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U ovom diplomskom radu su ukratko razmotreni tipovi vjetroagregata i njihove karakteristike,

WH QMLKRY QDpLQ UDGD 1DNRQ WRJD MH GDQ SULND] WLS|
JUDYD L GHILQ L Hiijendsnk& Denfihdw® pr€dhdsti i nedostaci. Nakon toga je
SULND]DQ SURUDPXQ NLQHPDWLNH SODQHWDUQLK SULMHQR
6ROLG:RUNV 2GDEUDQ MH EURM SODQHWDUQLK ]XSpDQLN
SURUDpPpXYDWKSYWOQLFL QD QRVLYRVW ERND L NRULMHQD ]
QXPHULpPND DQDOL]D PHWRGRP NRQDpPQLK HOHPHQDWD X S|
QDSUDYOMHQ SURUDPpXQ RVWDOLK VWURMQLK HOHPHQDW
programskompaketu SolidWorks NRMD VH VDVWRML RG JODYQRJ VNOR:
FUWHAD QHVWDQGDUGQLK GLMHORYD

. O M X b Q Hjetraalgrépptl-planetarni prijenosnikl XSpDQLFL

Fakultet strojarstva i brodogradnje Xl
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SUMMARY

In this thesis wind turbines will be elaborated, along with their charsints andworking
conditions. After that, display of planetary gearboxes they use is gdemeral overview,
structure and definition followsJong with their advantages and disadvantages. After that, there
is kinematics calculation shown, done using literature, as well as the software package
SolidWorks. Next is the selection of the number of planetary gears, gear dimension calculation
and albwable load, calculated depending on the load of the gerrmat and gear tooth flank.

After that, numerical analysis using finite element method is done, using software Abaqus. At
the end, there is calculation of the rest of the machine elementedmmical documentation
drawn using software SolidWorks, that consists of global assembly drawing and drawings of

nonstandard components.

Key words wind turbine, planetary gearbogears
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1. UvOD

1.1. Vjetroagregat

1.1 2SUHQLWR R YMHWURDJUHJDWLPD

OMHWURDJUHJDW MH URWLUDMXUOL VWURM NRML YUAaAL SUH
HQHUJLMX D |]DWLP SXWHP HOHNWULPQLK JHQHUDWRUD X |
YMHWURWXUELQH HQRWRVURHOHQAMUDJHQRD LVWRP YUDWLO)>
NRULVWH MRa L QD]JLYL Y M HaN WtRaW sUUCEdij€)odi dd Rojiv Ide/¢asjd H Q H U
vjetroagregat. Vjetroagregati koriste energiju vjetra, koja se ubraja u obnovljive izvaggesner
BURL]YRGH VH UD]OLpLWL WLSRYL YMHWURDJUHJDWD VD
1DMPDQML YMHWURDJUHJDWL QDOD]JH SULPMHQX NRG SXQ
kamp SULNROLFD 1H&WR YHUL VH NRULVWAH NR UIDURLWYRED MER
QDMYHUL SRVWDMX VYH YDAQLML L]YRU HOHNWULpPQH HQHU
6YH YL&AH GUAaDYD YLGL RYDM L]JYRU HQHUJLMH NDR DOW
pokazuju da vjetar kao izvor energije ima na@M X UHODWLYQX HPLVLMX VWD
QDMPDQMH ]DKWMHYH |DQBRIRIRIMAIMREMYRGHXEWYHQL XW
IRWRQDSRQVNH UHOLMH JHRWHUPDOQH L KLGURHOHNWUD C

Slika 1. Prikaz vjetroelektrane

Fakultet strojarstva i brodogradnje 1
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1.1.2. Tipovi vjetroagregata

Vjetroagregati mogurotirati oko horizontalne ili vertikalne osiTipovi s rotacijom oko
KRULIRQWDOQH RVL VX VWDULML L pHaduL X XSRWUHEL GRN
upotrebi i proizvode manjwWw QDJX 7DNRyYyHU SRVWRML SRGMHOD RYLV(

postoje vjetroagregati s lopaticama (prozirnima ili ne) i bez lopatica.

1.1.2.1 Vjetroagregati s horizontalnom osi rotacije

Vjetroagregati s horizontalnom osi rotacieP DM X JODYQR YUDWLOR URWRUD L
vrhu tornja i moraju biti okrenuti prema vjetru. Manje izvedheaju jednostavnu lopaticu koja

LK IDNUHUH GRN YHUOUL LPDMX VHQ]RU ]D YMHWDU VSRMHQ
koji pretvaraSRUX URWDFLMX ORSDWLFX X EUAX URWDFLMX NRMI
JHQHUDWRUD 2YDM WLS YMHWURDJUHJDWD VH QDMpH&UH N
VH SRYHUDYDMX L] JRGLQH X JRGLQH ]JERJ YHAG@HNRBRBR WIODDIN
EUJLQRP RG GR RNUHWDMD X PLQXWL 9HUH EU]JLQH URYV
lopatica. Osim izvedbi s multiplikatorom, postoje i izvedbe s izravnim pogonom prstenastog
JHQHUDWRUD 6YL YMHWURDJUHYXWWDFEMBR L]%MHIDYRQQH-
YMHWURYD YHOLNLK EU]JLQD NDR &@8WR VX NRPQLFH LOL RNU

Slika 2. Prikaz vjetroagregata s horizontalnom osi vrtnje

Fakultet strojarstva i brodogradnje 2
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1.1.2.2. Vjetroagregati s vertikalnom osi otacije

Vjetroagregati svertikalnom osi rotacije imaju glavno vratilo rotora postavljeno vertikalno.

*ODYQD SUHGQRVW RYH L]YHGEH MH WR aWR YMHWURDJUHJ
XPpLQNRYLW &@WR MH YUOR ELWQR MHDURRGYUKIBW UPD "W SIIREM
MH WR aWR HOHNWULpPQL JHQHUDWRU L PXOWLSOLNDWRU |
NRULVWLWL GLUHNWQL SRIJRQ VYH GR PXOWLSOLNDWRUD |
RGUADYDQMD S5MHBEBRYXWRIPSKRWR FSEJIRL]YRGH PDQMX VQDJ>
brzinu vrtneL PDQML PRPHQW WRU]JLMH SD MH SRWUHEDQ VNXS
HQHUJHWVNX HILNDVQRVW 1DMpHauX SULPMHQX QDOD]H NF
zbogtogagdWR ]JUDGH SUHXVPMHUDYDMX YMHWDU SUHPD VYRP
ORSDWLFH YMHWURDJUHJDWD PRA&H pDN XGYRVWUXpPpLWL X \

Slika 3. Prikaz vjetroagregata s vertikalnom osi vrinje
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1.1.3. Konstrukcija vjetroagregata

*RWRYR VYL YMHWURDJUHJDWL RPQDHORIMHPLH RG YVOOGHEHE Ul
slici 4.

Temelj

9H]D V HOHNWULpPQRP PUHARP

Toranj

Pristupne ljestve

a M w0 N oRE

Rotacija ovisna 0 smjeru

vjetra
6. . XuL&WH
7. (OHNWULpQL JHQHUDWRU
8. Anemometar
9

(OHNWULIPQ PHKDQLpPND
NRpPpQLFD

10. Multiplikator
11.Lopatice rotora
12.Kontrola nagiba lopatice

13. y YRULAWH URWRUD

Slika 4. Prikaz dijelova vjetroagregata
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1.2. Planetarni prijenosnici

OHKDQLpPNL SULMHQRYV

OHKDQLPNL $rijendéMQRYDMIHOL JLEDQMD V SRIJRQVNRJ GLMHOD
PHKDQLpPNRJ VNORSD NRML VH QD]JLYD SULMHQRVQLN 3ULM
bODQD NRML URWLUDMX D SULMHQRV VH RVWYDUXMH QMLK
rHPHQRP XAHWRP ODQFHP L VOLpPQR 5D]OLPLWH EUJLQH Y
PODQRYD =ERJ WRJD MH JODYQR RELOMH&MH PHKDQLpNRJ
EUJILQH YUWQMH SRJRQVNRJ L JRQMH QRdjduénPoizida viiljeR MH S
VH VPDQMXMH D JDNUHWQL PRPHQW VH SRYHUDYD SD VH V
SULMHQRVQL RPMHU PDQML RG MHGDQ SULMHQRVQLN VH

JRQMHQL pODQ VLOD VH PREMN BRHPQRYX MOLMBHRIPD ORI DB/ Q
UHPHQVNRP LOL ODQp WVQRIDIBHPMNRRVXVOXpDMX WDUQRJ L

2SUHQLWR R SODQHWDUQLP SULMHQRVQLFLPD

30DQHWDUQL SULMHQRYV MH YUVWD ]XSp Dp@jerodldtvasije LMHQR
WDNR GD PX EDUHQ MHGDQ pODQ SODQHWDUQL pODQ RVL
SRVOMHGQMLP GHVHWOMHULPD GR&A0OR MH GR YHOLNRJ QI
LIYHGEL ]XSpDQLpNIVKL BR ¥ RMERBUXBNB QH SRVWDMH VYH &LLU
QDOD]JLPR X VOMHGHULP SULPMHQDPD

0 Mobilna postrojenjatautomobili, brodovi, avioni
0 Stacionarna postrojenjaturbinski prijenosnici, kompresori
0o 2SuD VWURMRJUDGQMD

2SUHQLWR VH PRAH UHUL RV VHL SNORDUQLWWHIUWD PRIURMEB® MH ¢
YHULK VQDJD L EU]LQD X] @aWR PDQML YROXPHQ L WHALQX
VH WR RVWYDUXMH JUDQDQMHP VQDJH QD YLAH SODQHWDU
smanjenje bukeNa slici 5. prikazan je primjer planetarnog prijenosnika.
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Slika 5. Primjer planetarnog prijenosnika

1.2.3. Prednosti planetarnih prijenosnika

8 SUHGQRVWL SODQHWDUQLK SULMHQRVQLND PRAHPR QDEU
o 9HUL VWXSDQM LWRRIDLAWR MDGIEFRRYQDJH SUHQRVL YDC
o .RPSDNWQD FLOLQGULpPQD NRQVWUXNFLMD
o ORJXUQRVW QDVDGQH L]YHGEH JERJ NRDNVLMDOQRVWL

o

Veliki prijenosni omjer u jednom stupnju
o 9HOLN EURM NRPELQDFLMD SULMHQRVQRJ &BiikhUD NRP |
ORJXUQRVW L]YHGEH PMHQMDpPpD VD VNRNRYLWRP SURPI

(@)

(@)

ORIJXUQRVW XEDFLYDQMD GUXJH YUVWH SULMHQRVQLNLEL

omjera
o 6PDQMHQMH YDQMVNLK GLQDPLpPpNLK VLOD SRPRUX HOD
o ORIXRQW GLIHUHQFLMDOQH L]YHGEH V YLaAH VWXSQMHY
0 ORIJXUQRVW XOHALAWHQMD FHQWUDOQLK ]XSpDQLND X ¢
0 ORIJXUQRVW NRPELQDFLMD V GUXJLP YUVWDPD SULMHQF

