DPI setting in the logo is considered, so that a
high resolution image could also be used. Additionally, it also exists the possibility
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to create an own template of the supported file formats (DOC, DOCX and ODT) and
generate the report from it, thus having the chance to customize the logo.

5.2.3  Result Graphics

Graphics | Extras Help

Stress curve body 1

P

Stress curve body 2
Displacement over load

Stress over load

All the available charts are under the menu ‘Graphics’. For the current version, the
stress curves for both bodies as well as displacement over load or stress over load
can be analyzed.

5.2.3.1 Stress curves for body 1 and body 2

Maximum principal stress (o ), maximum shear stress (t) and maximum

XX ny 022
octahedral shear stress (roct) are represented for at the line of contact under the

surfaces.
Stress curve for body 1 ]|
Stress curve for body 1
o007
75071
500
2507
0
=250
T |
4 -500
wn
] =750
w
= -1000
=
5 12507
-1500T
-17507
-2000 7
-22507
-2500 7
o o =} [=] =} =} =1
Depth [mm]

MESYS Calculation Software © 2019 MESYS AG



MESYS Hertz Calculation

5.2.3.2 Displacement over load

This chart represents how the bodies (1 and 2) move towards each other by
amounts of 61 and 62 as the load increases. Therefore, delta is the total decrease
of distance by an amount 6=61+62 between points on the bodies not affected by
the local deformation near 0.

Displacement over load =
Displacement over load
——delta
0.025 T
00225 T
0.02T
0.0175 1
e
E o015t
=
E
T 00125
a
&
a 0.017
0.0075 1T
0.005 T
0.0025 T
0 T T T T I T T T T
= = = = = = = = = =
= L=} = ] o =] L=} o ]
o - e = = o = =z =
Load [M]

5.2.3.3 Stress over load

Here the Hertzian stress, maximum shear stress and maximum octahedral stress
are represented against the load.
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Stresses over load =]
Stresses over load
3750t PH
—TMax
35001 =rRctMax;

323071
30001
27501
25001
223071
20001

Stress [MPa]

17501
15001
125071
10001

750

500

230

I
t
[} [l [ [l [ [l [ [l [} [l
= [} = [} = = = [} =
¥} -+ =} L) = [} -+ [rel o
= = = = =
Load [N]
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Calculation for axial-radial-
roller bearings

The software calculates the stiffness, the load distribution and the life of axial-
radial-roller bearings. The geometry of parts is defined by horizontal and vertical
lines; several parts can be defined. The parts can be connected axially or radially
by bearings. A bolted joint and loads on surfaces or point loads can be considered.

The deformation of parts is calculated by a nonlinear FEA, while the coupling to
the rollers is done analytically according ISO/TS 16281. Bolts are modeled using
beam elements.
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A first calculation step is done to evaluate the bolt pretension without further
loads. Further calculation steps are then done with loading.
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6 MESYS Axial-Radial-Rollerbearings

The calculation software for axial-/radial-roller-bearings or three row slewing rings
is considering deformations of bearing rings using finite element analysis. The
bearing geometry of axial symmetric rings can be defined by the user by a polygon
in the cross section. An arbitrary number of axial or radial cylindrical roller bearings
or cross roller bearings can be defined and the pretension of bolts is considered.
Loads can be applied on a surface or on single points. For the definition of stiffness
a calculation of a series with variation of load is possible.

As results the following data is available in several graphics and a PDF report:
e The pressure distribution on the rollers
e The bearing life for each row and the system according ISO/TS 16281
e The deformation and the stiffness defined by two points

e The maximal and minimal load on the bolts

6.1 General usage
|

The software can be called with several file names on the commend line. All
calculations are run sequentially and the report is generated without showing a
user interface. Example: ,MesysAxRaRBC.exe filel.xml file2.xml*”

For larger models, the calculation time can be up to an hour. Therefore the
following approach is recommended: Choose ‘Only preprocessing’ and build the
model interactively. Save the model and run the calculation using the command
line. Afterwards, the results can be loaded into the program to evaluate the
results.

If several calculations have to be run, the software can be called with several file
names. These calculations are done sequentially. The FEA is using up to two
processor cores. If more cores are available the program can be started in parallel
to run multiple calculations if the amount of memory is sufficient.