Fakultet strojarstva i brodogradnje 6
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1.2.4. Nedostaci planetarnih prijenosnika

o Kompleksna konstrukcija

o VelkbroM GLMHORYD SD MH L YHUD YMHURMDWQRVW R&W!
o SHODWLYQR YHUD FLMHQD

0 Manji volumen ulja za podmazivanje umakanjem

o .RPSOLFLUDQLMD L]JUDGD NRQWUROD RGUADYDQMH L L

parametre

o Pojava centrifugalnih sila koje posebnoBpy Hi XM X OHADMHYH

*UDYD L GHILQLFLMD SODQHWDUQLK SULMHQR

8 VNXSLQX SODQHWDUQLK SULMHQRVQLND XEUDMDPR SULNM
JLEDQMD RNR YODVWLWH RVL L]YRGL L JLEDQMH RNR QHN]|
SODQHWDUQL SULMHQRVQLFL VH VDVWRMH RG QDMPDQMH W
D WR QLNDNR QH VPLMH ELWL SODQHWDUQL pODQ

Slika6 *UDyD SODQHWDUQRJ SULMHQRVQLND
9HULQD MHGQRVWDYQLK SODERAWDVKYLRGSOGYWMHRRYQIUNID Q
]IXSPpDQLND NRML VX QD VOLFL RIQDpHQL VORYRP 6 MHG
QD VOLFL R]IQDpHQ VORYRP 3 NRML VH QDOD]H QD QRVDpX
]QDPpDMND VYDNRJ B HKDe@INDE prijeisobnikd [2 Btupanj slobode gibanja, koji
R]QDpDYD EURM SR]QDWLK QH]DYLVQLK SDUDPHWDUD JLI
SULMHQRVQLND MHGQR]QDpQR RGUHYHQR .RG MHGQRVWDY
ido2,dokk)G VORAHQLK SULMHQRVQLND RQ PRAH L]QRVLWL L Y

Fakultet strojarstva i brodogradnje 7




Mateo Vugrinec Diplomski rad

1.3. Primjena planetarnih prijenosnika u vjetroagregatima

Prijenosnici se kod vjetroagregata koriste matvorbu male brzine i velikog zakretnog

momenta vjetroturbine u veliku brzinu koja je potrebadHQHUDWRUX NRML SUHWYL
HQHUJLMX X HOHNWULpPpQX G5D]PDWUDMXUL JODYQL ]DGDV
SULMHQRVQLFL YMHWURDJUHJDWD PRJX VH SRGLMHOLWL X

o Standardni prijenosnicikonstantna pretvorba ulaznog momenta irteai izlazne
0 3ULMHQRVQLFL V RJUDQLpD ¥P R N<HI KR RIVNDDHL ¥ EPREBHOAVRIP H Q \
zakretnog momenta

0 CVT prijenosnici zkontroliraju izlazni zakretni moment i brzinu vitn® RGUHYHQRP

rasponu

% X G X frijer@®$&hici moraju imati samo jedattuD] VQDJH NDR L VDPR MHGDQ L]
YMHWURDJUHJDWD NRULVWL MHGQX RG VOMHGHUH GYLMH N

o0 7TURVWXSDQMVNL ]XSpDQLpNL SULMHQRVQLN V YDQMVN|
0 Prikaz prijenosnika na slici 7.
o Primjena kod generatora manjih kapaciteta

o PrijenosniRPMHU VYDNRJ VWXSQMD RGUHYHQ MH RPMH

odnosno omjerom broja zubi

Slika 7. Prikaz trostupanjskog zuppD QLpNRJ SULMHQRVQLND
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o Prijenosnik s jednim planetarnim i dva paralelna stupnja
o Prikaz prijenosnika nalici 8.
o 3ULPMHQD NRG JHQHUDWRUD YHULK NDSDFLWHWD
o 1DMpH&UH PLUXMH YDQMVNL SUVWHQ SULMHQRVQLD

Slika 8. Prikaz prijenosnika s jednim planetarnim i dva paralelna stupnja
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2. KINEMATIKA PLANETARNIH PRIJENOSNIKA

5D]OLNXMH VH YL3H QDpLQD UMHADYDQMD NLQHPDWVNLK
QDMUDELUHQLMH VX JUDILpNGYRNMWMRIBDDOUWRPNMNVPHEWR X L.
L PHWRGD VXSHUSR]JLFLMH JLEDQMD N.FOMdR iVHH BMLR\EL QDR U Y W
DQDOLWLpPND PHWRGD ¥XSHDORFLFLMWXPLED QBLDV UH R]QD}

prikazano na slici 9.

Slika 9. Shematski prikaz planetarnog prijenosnika

8 SUYRP JLEDQMX VH FLM H OokreYaXW/smjpr gibamjelkeizalike 2 skt G D Q

odnosno u pozitivnom smjeru gibanja, tj. za +1 okreta.

1DNRQ WRJD X GUXJRP JLEDQMX YUDUDPR ]XSpDQLN X
]JDGUADYDPR UXpLFX SODQHWDUQRJ SULMHQRWGIj&MD 5 8 W
izvesti gibanja prikazana u tablici 1.

=EUDMDQMHP SUYRJ L GUXJRJ JLEDQMD YLGLPR NROLNR UH
5 RNUHQH |D RNUHWDM D J]XSpDQLN QDSUDYL XNXSQR F
8 WUHUHP JLEDQMX NRMH.E B QWHP HEDWILH © RoKBtSd BRaBtail X Q
pODQRYL SULVLOMHQL VX JLEDWL VH NDNR MH SULND]DQR \
8 I DGQMHP pHWYUWRP JLEDQMX WHPHOMHQRP QD VXPL SU
brzinu+me D RVWDOL pODQRYL zhhdtBovcdmMH NDNR MH SULND

=EUDMDQMHP WUHUHJGRELHDPBWRIUBIQEMWHMD]UD]H RGQRV
JLEDQMD VYLK pODQRYD SODQHWDUQRJ SULMHQRVQLND

Fakultet strojarstva i brodogradnje 10
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Br. =XSpDQC =XSpDQLN =XSpPBQLN | 5XpLF
gibanja (z1) (z2) (z3) (R)
1 Es Es Es Es
\§ e\
= = L=
2 Fs % % @iz Vi r
™.2) r s ET\E S ET\i Es
3 EJS Fl\z ®]5 Fl\i ®]5 I
. r ISET\2p®]E |sET\§p®le EJe

Tablica 1. Kinematska analizaplanetarnog prijenosnika

, ] WDEOLFH SURL]OD]H VOMHGHUL L]JUD]JL ]D EU]JLQH Y
prijenosnika:
Js L Juig
\5 \5
Jo L F= R EISE—p®
6 VA \ép E
\5 \5

J;LF=®R5EISE—p®gLTr

7 VA Wp E

Je L Jegl twlE J°

Da bi planetarni prijenosni¥ OXaLR NDR PXOWLSOLNDWRU XOD]QD EU]L(

YMHWURDJUHJDWD D L]OD]QD EU]JLQD YUWQMH MH RQGD E

ukupan prijenosni omjer planetarnog prijenosnika:
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3.3525%$y81 =8ANIKA

3 2GDELU EURMD SODQHWDUQLK ]XSpDQLND

SULMH SRpHWND SURUDpPXQD ]XSpDQLND SODQHWDUQRJ ¢
SODQHWDUQLK [XSpDQLND NRML URWERRDX XS RRR VRWHGR & CH

KissSoft, napravljena je analiza %WiQRVWL AaLULQH ]XSpPDQLND R EURMX S
QDpLQ GD VH EURM ]XERL $§RPR\CLAGERHWAQR M HBGWDNR QDSUH]!

Rezultat analize nalazi se slici 10.

= 400
D
— 350
;‘ \\
300
\g ® —
%, 250
200
>
Yy 150
© 100
50
0
2 3 4 5

E}i %0 v § EV]Z 1% v]l

Slikal0 3ULND] RYLVQMPWQEND IRREUYRMX SODQHWDUQLK ]XS

Iz slike1l0 ]DNOMXpXMH VH GD VH V SRYHUDQMHP EURMD SODC
ALULQD QH]QDWIQR LMHH VHPNDROQMRAAMNL RSUDYGDQR SRYHUDQM]
SRYHUDYDMX WURANRYL SURL]Y R Gpa blstoga Bdhbi AptartarRaY L Q D

]XSpDQLND
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3.2. Odabir broja zubi

Prijenosni omjer planetarnih prijenosnika koji se korksté prijenosa snage u vjetroagregatima
QDMpHAaUH L]IQRVH RG GR SD VH ELUD SULMHQRVL RPMHL

EpL vav

Iz toga proizlazi izraz za brzinu vrtnje na izlazu iz prijenosnika:

I L L Ep®gpgl vav@wL sstavIEJ® L Jg

%XGXUL GD YDQ Mriilje, pXj& prije@dvaNbriine vitne M HGQDND QXOL PR:
odrediti standardni prijenosni omjer planetarnog prijenosnika:

. JFJe sstwFtw )
L L L Fudv
& FJe tw

$NR RGDEHUHPR EURM ]XEL VUHGLAQMHJ ]XSPDQLND
VL tt

Izraz za standardni prijenosni omjerpedtupanjskog planetarnog prijenosnika je:

GLF Q)

,] SUHWKRGQRJ L]JUD]D VOLMHGL L]UD] |]D EURM ]XEL YDQMYV
VL E®LL uav@&t L yy

2GDEUDQ MH EURM ]XEL YDQMVNRJ ] XSpDQLND V XQXWDUQNM
VLyz

OdabLU EURMD ]XEL SODQRWDHYPRMHXIPDRXNDHWD NRDNVLMI

F zF tt
\éL\/]t\éLyt Ltz

6DGD VH NRULJLUDMX VOMHGHUH YULMHGQRVWL GD EL VH S

tz yz
ELFT\E WLFH%LFUMVWV

JbL:sFE ®gL :sEuawvw®wL ss&uxEJ®
5 SSWUX

J
L— L L vavvwyv
o Je tw
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33 3URUDpPXQ VQDJD

.RG DQDOL]H VQDJD NRMH VH SUHQRVH SRWUHEQR MH YRGL
VQDJH ]QDpL GD VH QD WRP GLMHOX VQDJD GRYRGL D QH:

odwvodi s tog dijela. Analiza snaga prikazana je na slici 1

2 EJ E6

RFE®s | L o
2» SFE :S E@F&h s
2, EJ., FE @& @&

Slika 11. Analiza snaga planetarnog prijenosnika

Zadatkom su zadane brzine vrtujetroagregata i ulazna snaga koje iznose:
J, L twlEJ®
2, Ls/9