The number of processor cores used in FEA can be changed by changing following
entry in mesys.ini:

[axrarbc]
numberofthreads=2

Using more than two threads will lead only to small improvements.
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6.2 Inputs

The input data is provided on several input pages which are described on the
following pages. The input data is for the following geometry:

Geometry n

ol
#i]

6.2.1 General

General Geometry of parts Bolts Bearings Cross roller bearings Loading Load spectrum Results

General

Project name [ ]
Calculation description [ ]
Number of parts Number of radial bearings

Maximum angle for mesh Wes [CI ¢ Number of axial bearings

Number of bolted joints D Number of cross roller bearings

[] consider load spectrum Number of surface loads

Preprocessing only Reliability for bearings z %

[ Allow general geometry input

Calculation of series

L

[ Activate calculation for series Number of steps

Start factor o | endfactor

Lubrication

Viscosity at 40°C nu40 mm#/s | Oil lubrication with on-ine filter 1504406 -/17/14 ¥ .-
Viscosity at 100°C nu100 mmfs Temperature Toi °C
[] contains effective EP additives Calculate modified life

6.2.1.1 Number of parts

The bearing can be build using several parts. In usual cases two parts are used.
There is no restriction on the number of parts.
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6.2.1.2 Number of bearings

The number of radial, axial and cross roller bearings can be defined here. In usual
cases one radial and two axial bearings are needed.

6.2.1.3 Maximum angle for mesh

For the meshing in circumferential direction, a maximum angle can be defined.
Using a value of zero, the angle results from number of bolts and rollers. The angle
can only be reduced but not be increased.

A large angle can lead to increased stiffness of the parts. To estimate the influence
of the angle, some calculations for comparison can be made.

6.2.1.4 Number of bolted joints

One or more rings of bolts can optionally be considered. Only one bolted joint can
be defined for one part.

6.2.1.5 Consider load spectrum

A load spectrum can be considered. If a calculation of series is active, only multiple
speeds can be defined. Without calculation of series, also different loads can be
defined per load spectrum element.

6.2.1.6 Only preprocessing

If this option is activated only the model is created but no FEA is performed on
running the calculation.

6.2.1.7 Allow general geometry input
If this option is not set, the geometry is defined by horizontal and vertical lines

only. This allows to enter one number only per geometry line.

If the option is activated, all values for the geometry coordinated have to be
defined, but a general polygon is permitted as geometry. A meshing algorithm is
used then, that will lead to less elements than with horizontal and vertical lines
only.

6.2.1.8 Number of surface loads

The number of loads acting on surfaces can be defined using this input value.

6.2.1.9 Number of contacts

A contact between parts or between a part and the rigid environment can be
defined if 'Allow general geometry input'is activated. The number of contacts is
the number of contact definitions. Each definition can be used multiple times.
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The “iP-button allows to define the properties for each contact definition:

T} Define contact definitions >

Connected to Housing  Clearance [mm]  Consider tangential force  Stiffness [N/mm]

1 END 0 Fixed on contact 0

Cancel

The first column defines if the contact is between a part and the rigid environment
(the 'housing') or between two parts.
The second column allows to define the clearance in the contact.

All contacts lead to a normal force in case of contact, but there are different
options for the tangential force, which can be defined in the third column:

¢ "Fixed on contact" will constrain the tangential movement in case of contact.
¢ "No constraint" will lead to no constraint in tangential direction.

e "Welded" will lead to a tangential constraint always. In addition, also the normal
forces can act in both directions.

The stiffness input in the last column should be zero in most cases. In case a value
larger zero is used, it will be used for the normal stiffness. This can be useful for
fixing a part in space with low stiffness. As the stiffness is used per node, its effect
depends on the mesh size.

6.2.1.10 Reliability of rolling bearings

The bearing reliability is 90% as default. The input is used for the calculation of life
modification factor al.

The reliability is set for all bearings to the same value.

6.2.1.11 Series calculation

A series of load cases can be calculated by multiplying the load with a factor.

The load factor for the first calculation is the ‘start factor’ for the last calculation
the ‘end factor’ is used. A given number of steps is calculated in between. For the
results, a selection is available for the load step shown in graphics.
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6.2.1.12 Lubrication

For the calculation of modified life, the definition of the lubrication is needed. The
lubricant viscosity is calculated for the lubricant temperature using the reference
values at 40°C and 100°C.

The selection ‘Consider lubrication’ defines if the modified life Lnmrh and the data
for lubrication is shown in the report. For a small rotation speed, there will be no
effective lubrication and the alSO factor approaches 0.1.

The lubricant cleanliness is considered by the factor eC. It can be selected if the
lubricant contains effective EP additives which can have an influence on alSO
factor on small speed.

The eC Factor can either be defined by lubricant cleanliness or it can be input by
the user. An overview of recommended eC factors is shown in the following table:

ec

Contamination level

DpW <100mm DpW >100mm

Extreme cleanliness
Particle size of order of lubricant film thickness, 1 1
laboratory conditions

High cleanliness
Oil filtered through extremely fine filter; 0.8.t0 0.6 0.9t0 0.8
conditions typical for bearings greased for life
and sealed

Normal cleanliness
Oil filtered through fine filter; conditions typical 0.6t0 0.5 0.8t0 0.6
for bearings greased for life and shielded

Slight contamination 0.5t00.3 0.6t0 0.4

Typical contamination
Conditions typical of bearings without seals; 0.3t00.1 0.4t00.2
course filtering; wear particles from surroundings

Severe contamination
Bearing environment heavily contaminated and 0.1to 0 0.1to 0
bearing arrangement with inadequate sealing

Very severe contamination 0 0

6.2.2  Geometry of parts

The geometry of parts is defined in a table. The points (radius and y-coordinate)
have to be entered clockwise.
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If the general geometry input is not activated, the geometry can be defined using
horizontal and vertical lines. A coordinate which is not changed to the previous
point can be set to zero. So the number of input values can be reduced by factor
two.

If the general geometry input is activated, the geometry can be defined by lines in
arbitrary direction. All coordinate values have to be defined in this case.

The “P-button behind the name of the part allows to define the material
properties for this part. The material data is only used for the FEA calculation of
this part, not for the stiffness of the contact between roller and races.

Using the button on the lower right additional lines can be added or deleted. The
=F-button copies the selected line or appends a new line if nothing is selected.
The SiP-button deletes the selected line and the #-button clears the whole table.

General Geometry of parts | Bolts | Bearings I Cross roller bearings I Loading | Load spectrum Results

Name || | @ 1z
Speed n ICI 1fmin Maximum element size maxE El mm
r-Coord. [mm]  y-Coord. [mm]  maxElement [mm Bearing/BC
1 100 40 0 Mot specified
2 0 40 0 Mt specified
30 &0 0 Mt specified
4 200 0 0 Surface load 1
5 0 30 4 Not specified
6 140 0 5 Axial bearing 1
70 -30 0 Radial bearing 1
3 200 0 5 Axial bearing 2
g9 0 -40 4 Mot specified
10 100 0 10 Bolted joint 1
11 100 40 10 Not specified
4] (=] [%8]

6.2.2.1 Element size

The size of elements can be defined as a maximal size per part orin the third
column of the table for asingle line. An input of zero leads to the standard value.

If bending is expected in a part, more elements are required. One element can
model a constant stress state correctly. For a linear stress distribution, several
elements are necessary.
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6.2.2.2 Speed

The rotation speed for the bearing life calculation can be defined for each part.
The sign is considered, so one part can have a positive and one part can have a
negative speed.

6.2.2.3 Boundary conditions

Boundary conditions can be defined line by line. The following selections are
available:

e Radial fixed: All nodes for this surface are fixed radially.
e Axial fixed: All nodes for this surface are fixed axially.

e Radial and axial fixed: All nodes for this surface are fixed radially and
axially.

e Bolted joint: The head of the bolts is on this plane.
e Radial bearing: A radial bearing is connected to this plane .

e Axial bearing: An axial bearing is connected to this plane. This input is used
for axial positioning.

e Cross roller bearing: A cross roller bearing is connected to this surface.
e Surface load: A load is applied to this surface.

e Contact: A contact to a second part or to the rigid environment can be
considered.