80D]QL RNUHWQL PRPHQW X WRP VOXpDMX L]QRVL

2, I_srrrrrr
t & @), L AW
(e

6, L

Luzs{yax0l

Fakultet strojarstva i brodogradnje 14
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Za daljnju analizu snaga, potreban nam je stupanj iskoristivosti standardnog pijerkagin
iZznosi:

R L RIe@, @ Lrd{"@d{’ @d{w L rdsux

gdje suRsgi R VWXSQMHYL GMHORYDQMD S R\t Qjelsvagi® URY D ]
SRMHGLQRJ YDOMQRJ OHADMD

6WDQGDUGQL SULMHQRVQL RPMHU SODRGWDIHDRYU SWQRMLQ R

G L Fuadvwwyv

Okretni moment na izlazu iz planetarnog prijenosnika iznosi:

6 L

F6, Fuzs{yax LE 0l
SFE®& SEuadvwvw®&4§sux {rsryy

Brzina vrtnje izlaznog vratila iznosi:

J LI Lss&uXEJ®

%XGXuL GD Y DQ Mire, njegSva Dr@inaNrthje je:
J,LrEJ®

3ULSDGQL PRPHQW NRMLP MH SRWUHEQR ]DGUADYDWL ]XSp
6,L FE®&% ®& L Fulvwvw®& dsuxg{rsrydy L Ft{szx4t Ol

Snaga na vratilima kod planetarnih prijenosnika dgelna dva dijela:
X Pw z] X @ifra snaga

X Pk tVSRMQLpPND VQDJD

2SUHQLWR PRA&HPR UHUL GD X WRP VOXpDMX YULMHGL L]UD]
2L 2 E2

Fakultet strojarstva i brodogradnje 15
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Snage na vratilu B iznose:

25, LIt@®J, FJl; @B, Lt @RIWF tw, Ruzs{ydxL r9

tw
2, Lt @KW @ Lt @@X—r@zs{yést s/9

Ukupna snga na vratilu B iznosi:

2, L2, E2i,LIrEsLs/9

Snage na vratilu C iznose:

tw
2y, Lt @RI, FI &G, Lt @&Ar F7rp®Ft{szx&t; Lyxvss¥z9

tw
2, Lt @K ®,Lt @@X—r@)Ft{szx&t; L Fyxvssyz/9

Ukupna snaga na vratilu C iznosi:

2, L 25, E 2., L yxvssyzFyxvssyzLr 9

=D RGUHYLYDQMH VQDJH QD L]OD]X SODQHWDUQRJ

SULM

LVNRULVWLYRVW NRMD VH RGUHYXMH L] VOMHGHUHJ L]JUD]L

SFIZ®& SErdsuxiuavvwy
- Lrdutx
SsFE SEuavvwyv

BL

Ukupna snaga na vratilu A iznosi:

2 LR®F2,; Lrdutx®Fs; L Frdutx/9

6SRMQLPND L ]XSpDQD VQDJD QD YUDWLOX $ X WRP VOXpDM

tw
20 Lt @R ® Lt ®®X—r®F{rsr)éy; L Ftuw{rdaz9

250 L 2 F 20 L FX{xx{&t9
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34 5SMHGAHQMH NLQHPDWLNH X SURJUDPVNRP SDNHW

SRPRUXVEBRIEBROLG:RUNV ORWLRQ SURJUDPVNRJ SDNHWD 6F
YUWQMH SODQHWDUQRJ SULMHQRVQLND .RUL&WHQL PRG
prijenosnika prikazan je na slic2l

Slikal2 ORGHO |]D SURUWBRHXQ NLQHP

=D L]JUDPpXQ L]OD]QH EU]JLQH YUWQMH NRUL&AWHQL VX VOMHC
X Vanjski prsten je fiksiran (nema vrtnje)

x 80D]QD EUJLQD YUWQMH QD YRGLOLFL SODQHWDUQLK ]

Fakultet strojarstva i brodogradnje 17
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Kao rezultat simulacije vrtnje u programskom pak@&R OLG:RUNV GRELYHQ MH V
EUJLQD YUWQMH FHQWUDOQRJ ]XSpDQLND PlavorrR®b®LFH V
SULND]DQD MH EU]JLQD YUWQMH FHQWUDOQRJ ]XSpDQLND V
je prikazana brzina vrtnje vodilice sglaBHWDUQLP ]| XSpDQLFLPD

Slikal3 %U]JLQH YUWQMH SRMHGIaQLK pODQRYD SULMH{

$NR VH SUHWKRGQR L]UDpXQDWH EU]JLQH YUWQMH SUHWY
GRELYDPR VOMHGHUH YULMHGQRVWL

tw.
J, LtwlEJ® L?rqurlL swrg?®

SS XU X. .
Uuxrl xzssxO>

b Lss@wxdEJSL

8VSRUHGERP LJUDPpXQDWLK YULMHGQRVWL EU]JLQD YUWQMI
SDNHWRP 6ROLG:RUNV |J]DNOMXpXMH VH GD VH YULMHGQRV!
SURUDPXQX

Fakultet strojarstva i brodogradnje 18
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350 MHQWDFLMVNL SURUDpPXQ PRGXOD

1D VOLFL SULND]DQD MH VKHPD R]QDpDYDQMD RGQRVQR

Slikal4 6KHPD QXPHULUDQMD ]XSpDQLND
ORGXO ]XSpDQLND VH RGUHYyXMH ]D SRMHGLQH t@MDIURYH ]X
]IXSpDQLFL LVWRYUHPHQR X |IDKYDWX V GYD ]XSpDQLND PR
PMHURGDYQL PRGXO ELWL RGDEUDQ YHUL RG GYD L]JUDpX¢
NDOMHQL pMo?6,a sefidtdglrazloga orijentacijski modlbdJ HYy XMH SUHPD VOM|I
izrazuSRPRUX pYUVWRUH X NRULMHQX ]XED SRJRQVNRJ ]XSpDC

L 1@

'R VEA®E, ¢

®,®8 ®,

351. 2ULMHQWDFLMVNL SURUDpPpXQ ZRGXOD SDUD ]XS

2ULMHQWDFLMVNL PRGHOR®USIHYMMSHHD QL NDUD]D

t ®; It Atwitxt

/..
'seR \é@&@éE@d@ ®. L tt RWR z XXy

R4 B L zax{Al

JGMH VX SUHGUDpPpXQVNH tvdJL M8 G,QRYWDNWNRWRAADIWI H ] XED

2NUHWQL PRPHQWIiZ@di:]XSpDQLNX ]

6 rsr
6 L—0 L{—VyiyL ttwtx@tol

gdMH MH EURM SOD@HWDUQLK ]XSpDQLND
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'RSXaWHQD YULMHGQRVW QAGUH]DQMD X NRULMHQX ]XED

. Léng vurLt .0
é E — ZXXYy—
¢E-p S&v TG

JGMH MH GLQDP L&MNR tqlea%éa@wemnakw sigurnos, L sav

3.5.2. Orijentacijskipr RUDpXQ PRGXOD SDU#f ] XSpDQLND ]

2ULMHQWDFLMVNL PRGHORDUSIHPYNMMSHPHD QL NDUD]D

t @ @@ 6, L L tosw

/
I R™———
o7 @@, tt @RWR z XX Yy

RABSL st&yv{l

JGMH VX SUHGUDpPXQVNH %L MEGQRYWDNDNRWRIADIW H ]XED
2NUHWQL PRPHQWIiZ@di:]XSpDQLNX ]

6, t{szxat i

JGMH MH EURM SODRQMHWDUQLK [ XSpDQLND
'RSXaAaWHQD YULMHGQRVW QDSUH]DQMD X NRULMHQX ]XED L’

gdiejeGLQDPLpND Lg @Mé\@mg—%yao\ztvubni faktor sigurnost, L sav

3.5.3. Odabrani modul

ORGXO ]D VYD ]XSpDQLND RGDELUH VH NDR QDMYHUL RG G°

izrazu:

| RefS& 568 g7=L o f Stux{&t&yVvfL stkyv{l

Odabran je standardni modul drugog stupnja prioriteta:

| Lsvll

Fakultet strojarstva i brodogradnje 20
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36 'LPHQJLMH ]XSpPDQLND

3.6.1. Pomak profila

‘D EL VH SRVWLJOD 4WR EROMH VYRMVWYD R]J]XEOMHQMD N
L ERNRYD ]XED SRYHUDQMRBROAMIADWD GMH NXNYIMWHDWDMNOL]DC

razmak sveo na standardi, potrebno je provesti pomak profila.

Osni razmak iznosi:

\, E tt Etz
=L I ®t—LSV®t—LUW"|

1DMEOLAL VWDQGDUGQL RVQL UD]JPDN MH RVQL UD]PDN WUF
= L uwwl

Da bi se osnrazmak mogao svesti na standardni osni razmak, potrebno je odrediti sumu
pomaka profila] XSpD QizA DNJRMD VH RGUHYXMH L] LJUD]D

FETLL:vEw GRFARY o LRSESFAR:
sET L MEM =T Z @Ot ayww

JGMH MH NXW ]DK@YDW@(WNI@@ Si@ KIOIAL tt &5

Zbroj pomaka profila] X S p D Q L2 teebp biti jednak po iznosu zbroju pomaka profila z
2o, ali suprotnog predznaka, pa on stoga iznosi:

TTET, L Fralyww

2GDEUDQ MH SRPDN SieRaNODWHIHLMX.RBWLPDOQRJ VSHFLIL]|
Ts Lrauy

6DGD VH PRJX RGUHGLWL L SRPDFL SURILOD SUHRVWDOLK ]
TeLraiywwTs LraaywwrduyL r&uzw
T, LFraywwTs L Frailywwr&uzw Fr&asv
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Mateo Vugrinec Diplomski rad

‘D EL UDVSRGMHOD QRVLYRVWLVENMGODG HW.RXEMBIMHNREB ULD V E

profila:
T6 ET7 Qr
rEuzwWrés\w Fraywor

Uvjet je zadovoljen.

3.6 SURPMHUL [XSpDQLND

7TMHPHQD JUDpPpQRVW SUHPD ,62 SUHSRUXFL LJQRVL
?2Lraw® L raw®&vL uavll

=XSpDm LN
Diobeni promjer:

@LI ®Lsv&t Lurzll

Tjemeni promjer:

@ L @QEt® ®SET;; LurzEt & v®sErduy L uvivll

Kinematski promijer:

L @er O urzelK0 | sw
@5 @’7KL(@ urz?KtCD us

Korijenski promjer:
@LQAFt® Et®;®& Ft®LurzFt &vEt @duy&vFt @av
Lty{&vll

Temeljni promjer:

@ L Qs @KD L ustw @KO&sL tz{&w I
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Mateo Vugrinec Diplomski rad

=XSpDxR LN
Diobeni promjer:

@LI ®Lsv&zLu{tll

Tjemeni promjer:

@ L QEt®@ RSETg; LU{tEt & VRSEr&uzwL vtuz zl|

Kinematski promijer:

KOU 2KO! )
@6'—@ 7KL@ U{t@mLU{ﬂ”

Korijenski promjer:
@L @Ft® Et®@;® Ft®LuU{tFt &vVEt @&uzwVvFt RQav

Luxi&zll

Temeljni promjer:

@ L Qs ®@KEQ L u{y®@KO&sL uxaxll

=XSpDRLN
Diobeni promjer:

@LI &L sv®zL sr{tll

Tjemeni promjer:

@;L@Ft®& RsSET,; Lsr{tFt &vR®sFrasyL srya{ll

Kinematski promijer:

U ?KO? "
Lsr{t®— L ssryll

@/ L @®&—= KOG

K
? K@
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Korijenski promjer:
@ L @Et® Ft@®;® Et®LsrtEt &VEt @& sWVEt Rdv

Lssvsu{ll

Temeljni promijer:

@ L@, KO LSSIK@KIO&SIL srtxdvll

.RQWUROD WMHPHQH JUDPpQRVWL
7MHPHQD JUDPQRVW+%DUD ]XSpDQLND ]

E uvkvEux&xz
26l = FEE@ | t L udvll

7MHPHQD JUDPQRVW+%DUD ]XSpDQLND ]

F sryal{Fuxi&z
?67|_@7—t@6|::é|_ Y {t Fuuw ugxll

OLQLPDOQD WMHPHQD JUDPQRVWL L]JQRVL

Qual r&t@ Lr&t&vL s&zll

7TMHPHQH JUDPpQRVWL RED SDUD ]JXSpDQLND YHUH VX RG PL
SD QLMH SRWUHEQR VNUDUHQMH WMHPHQD ]XSpDQLND

Fakultet strojarstva i brodogradnje 24
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Slikal5 3ULND] ]JDKYDWD+%XSpDQLND ]

Slkal6 3ULND] ]JDKYDWD+:XSpDQLND ]

Fakultet strojarstva i brodogradnje 25



Mateo Vugrinec Diplomski rad

37 8JUDGEHQL NULWHULML SODQHWDUQLK JXSpDQL

3.7.1. Kriterij koaksijalnosti

2VQL UD]PDFL SRMHGL Qiieognk& mbr@u iti &dalvaRidabo da se ostvari
koaksijalnostY UDWLOD FHQWUDOQLK ]XSpDQLND

Slika 17. Kriterij koaksijalnosti
Da bikriterf NRDNVLMDOQRVWL ELR | DGRYROMHQ RVQL UD]PDFL

odnosno mora vrijediti izraz:
=6l T67
$NR LJUDJLPR RVQH UD]PDNH SUHNR NLQHPDWVNLK SURPMH
@SE@GL@7F@6
t t

usia’vEu{;é(Lssr)é(Fu{)é&
t t

uww L uwwl

Kriterij koaksijalnosti je zadovoljen.
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Mateo Vugrinec

Diplomski rad

3.7.2. Kriterij susjednosti

.ULWHULM VXVMHGQRVWL RGQRVL VH QD EURM SODQHWDUQ
,]JPHyX GYD VXVMHGQD SODQHWDUQD JXSpDQLNIGKRKRUD SRV
QH EL GR30OL X GRGLU WMHPHQK PXNSWHOQRXD | XBM G IRWXRWXL

izrade prijenosnika i ne bi smio biti manji adl , gdje je m modul ozubljenja.

Slika 18. Kriterij susjednosti

, ] NULWHULMD VXVMHGQRVWL VOLMHGL LBUD] ]D PDNVLPDOC

e

0Q %%%EI
fr.. 5E@6A

e

0Q .  ~ U{tEsv A
[ @ sEEUA
0 Qvytyt

SUHWKRGQR MH YHU

zadovoljen.

RGDEUDQ &UR Na SOKDEiH sMdeonQstiK

Fakultet strojarstva i brodogradnje
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Mateo Vugrinec Diplomski rad

3.7.3. Kriterij sprezanja

.ULWHULM VSUH]DQMD RGQRVL ¥dj s©modt Udgraditi & Priaoshik ® U Q L K
JOHGLAWD LVSUDYQRJ VSUH]DQMD SODQHWDUQLK L FHQWU/

Slika 19. Kriterij sprezanja

Najman;ji ugradbeni kut iznosi:

uxrlL uxr?t
VEV ttEyz

Woal

Kut UNRG NRMHJ MH PRJXiD XJUDGQMD VOMHGHUHJ SODQHWLE
UL G@&J g4l {r?

i.>i

gdje je GL—C L 2®is

5 Ltw

,JUDPpXQDWR MGF GNHWH EDINRWR LEW R ]Q D pviplaBedarksl HX 8 RO R LN DX J U
SRG PHYXVREQUP:NXWHP R
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Mateo Vugrinec Diplomski rad

38. 7TROHUDQFLMH ]XSpDQLND

8QXWDU VWDQGDUGQRJ UD]JPDND RVL YUDWLOD PRUD ELWL
JUDPQRVW QD NLQHPDWVNRP SURPMHUX .UX&QD JUDPQRVW
RGVWXSDQMD UD]PDNUDWOQRVWOWIIOMHQU XA QD RED ]XSpD

otpada polovica.

Slika20 .UXaQD JUDpQRVW

3.8.1. Nazivna mjera preko nekoliko zubi

1DJLYQD PMHUD SUHNR QHNROLNR ]XEL ]D NRQWUROX JUDQ

koji se mogu mijeriti.

Slika 21. Nazivna mjera preko nekoliko zubi

Fakultet strojarstva i brodogradnje 29
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2GUHYyXMH VH L] VOMHGHUOHJ L]JUD]D
9 LI @KORE®\W Fray EVRARHBt @GP C;U
gdieje PMHUQL EURM ]XEL QDJLYQH L]JPMHUH RGUHYHQ L] L]U

t M@ CU |
% L= ®PQFARLF—eErav

v agAag— A

?2KOU

PCLL POUE

=XSpDQLN
9; L1 @KORE®RWLsFrayEV@®RHBt @5 @ C;U
LsvEPKiO!®e®uFréa, Ett BARI'Et @&uy®° Cr;

Lsr{gsll
\L . _t@®;@&®CU |,  tt ) t @duyeP €rt
Vs L ®@PCs FARIF—— ErdvL— @raixy W AR F 3
Lt&s\ u
) ®RGSA '\EéTS'A ) ®é) yA@@CSEréuyA
5 . ‘ ) )
PCsL PEUE KO L P&rtlE KD Lraixyw
=XSpDRQLN
9: L1 @KORE®WgFray EV(,GARB!t @ @& C;U
LsvEPKiO!®e®vFravEtzRARIIEt @& uz W Cr,
Lswayll
\§ R L t@®z@&CU
tz . t@&&Suz@P Cr? .
L—é RraxwB ARrt; F 5 Lua{\ v
) vA T6A ) V@auzx\/@@Erauzw
., S 1 2
PGgL PEUE 7KOU L P&XriE TR Lraixws
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=XSpDRLN

9,L 1 @®KORE®WL,Fré EVVGARHBLt @, @G C;U
LsvEPKiO!®Re®{ Fra' EyzGARr'Ft @ & swP Cr 1,
Lsr{dsll

\v4 . . t®&L,&@®CU yz
®PQ7FAR;LF—éEravL—é®raunFARr1;E

t @&V SEP Crt
a :

e

7 L
L z&z\ {

ET 4
o . VERIAGSIA vaddWneg F I sK
PEOUE L_ L PO&rlE y y
?KOU ? Kt®1

PG L Lraxuy

38.2.1zbor NUX&QH JUDPQRVWL

2ULMHQWDFLMVND YHOLPLQD NUX&QH JUDPQRVWL ]D ]XSpD¢

m=14 mm:
GoelL wxmal

RoaLl uyral

38 ,JERU JUDQLPQLK RGVWXSDQMD UD]PDND RVL Y

=D NYDOLWHWX REUDGH ]Xr&tjelaGBB6Dnm: L UD]PDN RVL
#ogo L t{ &l

Hos L FL{ Al

2VQL UD]JPDN V RE]JLURP QD JUDQLpPpQD RGVWXSDQMD L]JQR\
=Luwwrat{ 1l
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Mateo Vugrinec Diplomski rad

3.8 *UDQLpQD RGVWXSDQMD GHEOMLQH ]XEL

Za modul m = 14 mm, diobene promjere=d308 mm, d= 392 mm, d= 1092 mm i kvalitetu
]I XSpPDQLND RGDEUDQR MH

#ssq9 L Ftsxal
#asax L Futval
#seq L Fttv al
#seax L Fuu»al
#a74 L Ftvzal

#é7é< L Fuytal

3.8.5. Izbor dozvoljenih odstupanja

Za modul m = 14 mm, diobene promjere=d308 mm, d= 392 mm, d= 1092 mm i kvalitetu
]IXSpPDQLND RGDEUDQR MH

6L tszal
63" ttwal
6L tvxal

'D EL VH L]JEMHJOR ]DJODYOMLYDQMH ]XED R ]XE ]XSpDQLND
uvjeti:

RuscPt ®@6EEGL @ C Lt ®@tszEttw, @ €&t &si uxral
Rus7Pt ®6LEGI @G Lt ®ttwEtvx @ Et&SL uzual

3.8.6. Kontrola

) #osy E #Ha o) ) R FtsxF ttv -
%U&GLFTwEt@%@P%LFWFt@{@Pﬂas
L vvwal
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Hosa E Hapx . FutvF uux )
L ytxal
Eoe L Freo0 M o o | VPV e pass:
aU87 2KOU ca @ G ? Kt@? { &S
Lvy{al
Haga E #a74 . Fuuxuyt
Ros7L Froot S Et @y @G L F— o F L @{ @O &5
L yyyal

3.8 2VWYDUHQD VUHGQMD YULMHGQRVW NUXaQH ]

RuseERoss, VVVEYYX

el n L n Lwzwl
Eus EEa: vy {E
, aumt a0®7| y{t yny X tz4l

3.9. Kontrola naprezanja
39.1. Kontrola QDSUH]DQMD [XSp®QRJ SDUD ]

3.9.1.1. Kontrola naprezanjau korijenu zuba
Naprezanje u korijenu zubpX S p D Q R 4 #2.lirdsi: |

éc-’ L >(§ ®<" ®] ® ®» ®1/2i®° ®.|. ®(', ®(',

suvvi{&v

—— —— BIAUR BBE B IWSISBEBIWS L sz@&
tX W& v

I
16

7DQJHQFLMDOQD \Wiz8Bi: QD ]XSPpDQLNX ]

L t @ t &vrudés
® "0 @A AGTEY:,

(

L suvvi{gvo

Fakultet strojarstva i brodogradnje 33



Mateo Vugrinec Diplomski rad

=D IDNWRUH XWMHFDMD RGUHYHQH VX VOMHGHUH YULMHGQ
,. Ls&u

qLt

; Ls

'RSXAWHQR QDSUH]D Q Mzhu kXi@hDzQa:] SDUD ]