6.2.3  Bolted joint

The data for the bolted joint can be defined on this page.

|General | Geometry of parts | Bolts | Bearings I Cross roller bearings | Loading | Load spectrum Results

Bolts

@ =
Number of bolts z Pitch diameter o] mm
Mominal diameter d mm  Bolt length L mm
Bore diameter dh I:I mm Depth of bore H mm
Diameter of counterbore ds mm Depth of counterbore HS EI mm
Assembly preload F D kM Shank length Ls D mm
Tightening torque MA D Mm o Amount of embedding fz um
Effective diameter of bolt head area  Ckm |0 mm  Pitch of the thread P 125 mm
Friction coeffident head e [0.1 Friction coeffident thread Bz 0.1
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The bore for the bolts and the thread are in the same part. The depth of the bore is
measured from the surface; the thread in the part is starting below.

If no counterbore exists, the diameter and the depth of the counterbore can be set
to zero. The cylinder with the diameter of the counterbore may not intersect and
edges of the part. If necessary, the diameter has to be reduced for the calculation.

The pretension is defined per bolt. All bolts have the same pretension. Either the
effective pretension can be defined or a mounting torque and a subsidence value.
According to VDI 2230, the subsidence value for surface roughness between 10 <Rz
<40is 3um for the head and the thread and 2um for each layer. For most cases, it
will be fz = 3+3+2 =8um.

The pitch of the thread is needed for the calculation of the core diameter of the
bolt needed forits stiffness. Also, it is needed for the calculation of pretension
force from mounting torque.

If the mounting torque is entered, the mean diameter of head support and the
friction values for thread and head support are required.

6.24 Bearings

The geometry of the bearings can be defined on this input page.

|General | Geometry of parts | Bolts | Bearings | Cross roller bearings I Loading | Load spectrum Results

Radial bearings

Mumber of rolling elements z & 11 =P

Ciameter of roling elements Dw El mm Surface hardness HRC
Dynamic load number Cr o[

Pitch diameter Dpw mm

Effective length of roller Lwe E mm Static load number co kL

Radial dearance Fd l:l mm  Fatigue load limit Cu ko[

Axial position pa l:l mm

Type of profile Profile according 150/TS 16281 ~ |

Axial bearings

Mumber of rolling elements z E & 12

Ciameter of roling elements Dw El mm Surface hardness HRC
Dynamic load number Ca o[

Pitch diameter Dpw mm

Effective length of roller Lwe E mm Static load number co kL

Axial dearance Fa mm  Fatigue load limit Cu ko[

Axial position pa mm

Type of profile Profile according 150/TS 16281 ~ |

6.2.4.1 Number of rolling elements

The number of rollers has to be defined here.
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6.2.4.2 Diameter of rollers

The diameter of the rollers is defined here.

6.2.4.3 Pitch diameter

The pitch diameter through the centers of the rollers has to be defined for both
bearing types. For radial bearings a warning is shown if the pitch diameteris not
between the selected planes.

6.2.4.4 Effective length of rollers

The effective length of rollers Lwe is the length which is the basis of the
calculation of the load capacity. It is the total length of the roller reduced by its
radii.

6.2.4.5 Radial-/axial clearance

The clearance is not defined by the dimensions of the parts, so that there is one
input for clearance and it is not needed to define the geometry with many digits.
The clearance is the nominal clearance before tightening the bolts.

A pretension is defined as negative clearance.

6.2.4.6 Axial position

The axial position of the center of the roller is entered here. For axial bearings the
axial position is determined by the position of the selected planes of the parts.

6.2.4.7 Crowning

There are three selections for the crowning of the rollers:

Profile according to ISO/TS 16281
The default profile according ISO/TS 16281 can be selected. This is a logarithmic
profile. No additional inputs are necessary.

Logarithmic profile

For the logarithmic profile, the length of the unmodified cylinder and the
amount of crowning has to be defined.

The profile is calculated as:

1
2
1 _{2|x| —Lw}

Lwe - qu

P(x)=Pr-In
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Using Pr =0.0005*Dw and Lwu = Lwe —2.5*Dw leads to the default profile
according ISO/TS 16281 for long rollers.

Crowning

The crowning is an arc-shaped profile. Here the length of the unmodified part
of the cylinder and the amount of profile relief has to be defined, too.

6.2.4.8 Surface hardness

The surface hardness is used to reduce the load capacity of the bearings according
to NREL guideline DGO3. Instead a user input of load capacities can be used to
consider the hardness. Only a hardness less than 58 HRC leads to a change of load
capacity.

6.2.4.9 Dynamic load capacity

The dynamic load capacity is calculated according ISO 281. Its value can be
overwritten by the user. The hardness is considered as follows for values less than
58HRC:

¢ :C( 58

If the load capacity is entered by the user, no further reduction by hardness is
considered.

6.2.4.10 Static load capacity

The static load capacity is calculated according ISO 76. Its value can be overwritten
by the user. The load capacity is multiplied by the following value fs for reduced
hardness:

5 (HV)2

f:=2\g00

If the load capacity is entered by the user, no further reduction by hardness is
considered.

6.2.4.11 Fatigue load

The fatigue load is calculated according ISO 281 appendix B.3.3.3. The value can be
overwritten by the user.
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6.2.5

6.2.6

Cross roller bearings

| General | Geometry of parts I Bolts | Bearings | Cross roller bearings | Loading | Load spectrum — Results

Cross roller bearings

Mumber of roling elements z I:I 4 11 =

Diameter of rolling elements Dw I:I mm Surface hardness HRC
Dynamic load number Cr l:l kM D

Pitch diameter Dpw I:I mm

Effective length of roller Lwe I:I mm Static load number cor D e[

Radial clearance Pd I:I mm Fatigue load limit Cur D ko [

Axial position pa I:I mm Type of profile Profile according ISO/TS 16281 + |

Configuration |Cross roller bearing - |

Calculated as |Radial bearing - |

Contact angle a I:I =

For cross roller bearings, three additional inputs compared to the other bearing
types are necessary:

Configuration

In addition to cross roller bearings also a calculation using angular roller
bearings is available. All rollers have the same orientation in this case.

The number of rollers is the total numberin each case. For cross roller bearings,
it has to be an even number.

Calculate as
The bearing can be calculated as axial or radial bearing. Dependent on the
selection, either Ca, COa, Pa or Cr, COr, Pd are shown as inputs.

Contact angle

The contact angle can be chosen between 40°-50°. Standard is 45°. For angular
roller bearings, the permissible range is 20°-70°.

Loading

The load can be defined as point or surface load. Surface loads should be preferred
because of smoother load introduction. Point loads can only be set inside of a part.
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General Geometry of parts | Bolts | Bearings I Cross roller bearings Loading Load spectrum Results

Surface loads

CR— s
Force in y-direction Fy kM Moment around x-axis Mx I:I Mm

Force in x-direction Fx

kN Moment around z-axis Mz I:I Mm

Force in z-direction Fz

is variied in series

Paoint loads

x-Pos. [mrm] y-Pos. [mm] z-Pas. [mm] Fae [kM] Fy [kN] Fz [kM]

(4] [=] (]

6.2.6.1 Surface loads

Surface loads can be defined by an input of three force components and two
moment components. A torque around the y-axis cannot be taken by the bearing,
therefore it is not available as input.

For each load, a selection can be made if the load should be multiplied by a load
factor in a calculation for series. If not selected, the load is considered constant for
all load steps.

6.2.6.2 Point loads

Point loads are defined by a force vector with three components and a position.
The position has to be inside of a part.

For point loads it can be defined, too if the load should be multiplied with aload
factor in calculation for series or taken as constant.

The point load is introduced using several nodes in the neighborhood of the given
position, so the load centeris on the selected position.