& By i VUr& & 4rx
608 Bl g, @eaodn L 74

5(-’30;;1 S&

é el

@4{y@qwymds

Lvzuat

1 6

'LQDPLPND L]GU&OMLY R&iWinmaDilpbtidbni fakict kiGURosti iznose:

. 0
€ rud vur—II 5

5 aua S&
=D IDNWRUH XWMKXRPDOMDHBEUHYMHOQHMHGQRVWL
qi Lt

ci Lrdrx

;agel rd{y

eagcl rdwy

nLrds

Naprezanje u korijenu zubpX SpD QLN MH PDQMH RG GRSXaAWHQRJ QDSUF
PDWHULMDO L JHRPHWULMD ]XSpDQLND ]JDGRYROMDYDMX SL
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Mateo Vugrinec Diplomski rad

3.9.1.2.Hertzov kontaktni pritisak u bokovima zuba

1IDSUH]DQMH X ERNRYLPD %EMsiXSPDQRJI SDUD ]

(s QeEs
@e" Q,

LsdatQRaxBza@s®@dr{&

6i L < By By, & & ® B B ®i ®4

_ suvv{e’yvbséytyEs
urz&xw sayty

0
BAWBas Bavt& L {z>qiwm3

7DQJHQFLMDOQD \Wiz8Bi: QD ]XSpDQLNX ]

(s Lsuvv{gvo

3DUFLMDOQL SULMHQRM@hoRPMHU ]XSpDQLND ]

6 tz

=D IDNWRUH XWMHFDMD RGUHYHQH VX VOMHGHUH YULMHGQ
<, L sat
<z L tax

)

<, L SZ{éST

< Lrdr{
< Ls

-o L saw
-i L s&s
-4 L savt

-Ai Ls
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'RSXAWHQR QDSUH]D Q Mzbu ki@hDzQia:) SDUD |

és @<¢ SWr®&dux
& L% &g B B Bp L—Sé @4t W@ {VE &
AaUa
L sux#@t

Il 6

'LQDPLpPpND L]G U a8avNiMoR&i\Minmkhlilpdk@bni faktor sigurnosti iznose:
0

éABUg_SWH”—G

dhiaval s

=D IDNWRUH XWMHFDMD RGUHYHQH VX VOMHGHUH YULMHGQ
<ci L rdux

<z L sat

< L rdw{

<¢ L rd{v

< Ls

< Ls

Naprezanje bbokuzuba ] XS p D Q LH[e panMH RG GRSXaAaWHQRJ QDSUH]DQ
PDWHULMDO L JHRPHWULMD ]XSpDQLND [DGRYROMDYDMX SL

392 .RQWUROD QDSUH]DQM#: |XSPDQRJ SDUD ]

3.9.2.1. Kontrola naprezanja u korijenu zuba

1DSUH]DQMH X NRULMH QXtz}¢m8: ]XSpPDQRJ SDUD ]

e

6 Lso

®<', ®| ® ®» ®1/2i®° <I-\B.l. ®(‘, ®(‘,

suvv{®&v
L &

. . . . .0
X v @am@av@@@@éw@as@a{@Lstt@m
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7DQJHQFLMDOQD \Wiz8Bi: QD |XSPDQLNX ]

(6L (sLsuvvi{gvo

=D IDNWRUH XWMHFDMD RGUHYHQH VX VOMHGHUOH YULMHGQ
. L s&w

g Lt&sv

; Ls

'» LS

i ls

-o L sdaw

-i L s&s

-, L saf

-, Ls

¢

'RSXAWHQR QDSUH]D Q Mzkiu kdihDzQbia:] SDUD |

s Geuii Bci VUr@ @gux
el—F —= @ sonPeaod®i L———— @4{x@4wy@ s
»aua
L y t 0

'LQDPLPND L]GUAOML Y R&iWininka@ilpbtidbni fakiot &iguRiosti iznose:

. 0
Crud VUFT

5 ausl s&
=D IDNWRUH XWMHFDMD RGUHYHQH VX VOMHGHUH YULMHGQ
qi Lt

;ci Lrdux

; agrl rd{x

eagel rdwy

nLrds

Napreanje u korijenu zubd XSpDQENMH PDQMH RG GRSXaWHQRJ QDSUF
PDWHULMDO L JHRPHWULMD ]XSpDQLND [DGRYROMDYDMX SL
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3.9.2.2. Hertzov kontaktni pritisak u bokovima zuba

1IDSUH]DQMH X ERNRYLPD, }%EMsiXSpDQRJI SDUD ]

(96 Q?ES
®
@® Q7

LsEtRUXBz@s®@axVvas

6i L < By By, & & ®

®o ®'|' ®A ®A

suvv{§v FtyzwEs
u{t&xw Ft§zwy

0
BIWRBISsEa{ & L vx@ww3

7DQJHQFLMDOQD \Wiz8Bi: QD ]XSpDQLNX ]

(s Lsuvv{gvo

Parcijalni prijenosni omjel X S p D Q k&N 2ndsi:

FV, F
Q7 L—V7 L—yZL Ftdzwy

\§ tz

=D IDNWRUH XWMHFDMD RGUHYHQH VX VOMHGHUH YULMHGQ
<, L s&t
<z L tax

7

<y, L sz{ésT

< Lraxv
< Ls

-o L s&aw
-y L sas
-4 L s&{

-Ai Ls
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'RSXGWHQR QDSUH]DQ MkiubokS82ubaQRJ SDUD |

AR U i swr®&dzv
& L SAsu i &g B B Bp  SWIEAZV @iw(Batz & &
hala S
L svzdt

Il 6

'LQDPLPND L]GUAOMLY R&iWininka@ilpbtidbni fakiot &iguRiosti iznose:
0

éiruit SWHf”—6

dhiaval s

Za faktore X WMHFDMD RGUHYHQH VX VOMHGHUH YULMHGQRVWL
<ciLrdzv

<z L sat

S Lrdw{

<¢ L satz

< Ls

< Ls

Naprezanje u boku zubdX SpD QLH:DMH PDQMH RG GRSXawWwWHQRJ QDSUH
PDWHULMDO L JHRPHWULMD ]XSpDQLND ]DGRYROMDYDMX S
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ANUMHULPp@DOL]D pYUVWRUH PHWRGRP NRQDPQLK H(

4.1. Definiranje dijelova, sklopova i svojstava materijala

I1XPHULpND DQDOL]D pYUVWRUH PHWRGRP NRQDpPQLK HOHF
paketu Abaqus 6.13.Provedena jedvodimenzionainaVWDWLpPpND DQDRikdD ]XSpD

modela za analizu prikazan je na sli2i 2

&HQWUDOQL ]XSpDQ

ozubljenjem

&HQWUDOQL ]XSpDQLN V X

30DQHWDUQL ]XS

Slika22. ORGHOL ]XSpDQLND ]D DQDOL]X
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=D DQDOL]X VX ELOD NRULAWHQD VOMHGHUD VYRMVWYD PD!'
X *XVWR uRy/m
X <RXQJRY PRGXO HOMP&VLPQRVWL
x Poissonov fakto0,3

Pojedini dijelovi planetarnog prijenosnika sklopljeni u sklop u programskom paketu Abaqus
prikazani su na slici2

Slika 23. Sklop planetarnog prijenosnika

.RQWDNW L]JPHyX SRMHGLQLK NRPSRQHQWL GHILQLUDQ Mt
WDQJHQFLMDOQR SRQDADQMH X WRpPNL GR GHaddrontaRtlUP DO QD
atangenci® QD NRPSRQHQWD VH RVWYDUXMH X] WUHQMH pLML

'D EL VH RVQL UD]PDN L]PHyX ]XSpDQLND RGUADR NRQVWDQ
SRMHGLQLK ]XSpDQLND NRM H.IinkH NRR/MHY RIGXM K YU H B RP B X RQL
LJUDpXQDWLK PP
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4.2. Rubni uvjeti

3UL DQDOL]JL VX NRULaAWHQL VOMHGHUL UXEQL XYMHWL

&HQWUDOQL ]XSpDQLN V XQXWDUQMLP RIXEOMHQMHP M

&HQWUDOQL ]XSpDQLN Vméd Bovd e sd&mdrrpdasijodds@ojd H P

osi, dok su ostali pomaci blokini

X 1D FHQWUDOQL ]XSpDQLN V YDQMVNLP R]IXEOMHQMHP S
84033810 Nmm

x 30DQHWDUQL ]XSpDQLFL LPDMX GR]YROMHQX VDPR URW
pomaci blokirani

xX X

Rubni uvjeti prikazani su na slicd2

Slika 24. Rubni uvjeti
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'RQDpQL HOHPHQWL L PUH&H

8 DQDOL]L VXGHXREGLEWOIQRQDOQL NRQDPQL HOHPHQWL &:
QDSUH]DQMD VD pYRUD L VWXSQMHYD VORERGH5 .RUL&AW!

Slika25 .RUL&AWHQL &36 5 NRQDpQL HOHPHQW

*HQHULUDQH PUHASIHPBRMNHIG LQGKHWDOMQLML SULND] PUHaH
prikazane su na slikam#®.227.i28 1D VOLNDPD VX SULND]DQH VDPR QDM
PUHAH X DD OOMYLAH NRQDpPpQLK HOHPHQDWD

Slika26 OUHAaD FHQWUDOQRJ ]XSpDQLND V YDQMVNLP R]X
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Mateo Vugrinec Diplomski rad

Slika27 OUHAaD SODQHWDUQRJ ]XSpDQLND

Slika28 OUHAaD FHQWSHDIQRD V XQXWDUQMLP R]IXEOMHQM

Fakultet strojarstva i brodogradnje 44



Mateo Vugrinec Diplomski rad

4 .4. Rezultati analize

Prikaz naprezanja u sklopu nalazi se na sBci 2

Slika 29. Prikaz naprezanja planetarnog prijenosnika
SBULND] QDSUH]IDQMD X NRQWDNWX FHQWUDOQRJ ]JXSpDQLN
]XSPpDQLND QD3®]L VH QD VOLFL

Slika 30. Prikaz naprezanja z1 +z2
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3ULND] QDSUH]DQMD X NRQWDNWX FHQW U DO GeRelafs@ pD QLN
]XSpDQLND QDOD]L VH QD VOLFL

Slika 31. Prikaz naprezanja z2 +z3

4.5. Provjera konvergencije rezultata

'D EL VH RVLIXUDOD WRpPQRVW UH]XOWDWD L GD EL VH RGL
se postigl&onvergencija, potrebno je napraviti dijagram konvergencije da bi se vidjelo da li se
NRQDpPpQL UH]XOWDW SULEOLADYD WRpPpQRP UHjppakdazanW X LOL
GLMDJUDP NRQYHUJHQFLMH QDMYHUHJ QDSUH]DQMD
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Mateo Vugrinec Diplomski rad