6.2.7 Load spectrum

If the load spectrum calculation was activated, it can be defined on page “Load
spectrum”. Only loads are shown where the flag “is varied in series” is set.
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General I Geometry of parts I Bolts | Bearings I Cross roller bearings | Loading | Load spectrum Results
Frequency P1-nlrpml P2-nlrpm] SL1-Fx[kM] SL1-Fy [kM] SL1-Fz [kM] SL1-Mx [Nm]  SL1-Mz [Nm]
105 20 0 0 -200 0 0 0 El

100 -300 0 0 0 El

2 05 30

6.3 Results

General Geometry of parts Bolts Bearings Cross roller bearings Loading Load spectrum Results

Results

, To—r— Current result CIE
Factor for displacements Angle for graphic deformation a D e
Minimal stress for graphics Omin MPa Maximal stress for graphics Omax MPa
Calculation of stiffness
Radius point 1 r mm  Axial position point 1 y1 mm
Radius point 2 r2 mm  Axial position point 2 v2 |20 mm

|:| generate short report

If the results page is active, evaluation of results is possible without a new FEA
calculation. Pressing the calculate button just evaluates the results.

6.3.1  Factor for displacements

The factor for displacements defines the exaggeration of deformations used in
graphics. Itis used in 3D view and 2D view for deformation of a section.

6.3.1.1 Angle for deformation graphics

The angle for the section used in 2d view for deformations can be selected here.
The same angle is used in the diagrams for stresses within the parts.

6.3.1.2 Minimal and maximal stress for graphics

For the stress diagrams, the range for the color scale can be set here.

6.3.1.3 Calculation of stiffness

For the calculation of stiffness and the diagrams for deflection and tilting angle,
two points have to be defined. The software averages the deflections around the
circumference for these points and the result is used to calculate a stiffness value.

6.3.2  Graphics
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6.3.2.1 3D-View

The 3D-view can be rotated using the left mouse button. Using the Ctrl-button, the
size can be changed.

Geometrie 30

SRR LIl

6.3.2.2 Geometry 3D Cut view

The cut view is a cut of the 3D geometry using the angle defined on the result
page.

Geometrie 30

SRR LIl

6.3.2.3 Bearings 3D

The load distribution can be shown on the 3D bearing set.
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Bearings 3D

SRR LIl

6.3.2.4 Geometry

The graphics ‘Geometry’ is available after preprocessing. It can be used to check
meshing and the position of bolts and bearing rows.

Geometry n

Tilll el

6.3.2.5 Deformation

The graphics ‘Deformation’ shows the deformed mesh for a given angle. The two
points for evaluating the displacements are marked with color.

The first pointis shown in red, the second in blue.
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Defarmation n

Il

|
LY

iH

g
|

6.3.2.6 Displacements

The displacements for the selected points are shown over the circumference.

Displacerments n
Displacements
'E
E o2t ey
£ Q02T
5 0037
Lﬂﬂ_ -0.035 1
% -0.049 T
-0.045 T
-0.05 1
-0.055 +
L I T o o I T o e o T o i s B
[T I T R S o [ Ty M~ = [T Tyl M~ = cd U ==
— — — [ I | cd M MM [
Angle []

6.3.2.7 Displacements over load factor

In case of a series calculation, the mean displacements are shown over load factor.
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Mean displacernent over load n

Mean displacement over load

—1

-0.005 4
-0.01 1
-0.015
-0.02 1
-0.025 1
-0.03 1
-0.035 4
-0.04 7
-0.045 7
-0.05 7
-0.055 7

Displacemant [mm]

= u1 2 ™
o o o o

02t

~
o

o1t

Load factor [

6.3.2.8 Tilting angle over load factor

Like the mean displacement, also the mean tilting angle can be shown dependent
on the load factor in a diagram.

Mean tilting angle ower load =]
Mean kilting angle over load

—on
—

-0.0025
-0.005
-0.0075
-0.01
-0.0125 T
-0.015 T
-0.0175 T
-0.02 T
-0.0225 T
-0.025 T
-00ENS T
-0.03 T
-0.0325 T

Tilting angle [

0.87
0.97
1

011
027
0.37

! ! 4 i
=+ V] w0 =
= = = =

Load Factar []

6.3.2.9 Equivalent stress in parts

The equivalent stress in part is shown in this diagram.
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Equivalent stress '

200 MPa l
100 MPa I
0MPa

6.3.2.10 Axial, radial and tangential stress in parts

Further diagrams show the axial, radial and tangential stress in the parts. The range
for the color scale can be defined on the results page.

Axial stress n

200 MPa I
0MPa I
-200 MPa

6.3.2.11 Contact stress for bearing

The contact stress is shown over the length of the rollers. In the user interface,
there is one graphicfor all bearings of one type, in the report, one diagram is
shown for each bearing.