Maksimalnonaprezanje MPa

500
450

a

N
o
(@]

350
300
250
200
150
100

50

Naprezanje, MP

0 1000000 2000000

hlp%ov]

3000000 4000000
E}til}v v]Zz

5000000
ouvs

6000000

Slika 32. Dijagram konvergencije naprezanja

4.6. Usporedba rezultata

8 WDEOLFL SULND]DQD MH XVSRUHGED QDSUH]DQMD GREL
QDSUH]IDQMD GRELYHQLK QXPHULpPpNRP DQDOL]JRP X SURJUD|

Metoda =XSpDQL § Mjesto naprezanja | Naprezanje [MPa]
Bok zuba 986,95
z1-z2
Korijen zuba 189,80
ISO 6336
Bok zuba 463,25
z2-73
Korijen zuba 122,77
Bok zuba 436,1
z1-z2
Korijen zuba 78,1
Abaqus
Bok zuba 222,4
z2-23
Korijen zuba 61,2
Tablica2 8VSRUHGED SURUDpPpXQD QDSUH]DQMD ]XSpDQL
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Mateo Vugrinec Diplomski rad

5HIXOWDWL SURUDpPXQD QDSUH]DQMD X NRULMHQX L QD ERN
QRUPL ,62 L NRG QXPHULpPpNH PFHWRRKEHXNRODPUILKY NRH S
Abaqus 5D]OLND VH MDYOMD ]J]ERJ WRJD 4WR VH NRG VWDWLDpPN
QH X NULWLPpQRM WRPNL X NRMRM VH L]JUDpXQDYD QDSUH]
UD]JOLNH X UH]XOWDWLPD SURUDpPpXQD QD Stjapf&n@ kbbmiM H W D M
,62 X REJLU X]JLPDMX UD]OLpLWL IDNWRUL XWMHFDMD QI
LGHDOQL NRQWDNW RGQRVQR X]LPD VH X RE]JLU QHVDYU&H:
zuba kao i drugi faktori korekcije naprezanja.
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Mateo Vugrinec Diplomski rad

5 3525%y81 2629,1%$ , 95%$7,/%

5.1.Dimenzioniranje RVRYLQD SODQHWDUQLK J[XSpDQLND

6KHPDWVNL PRGHO |]D GLPHQ]JLRQLUDQMH L SURUDpPXQ RVR®
slici 33.

Slika 33. Shematski model osovine planetarnii X SpDQLND

Sile prikazane na slicil iznose

7DQJHQFLMDOQD VLOD QD [XSpDQLNX

(s Lsuvv{gvo

7HALQD |XSpDQLND

Jie L syugl&sL sx{ys u0

ODNVLPDOQL PRPHQW VDYLMDQMD SRVWLAaH VH QD VUHGLQL

t E)e¢ uxu t&uvv{&VEsx{¥uU uxu
/U@oéL—fgéF—bf@ﬁf L &f (% @~ L tvwxdw 0|
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Mateo Vugrinec Diplomski rad

OLQLPDOQL SRWUHEQL SURPMHU RVRYLQH RGUHYXMH VH L]

I ST® paoe. L.STRVWXWLEVT i
@s0aR — L Lssyyll
Qvgaa swr

gdie je &y gasl sW{a% GRSX4A4WHQR QDSUH]DQMH PDWHULMDOD RV

OdaeUDQ MH SURPMHU RVRYLQH SODQHWDUQLK ]XSpDQLND
@QL strll

SUDWLOR FHQWUDOQRJ ] XSpDQLND V YDQMVNLP

6KHPDWVNL PRGHO ]D GLPHQ]JLRQLUDQMH L SURUDpPXQ YU

ozubljenjem prikazan je na slic#3

Lo

Slika 34. Shematski model vratila 1
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Mateo Vugrinec Diplomski rad

Sile prikazane na slici43 iznose:
7THALQD ]XSpDQLND
)isLssrg&sL sry&0

7HALQD VNORSD SODQHWDUQLK ]XSpDQLND L YRGLOLFH

)i L)icE)eE Et ®aEr&v®g L sx{BWUEUYy®yzEt & rAvErav®&sr{&w
Luutsdvy0

*GMH VX WHALQD ]XSpDQLND

)ie L syugl&sL sx{yu0

7HALQD RVRYLQH SODQHWDUQLK ]XSpDQLND

J)e Luz®&sL uy®yzO0

7HALQD SRMHGLQRJ OHADMD QD RVRYLQL SODQHWDUQLK ]X

JaAL sra®&sL srsav0

, WHALQD VYDNH UXpLFH

J)e Ltsw&&sL tsr{&w0

Maksimalni moment savijanja nalazi se u desnom oslonBUG Q RV Q Rn@id1 A D M X

luaoel (6 BUuyL wxwgus& uyL yy & {0]I

Okretni moment koji se prenosi vratilom 1 iznosi:

6L6&GLzZvruasol

Reducirani moment na vratilu 1 iznosi:

| sgL 8/ S50sEr&wll, ®&;° L ¥yydx ErgwRrdyuvvruas®

LyrzwavoOl

gdje je:

A

Qwc utr
SYUR:.y, A SFUB{r

U, L Lrdyuw

JGMH VX VYRMVWYD RGDEUDQRJ PDWHULMDOD ( VOMHGHL
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Mateo Vugrinec Diplomski rad

6 L tr—0
) 1, u
UrC |16

N 0
|91/2A_ S{rﬁ5

OLQLPDOQL SRWUHEQL SURBMHPRDYVOWHGBUHRGW HDXXH VH

I SIr®& yape. .SIT&rzwuvyr i
@é‘iUéR . L LSXW{”
QVwgas SWr

Odabran je promjer vratila 1:

@Lsyrll

9UDWLOR UXPLFH SODQHWDUQLK [XSpDQLND

6KHPDWVNL PRGHO ]D GLPHQ]LRRWIUTHY 56 DEPEMIEIKEIRMKQ] X U D\

je naslici 3.

Slika 35. Shematski model vratila2
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Sile prikazane na slicis3 iznose:

7HALQD VNORSD SODQHWDUQLK ]XSpDQLND L YRGLOLFH

)i L)icE)eE Et ®aEr&v®g L sx{WUEUYy®yzEt & rdAvErav®&sr{&w
Luutsdvy0

*GMH VX WHALQD ]XSpDQLND

)ie L syugl&sL sx{yu0

7HALQD RVRYLQH SODQHWDUQLK ]XSpDQLND

)e Luz€&sL uytyz0

7HALQD SRMHGLQRJ OHADMD QD RVRYLQL SODQHWDUQLK ]X

)AL sra®&sL srsav0

, WHALQD VYDNH UXpLFH

Je Ltsw&&sL tsr{&w0

Maksimalni moment savijanja nalazi stijavomosloncu RGQRV QRn&GiH aD M X

[ vaoel (6 &tL wWXxwgus& uyL wvawvo I

Okretni moment koji se prenosi vratilaZiznosi:

6L6GLUzsS{y®XO0I

Reducirani moment na vratiRiiznosi:

| sgL 8/ S50sEr&wll, &;° L ¥wvavWE rg wRrdyuveuzs{y&x®

Luttrv@{ Ol

gdje je:

Qe
SYUR: A SFUR{r

JGMH VX VYRMVWYD RGDEUDQRJ PDWHULMDOD ( VOMHGHL

U, L

Lrdyuw

&yl utr 0
g Uutr—:
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. 0
oA s{rI 6

Minimalni potrebni promjer vratla 16 UHYyXMH VH SUHPD VOMHGHUHP L]JUD]

I SIr®& yape. .SIT&rzwuvyr

2 0aR — L Lt ull
@aUa QJl/zgéé SWTr yé

Odabran je promjer vratil

@Ltzrll
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Mateo Vugrinec

SURUDpPpXQ OHAaDMHYD

Diplomski rad

6KHPDWVNL SULND] OHADMHYD SODQHWDUQRJ SWthaBUHQRV QL
R]QDpHQH EUJLQH YUWQMH X6QDVWDYNX QDOD]JL VH QD VOL

Slika36 6KHPDWVNL SULND] OHaDMHYD

5HODWLYQH EUJLQH YUWQMH OHADMHYD

5HODWLYQH EU]JLQH YUWQMH SRMHGLQLK OHADMHYD RGUHY

Brzina vritneOHaDMD /
Js L Js4L ss&kVIEJF®

%U]JLQD YUWQMH OH&ADMD /
Jo L Jeg L tWIE J°

%U]LQD YUWQMH OHADMD /

it
J, L :JE4FJ54;®T\2pL ‘tWF sSs& ®t_sz Fx{&VIE J®
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%U]JLQD YUWQMH OHADMD /

Jg L Jg4F Jey L sSs&VFtwL zzXVIE J°

3URUDpPXQ@ OHADMD

Za SURUDpPpXQ OHabMD / QD YUDWLOX NRULVWL VH VLOD X

ljevom osloncu.

/HADM VH RGDELUH SRPRUX VOMHGHUOHJ L]JUD]D

5 5
® SSEVB&twr (7
0/gL(»(@ﬁL@Up L suuz&x ® T p LWASGO

gdje je viegk WUDMDQMD OHADMD
.54@03'. StWI‘ID

a koeficijentY]D OH&DMHYH V GRGLURP X WRpNL

YL u
2GDEUDQRI/PIINHADM SURL]YRYDpD 6.) VOMHGHiULK NDUDNW|
/HADM
d 170 mm
D 215 mm
B 22 mm
di 184,15 mm
D1 201,3 mm
ri2 1,1 mm
'LQDPLpPNR RS 61,8 kN
6WDWLpPNR R 78 kN
*UDQL R ]C
RSQWZQLJH[}I— AN
Masa 1,63 kg

Tablica3. . DUDNWHULVWLNH OHAaDMD
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SURUDPXQ OHaDMD /

=D SURUDpPpXQ OHabMD / QD YUDWLOX NERAR. VMAHL YWHHI Y LCQDHDJ

desnom osloncu.

/HADM VH RGDELUH SRPRUX VOMHGHUOHJ L]JUD]D

5 5
Js ®54@Ué_ , tw& twrr7 ,
%L(®————pLsrrrri&t@————p LtxavyGO
sr sr

JGMH MH YLMHN WUDMDQMD OHAaDMD
.54@03'. StWI‘ID

a koeficijentY]D OH&DMHYH V GRGLURP X WRpNL

YL u
2GDEUDQ MH OHaDM R]JQDNH SURL]YRyYyDpD 6.) VOMHGHUO
/HaD M6
d 280 mm
D 350 mm
B 33 mm
di 302 mm
D1 327 mm
2 2 mm
'LQDPLPNR RS 138 kN
6WDWLpPNR R 200 kN
*UDQL R ]C
RSW?—I?JHU]I— 475 KN
Masa 6,27 kg

Tablica4. . DUDNWHULVWLNH OHADMD

Fakultet strojarstva i brodogradnje 57



Mateo Vugrinec

64 3URUDpPpXQ OHAaDMD /

Diplomski rad

=D SURUDpPpXQ OHADMD / QD RVRYLQL SODQHWDUQRJ ]XSpC
jednaka za oba oslonca.