The position in the diagram is either the axial or radial coordinate with the origin
at the center of the roller. For radial bearings, the orientation is like the
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orientation of the y-axis. The position is running from bottom to the top of the
bearing. For axial bearings, the orientation is the radius; the position is running
from inside to outside.

Pressure axial bearings n

Pressure axial bearings

=—Eearing 1 lower
=—Bearing 1 upper
——DBearing 2 lower

£aring 2 Lpper
earing 2 Lppet

1000 T
00 1
00 T
F00 1
&a00 T
500 1
400 T
300 1
200 1
100 1

Contact stress [MPa]

-0+

(=T T T
[

75T
10
125+

L
o

-12.5
7.5+

Position [mm]

6.3.2.12 Contact stress over angle

The contact stress can also be shown over the angular position. The maximal
contact stress per rolleris shown. Angle zero is in the x-axis, 270° on the z-axis.

Pressure axial bearings over angle n
Pressure axial bearings over angle
———
1000 T ==—Bearing 1upper
a00 1 —FBearing 2 lower
"o =—Bearing 2 upper
o @00 T
= 700+
v
£ 6007
o500 1
B 400 1
5 !
S 300
200 1
100 1
(] L = o (%] L [ o (] [Ty I~ [ (] L
— — — — (] sl il il [} (] (]
Angle [7]

6.3.2.13 Forces over angle

The distribution of roller forces over angle is shown in this diagram. For force is the
total force between roller and race.
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Forces axial bearings over angle n
Forces axial bearings over angle
Ix EeaHRe—
2750 —EBearing 2
2500 1
2250 T
2000 1
= 17501
w1500 1
L5
IE 1250 1
1000 1
780 T
500 T
250 1
(] L = = (3] L [ [ (] L - [ (] L
— — — — (] (] (] (] (4] (4] [}
Angle [9]

6.3.2.14 Roller profile

The profiling of the rollers is shown in this diagram. It is mainly used for check of
inputs.

Profile axial bearings n

Profile axial bearings

==Bearing-1
—rEBearing 2

Prafile [mm]

10+
1]
2.5 1
g4
7.5 1
10 1

1251

t t
[Ty] r [Ty]
th o

-12.5 1

Position [mm]

6.3.2.15 Bolt forces over angle

This diagram shows the bolt forces over the angle.
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Bolt forces over angle =
Bolt forces over angle
18000 +
16000 T
14000 T
12000 1
&
o 10000 T
=
£ 8000 1
6000 T
4000 T
2000 ¢
NN 1N~ O N N i~ © 0O N ~ © 0l u
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Angle [7]
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7 MESYS Gear Positions

MESYS Gear Positions (Version 07/2019) calculates the positioning of the gearsin a
system that must meet specific criteria related to gear design data and geometric
constraints between the gears.

The following results can be found in the report:
e Center coordinates of all gears of the system
e Graphical representations of the feasible gear configurations

In addition to the report, the results are shown in several graphics. Report and user
interface are both available in metric or US customary units. Supported languages
for user interface and report are English, German, French, Spanish and Korean.

7.1 Input Parameters
I ————————

The input parameters are all shown at three different tab pages.

7.1.1 General

{11 MESYS Gear Position Calculation - MESYS AG EIE

File Calculation Report Graphics Extras Help
=
oH $ES

General ‘ Three gears, two paths | Four gears, two paths

m e{sqﬂs Gear Position Calculation

Project name

Calculation description

Settings

Configuration Three gears, two load paths

Result overview

Project name and calculation description
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The project name and the calculation description are just inputs which are shown
in the report header. They can be used to enter information about the purpose of
the calculation for documentation.

Settings
Two configurations are available:
e Three gears, two load paths

e Four gears, two load paths

7.1.2  Three gears, two paths

{11 MESYS Gear Position Calculation - MESYS AG =GR

File Calculation Report Graphics Extras  Help

oH @G EE

General Three gears, two paths | Four gears, two paths

System data Gear 1
Mormal module m- 1 mm Mumber of teeth z a
Mormal pressure angle 0 20 = Profile shift % i}
Helix angle B ] = Gear 2
Basic rack addendum haP 1 Number of testh . a
Required clearance c a mm Profile shift « a
Gear 3
MNumber of teeth z ]
Profile shift X a
¥l [mm] yl [mm] x%2 [mm] y2 [mm]
4 11 | v
Result overview =

This module of the program allows a configuration of a symmetric system with two
different paths for transmitting the power composed of three gears each.
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7.1.2.1 System data

At this section, common general data and settings for the whole gear system can
be introduced, such as:

e Normal module
e Normal pressure angle
e Helix angle

e Basicrack addendum: haP is the coefficient to define the addendum of the
standard basic rack tooth profile defined as addendum = haP *mn. This value is

normally equal to 1, thus being the addendum =mn.
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e Required clearance: The required clearance is a restriction that sets a minimum
permissible distance between the tooth tips of unconnected gears to prevent
them from colliding with each other.

7.1.2.2 Gears

For each of the three gears, the number of teeth and profile shift can be specified
as design parameters. A positive value for the teeth will be understood as an
external gear by default, thus being negative values used for modeling internal
gear teeth. Due to assembly reasons, only the third gear can accept negative
values for the teeth.

7.1.3  Four gears, two paths

i 11 MESYS Gear Position Calculation - MESYS AG =N ol ==

File Calculation Report Graphics Extras Help
sH $EHE

General | Three gears, two paths | Four gears, two paths

System data Gear 1
Mormal module m- 0 mm Mumber of teeth z
Mormal pressure angle a- 0 @ Profile shift X
Helix angle B 0 = Gear 2
Basic rack addendum haP Number of teeth .
Required Clearance c 0 mm Profile shift x
Distance gear 1togear4 x4 0 mm
Gear 3
Orientation Left -
Mumber of teeth z
Profile shift X
Gear 4
Mumber of teeth z
Profile shift X
il [mim] vl [mm] x2 [mim] y2 [mm]
< | m | 3
Result averview g

This second module of the program allows a configuration of a symmetric system
with two different paths for transmitting the power composed of four gears each.
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7.1.3.1 System data
As for before at this section, common general data and settings for the whole gear
system can be introduced, such as:
e Normal module
e Normal pressure angle

e Helix angle

e Basicrack addendum: haP is the coefficient to define the addendum of the
standard basic rack tooth profile defined as addendum = haP *mn. This value is

normally equal to 1, thus being the addendum =mn.

e Required clearance: The required clearance is a restriction that sets a minimum
permissible distance between the tooth tips of unconnected gears to prevent
them from colliding with each other.

e Distance gear 1to gear 4: This distance is defined as the distance between the
gear centers of the gear 1and gear 4. Positive values will drag the center of gear
4 rightwards with respect to the center of gear 1.

e Orientation: The orientation can be selected as ‘Right’ or ‘Left’, which will

constrain the possible results to those configurations where the an

gearis
restricted to maintaining its position either on the left or the right side of the

rd

gear, as shown below:

center line between the 1St and 3

Orientation: Left Orientation: Right

7.2 Results

Results are provided as a small result overview directly in the software, a main PDF
text report, a tolerances report and separate graphic windows. Graphic windows
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can be docked onto the main program interface and are automatically updated on
each calculation.

Wl [mm] yl[mm] x2[mm]  y2[mm] 53 [mm] y3[mm] x[mm] 4 [mm] cMin [mm] Result 1
o o0 171074 146146 396374 39,3585 20 0 2,22024
[ 153923 164111 660614 403343 20 0 582229
[ 134067 180696 945352 L1706 20 0 913016 =
[ 111271 19556 125316 418387 20 0 11,2395
[ -g51245 208276 158838 423002 20 0 126907
[ 540l 218224 195951 424%81 20 0 14,4522
[ 182268 224261 238T48 42323 20 0 16,5926
0o 0 340671 222406 296503 413854 20 0 17,4812
0o 0 1032 199937 365901 391282 20 0 12,9874
‘u 0 131398 182646 389175 380576 20 0 95292 <

« n 3

Result 5 Result 10 Result 15

Gear ratio i 6 Number of restits n 16 E g g

Result overview & | |Result 5 8 X Result 10 & X Resuti5 & x
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