/HADM VH RGDELUH 8&#RiX VOMHGHUHJ

5 7
t E) J; ® Ja X{&Vv&twrrs4
% L ®95t )'6® ! Ssrf”‘?ﬁuap Lsuvv{&va { <7 p Lvv&uGo

JGMH MH YLMHN WUDMDQMD OHAaDMD
.54@03'. StWI‘ID

a koeficiientY]D OH&DMHYHIinfiGRGLURP X

.. ST
YL—
u

2GDEUDQ MH OH&DM R]QDNH ,183MH MH hMUWY\RRBZAR QYK PDR P\
desnom osloncu JGMH MH VORERG GR ROLH ¥ R fmpD FBMHVO@NRH G H U LK N

/Ha NWP 322
d 110 mm
D 240 mm
B 50 mm
di 155 mm
D1 200 mm
F 143 mm
ri2 3 mm
I3,4 3 mm
'LQDPLRSWHU 530 kN
6WDWLpPNR R 540 kN
*UDQL R ]C
R SQWtI)-|QU H j H OLkN
Masa 10,7kg

Tablica5. . DUDNWHULVNURR22 OHAaDMD
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SURUDPXQ OHaDMD /

=D SURUDpPXQ OHADMD / QD YUB®DQMKXW NRQILK WLSYD QLND X
/JHADM VH RGDELUH SRPRiUX VOMHGHUHJ L]JUD]D

5 7
Jg ® D4 ZZA V& twrrs54
%Lt®; ®8+:@U‘ap L xxwave ST p Lx&vGO

JGMH MH YLMHN WUDMDQMD OHAaDMD

.54@mual stwrmbD
a koeficijentY]D OHADMHYHINfiGRGLURP X
. ST
YL—
u

OdabranjeOH&DM R]QDNH 18 SURL]YRYDpPD 6.) VOMHGHULK ND

/Ha DWw234
d 170mm
D 310mm
B 52mm
D1 267,4mm
F 207mm
r,2 4 mm
r3,4 4 mm
S 2,9mm
'LQDPLpN
RSQWHUIEU 095kN
6WDWLpPpNR R 815kN
*UDQL R
cswnuna|
Masa 17,7 kg

Tablica6. . DUDNWHULVWLNH OHaDMD 18
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SURUDpPXQ RVWDOLK VWURMQLK HOHPHQDWD

SURUDpPXQ YLMDND NXuL&WD

2NUHWQL PRPHQW NRML VH WUHED SUHQLMHWL Vn&EHQWUD
NXUiuLaAWH L]QRVL

6,L t{y{uazwoOl

J)DNWRU WUHQMD L]PHYX SRGORAQH SORpPLFH L NXuULaWD L]C

aLra

2GDEUDQL VX YLMFL O NYDOLWHWH pLMH GRSXaWwHQR
~ ra®rr i 0
€asb——— L uugv——:

sd | |6
B3RYUALQD MH]JUH YLMND O LIQRVL

#oL ttwl | 6
Vijci se nalaze na promjeru:

@ L stsrll

%URM YLMDND SRWUHEQLK ]JD SULMHQRY PRPHQWD RGUHyYX

t &, t@&{y{uzrwr

R— , - L z&t
ARY R zs®y ra&tsrwugv@tw

J

2GDEUDQ MH VOMHGHUOL EURM YLMDND
JL sr
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6.2. Provjera naprezanjpb UXpLFH XVOLMHG VDYLMDQMD

6LOD X OHADMHYLPD RVRYLQD SODQHWDUQLK ]XSpDQLND L]
(0 Lsuwugw

2VQL UD]JPDN L]PHYyX FHQWUDOQRJ ]XSpDQLND V YDQMVNLP
iznosi:

= L uwwl

8 WRP VOXpDMX PRPHQW VDYLMDQMD L]JQRVL

/gL (0 & Lsuwugvww vzrvgtol

, ] NRQVWUXNFLMVNLK UD]JORJD &LULQD UXpLFH LPD VOMHG

>Lwvrrll

N MHGQDGéEH QDSUH]DQMD SUL VDYLMDQMX GRELYD VH PL
VOMHGHUHP LJUD]X
ly X vzrv tr x
PRAU®—6L yytr
€az > sSrr vrod

JGMH MH GRSXawWwWHQR QDSUH]DQMH ]D PDWHULMDO 6

L szat |1

€.ssL srr
ad |16

3URUDpPXQ YLMDND ]®VSUKKMHRIRQIPREBDGWOR

2NUHWQL PRPHQW NRML VH WUHED SUHQLMHWL V UXpLFH S
6, Luzs{yax0l
JDNWRU WUHQMD L]JPHYX SRGORAQH SORpPLFH L NXuLaAWD L]C

aLra

2GDEUDQL VX YLMFL O NYDOLWHWH pLMH GRSX&aWHQR

~ Lra’z@rrL 0
&aaL———— Luugv—
xad s§ |16

3RYUALQD MH]JJUH YLMND 0 L]JQRVL
#oLutw |8
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Vijci se nalaze na promjeru:

@ L uxrll

%URM YLMDND SRWUHEQLK |]D SULMHQRYVY PRPHQWD RGUHYX

t ®, t®&zs SZXTr
% ty L tvau

JR - ,
AR @ 3@y ra®@XrQAuUZVAAtw

2GDEUDQ MH VOMHGHUOUL EURM YLMDND
JL tw

3URUDpPXQ RPpQLK YLMDND ]D GL]DQMH

Ukupna masa multiplikatoranpsi SULE:OLAQR
l spLVrrrGC

'RSXaWwWHQR QDSUH]IDQMH YLMDND NYDOLWHWH LIQRVL

. ra®rr .0
éiasL——— L uugZv—:

s§ | |6

SRWUHEQD SRYU&LQD MH]JJUH RpQLK YLMDND L]JQRVL

| ep® vrrr@a&s i
Haacd — L —— L ss@{l |6
€ a3 uuayv

2GDEUDQL VX RpQL YLMFL O

6.5.3URUDPXQ pYUVWRUH QRVDpPpD NXuUL&WD

.RQVWUXNFLMVNL MH RGUHYHQ QRVDp NXuLaWD VOMHGHULK
>Lvrll

DL srrrril
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6KHPDWVNL PRGHO |]D SURUDpPpXQ @RVDpPD NXuLawbD QDOD]L

Slika 37. ShematskiPRGHO ]D SURUDpPXQ QRVDpD NXuLawD

2NUHWQL PRPHQW NRML VH V NXiLawD PRUD SUHQLMHWL Q
6,L t{y{uzazwoOl

I1DSUH]DQMH X QRVDpX NXuLAWD XVOLMHG VDYLMDQMD L]QF

A 6, t{y{uzrwr , O
SR vr&rrid vvzx{l | 6
st st

=DWH]QD pYUVWRaAW ixhb&'RJ OLMHYD

4, L trr

| |6
'RSX4AWHQR QDSUH]DQMH X] IDNWRU VLIJXUQRVWL 6 L]1Q

~ L 45 I_trr L
€ as 5 n Srr||6
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Mateo Vugrinec Diplomski rad
IDSUHIDQMH X QRVDpX NXuLadawD MH PDQMH RG GRSXawHQ
GLPHQ]JLMH SRSUHpQARdoWI[aHHMMMHND QRVDpD

SURUDpPXQ YLMDND ]D SULKYDW QD SRGORJX

6KHPDWVNL PRGHO ]D SURUDpPXQ YLMDND ]D SuUdigmBW NXUL
slici 38.

Slika38 6KHPDWVNL PRGHO ]D SURUDpPXQ YLMDND ]D SULKY

OKUHWQL PRPHQW NRML VH SUHQRVL V NXuLaWwWD PXOWLSOLN
6,L t{y{uazwOl

2GDEUDQL VX YLMFL O NYDOLWHWH pLMD SRYU&GLQD MI
#oL ttwl | 6

IDMYHUD VLOD NRMX RGDEUDQL YLMFL PRJX SRGQLMHWL L]
GLrza&rr@ Lra&rr@&twlL ywyzAa{y0

I1DMYHRPHPW NRML VH PRAH SUHQLMHWL RGDEUDQLP YLMFLI
iznosi:

t ® RVIFEvsS@UEyYyzXyEssxrL uxuyza{yOl

IDMYARRHQW NRML VH PR4&H SUHQLMHWL MH Y HedrhetRj® PRPHQ

prihvata na podlogu zadovoljava.
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Mateo Vugrinec Diplomski rad

=DNOMXpDN

Prema zadanom zadatku, napravljen je pregled vjetroagregata i njihovih tipova, te pregled

prijenosnika koji se koriste kod tih vjetroagregata. Napravljena je i analiza tipova prijenosnika

koji se koriVWH WH VX RSLVDQL SODQHWDUQL SULMHQRVQLFL
SUHGQRVWL L QHGRVWDFL 3URUDpPpXQDWD MH NLQHPDWLNL
6ROLG:RUNV G5H5H]|XOWDWL RED QDpLQD SURUDPXQD NLQHP
SODQHWDUQD ]XSpDQLND WH MH SURYHGHQ QMLKRY SURUL
QXPHULpNRP PHWRGRP NRQDpPQLK HOHPHQDWD X SURJUDF
UD]JOLNXMX L] UDJORJD aWR VH X QXPHULpNRMYRPNWRGH XR
LGHDOQRP VOXpDMX GRN VH NRG SURUDPXQD NRUL&AWHQM
NRUHNFLMH QD pYUVWRUX ERNRYD L NRULMHQD JXED QD ]XS
kao i ostali strojni elementi. Prijenosnik je konstrur@&@UHPD SURYHGHQRP SURI
LIPRGHOLUDQ X SURJUDPVNRP SDNHWX 6ROLG:RUNV X NR
GRNXPHQWDFLMD 6DVWRML VH RG ]IXSPpDQLND RG NRMLK
jedan s vanjskim, a drugi s unutarnjim ozubl@m P . XiL&WH MH L]JUDYHQR L] G
YLMFLPD VSDMDMX QD FHQWUDOQL ]XSpPpDQLN V XQXWDUQMI
PXOWLSOLNDWRUD VSDMDMX VH NUXWLP VSRMNDPD QD SUL
uljem prilikom rada, H SRVWRML PRIJXUQBRWRS X RFVHDQEDXGRQMRM V
RODNADYDQMD PRQWDA&H QD YUKX SULMHQRVQLND QDOD]H
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KISSsoft Release 083/20+6-A—

Team-SolidSQUAD
File

Name : diplomski
Changed by: Mateo on: 23.05.2018 at: 20:24:38

CALCULATION OF A SPUR PLANETARY GEAR STAGE

Drawing or article number:

Gear 1: 0.000.0
Gear 2: 0.000.0
Gear 3: 0.000.0
Calculation method ISO 6336:2006 Method B

------- Sun ----------- Planets ----------- Internal g
Number of planets [p] (1) 4 (1)
Power (kW) [P] 1000.000
Speed (1/min) [n] 113.6 0.0
Speed difference for planet bearing calculation (1/min) [n2] 69.6
Speed planet carrier (1/min) [nSteg] 25.0
Torque (Nm) [T] 84033.8 0.0 297938.
Torque PIl.-Carrier (Nm) [TSteg] 381971.863
Application factor [KA] 1.25
Power distribution factor [Kgam] 1.25
Required service life (h) [H] 20000.00
Gear driving (+) / driven (-) + -1+ -

Working flank gear 1: Right flank

1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to ISO 21771:2007, DIN ISO 21771)

------- GEAR 1 ------------ GEAR 2 ------------ GEAR 3 ---
Center distance (mm) [a] 355.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 14.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 0.0000
Number of teeth [z] 22 28 -78
Facewidth (mm) [b] 265.00 265.00 265.00
Hand of gear Spur gear
Planetary axles can be placed in regular pitch.: 90°
Accuracy grade [Q-1S01328:1995] 6 6
Inner diameter (mm) [di] 0.00 0.00
External diameter (mm) [di] 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Quter diameter of gear rim (mm) [dbi] 0.00

Material

1/10



Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened

ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC
Gear 3: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC
------- GEAR 1 ------------ GEAR 2 ------------ GEAR 3 ---
Surface hardness HRC 61 HRC 61 HRC 61

Material quality according to ISO 6336:2006 Normal (Life factors ZNT and YNT >=0.85)

Fatigue strength. tooth root stress (N/mm2) [AFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm?2) [AHIim] 1500.00 1500.00
Tensile strength (N/mm?2) [AB] 1200.00 1200.00 12
Yield point (N/mm2) [AS] 850.00 850.00 85(
Young's modulus (N/mm?2) [E] 206000 206000 20
Poisson's ratio [%] 0.300 0.300 0.3
Roughness average value DS, flank (pm) [RAH] 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00
Mean roughness height, Rz, flank (pum) [RZH] 4.80 4.80
Mean roughness height, Rz, root (pm) [RZF] 20.00 20.00
Gear reference profile 1:
Reference profile 1.25 /0.38 /1.0 1SO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*= 0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping
Gear reference profile 2
Reference profile 1.25 /0.38 /1.0 1SO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*= 0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping
Gear reference profile 3
Reference profile 1.25 /0.38 /1.0 1SO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*= 0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

2110

not topping



Summary of reference profile gears:

Dedendum reference profile
Tooth root radius Refer. profile
Addendum Reference profile
Protuberance height factor
Protuberance angle (°)

Tip form height coefficient
Ramp angle (°)

Type of profile modification:
Tip relief (pm)

Lubrication type
Type of oil
Lubricant base
Kinem. viscosity oil at
Kinem. viscosity
Specific density at 15 °C (kg/dm3)
Qil temperature (°C)

Overall transmission ratio

Gear ratio

Transverse module (mm)
Pressure angle at pitch circle (°)

Working transverse pressure angle (°)

Working pressure angle at normal section (°)
Helix angle at operating pitch circle (°)

Base helix angle (°)

Reference centre distance (mm)
Sum of profile shift coefficients
Profile shift coefficient

Tooth thickness (Arc) (module) (module)

Tip alteration (mm)
Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)

(mm)
Tip diameter allowances (mm)
Tip form diameter (mm)

(mm)

Active tip diameter (mm)
Operating pitch diameter (mm)

(mm)

(mm)
Root diameter (mm)
Generating Profile shift coefficient

Manufactured root diameter with xE (mm)

(mm)
Theoretical tip clearance (mm)

Tip clearance upper allowance (mm)
Tip clearance lower allowance (mm)

Active root diameter (mm)
(mm)
(mm)

3/10

40 °C (mm2/s)
oil at 100 °C (mm2/s)

1.250
0.380
1.000
0.000
0.000
0.000
0.000 0.0

1.250
0.380
1.000
0.000
0.000
0.000
0.000

[hfP*]
[rofP*]
[haP*]
[hprP*]
[alfprP]
[hFaP*]
[alfKP]

none (only running-in)
[Ca] 2.00 2.00 2.

Qil bath lubrication
Oil: 1SO-VG 220
Mineral-oil base

[nu40]
[nul100]
[roOil]
[TS]

[mt]
[alft]
[alfwt] 22.111
22.122
22.11

0.00¢(

22.100 22.100 /
22.111

0.000

22.122 |
[alfwn]
[betaw]

[alfwt.e/i]

0.000
350.000
0.3755

[betab]
[ad]
[Summexi]
[x] 0.2370
[sn*] 1.7433

350.000
-0.3755
0.1386 -0.
1.6717

0.000 0.
392.000 1092
368.360 1026.1
423.879 1078.3
423.879 / 1078
-0.010 -0.01
423.879 1078
[dFa.e/i] 342.635 / 342.625 423.879 / 423.869 107E€
[dNa.e/i] 342.635 / 342.625 423.879 / 423.869

[dw] 312.400 397.600 / 397.600
397.632 / 397.568 1107.!
397.568 / 397.632 1107.1
360.879 1141.3
0.2183 0.1

0.000
308.000
289.425
342.635
342.635 / 342.625
[Ada.e/i] 0.000 /
[dFa] 342.635

[k*mn]

[d]

[db]

[da]
[da.e/i] 423.869

0.000 /

312.425

312.375
279.635

0.2242 /
279.278
360.357

[dw.e]
[dw.i]
[df]
0.1258 /
360.522
1142.328
3.243/ 3.757
3.537/ 4.258
3.393/ 4.058
377.783/ 373.940
377.821/ 373.971
377.750/ 373.914

[XE.eli]

[df.e]

[df.i] 279.113

3.243

3.537

3.393

295.085
295.119

295.056

[c]
[c.e]
[c.i]
[dNf]
[dNf.e]
[dNf.i]

1131.5/
1131.6:



Root form diameter (mm) [dFf] 292.584 373.801 1134

(mm) [dFf.eli] 292.433 / 292.364 373.625 / 373.545 11
Internal toothing: Calculation dFf with pinion type cutter (z0=
25, x0= 0.000)
Reserve (dNf-dFf)/2 (mm) [cF.eli] 1.377 1/ 1.311 0.213 / 0.144
Height of bolt head (mm) [ha = mn * (haP*+x)] 17.317 15.940
(mm) [ha.eli] 17.317 1/ 17.312 15.940 / 15.935
6.798
Dedendum (mm) [pf = mn * (hfP*-x)] 14.183 15.560
(mm) [hf.eli] 14.361 / 14.444 15.739 / 15.821
25.164
Roll angle at dFa (°) [xsi_dFa.eli] 36.304 / 36.301 32.621 / 32.
18.517
Roll angle to dNf (°) [xsi_dNf.eli] 11.420 / 11.356 13.069 / 13.
[xsi_dNf.eli] 10.039 / 9.987 26.622 /
Roll angle at dFf (°) [xsi_dFf.eli] 8.281 / 8.186 9.722 |/ 9.
27.100
Tooth height (mm) [h] 31.500 31.500 31.500
Virtual gear no. of teeth [zn] 22.000 28.000 -78.0
Normal tooth thickness at tip circle (mm) [san] 8.667 9.679
(mm) [san.eli] 8.529 / 8.456 9.544 |/ 9.473 11.
Normal space width at root circle (mm) [efn] 0.000 0.000
(mm) [efn.eli] 0.000 / 0.000 0.000 / 0.000 6.
Max. sliding velocity at tip (m/s) [vga] 0.545 0.498/ 0.140 C
Specific sliding at the tip [zetaa] 0.641 0.651/ 0.184 0.4
Specific sliding at the root [zetaf] -1.865 -1.783/ -0.850 -0
Sliding factor on tip [Kgal 0.376 0.343/ 0.097 0.138
Sliding factor on root [Kgf] -0.343 -0.376/ -0.138 -0.09
Pitch on reference circle (mm) [pt] 43.982
Base pitch (mm) [pbt] 41.330
Transverse pitch on contact-path (mm) [pet] 41.330
Length of path of contact (mm) [gal 62.936 72.683
(mm) [ga.eli] 63.012 / 62.841 72.759 / 72.581
Length T1-A (mm) [T1A] 28.759 104.863/ 32.180 165.802
Length T1-B (mm) [T1B] 50.365 83.257/ 63.533 197.155
Length T1-C (mm) [T1C] 58.794 74.828/ 74.828 208.450
Length T1-D (mm) [T1D] 70.089 63.533/ 73.510 207.131
Length T1-E (mm) [T1E] 91.695 41.927/ 104.863 238.485
Diameter of single contact point B (mm) [d-B] 306.453 404.247/ 389.660
(mm) [d-B.e] 306.453 404.185/ 389.660 1099.351
(mm) [d-B.i] 306.447 404.317/ 389.653 1099.235
Diameter of single contact point D (mm) [d-D] 321.585 389.660/ 396.615
(mm) [d-D.e] 321.519 389.660/ 396.559 1106.610
(mm) [d-D.i] 321.659 389.653/ 396.683 1106.622
Transverse contact ratio [eps_a] 1.523 1.759
Transverse contact ratio with allowances [eps_a.eli] 1.525 / 1.520 1.760 / 1.75
Overlap ratio [eps_Db] 0.000 0.000
Total contact ratio [eps_g] 1.523 1.759
Total contact ratio with allowances [eps_g.eli] 1.525 / 1.520 1.760 / 1.756

2. FACTORS OF GENERAL INFLUENCE

——————— GEAR 1 ------------ GEAR 2 ------------ GEAR 3 ---
Nominal circum. force at pitch circle (N) [Ft] 136418.523 136418.523
Axial force (N) [Fa] 0.0 0.0 l
Axial force (total) (N) [Fatot=Fa* 4] 0.0
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Radial force (N) [Fr] 49652.282 49652.282

Normal force (N) [Fnorm] 145173.6 145173.6 1451
Nominal circumferential force per mm (N/mm) [w] 514.79 514.7¢
Only as information: Forces at operating pitch circle:

Nominal circumferential force (N) [Ftw] 134497.135 134497.135
Axial force (N) [Fal 0.0 0.0/ 0.0

Axial force (total) (N) [Fatot=Fa* 4] 0.0

Radial force (N) [Fr] 54643.234 54643.234
Circumferential speed reference circle (m/s) [v] 1.43 (Planet)
Running-in value (pm) [ypl 0.990 1.200
Running-in value (pm) [yf] 1.350 1.650

Gear body coefficient [CR] 1.000 1.000
Correction coefficient [CM] 0.800 0.800
Reference profile coefficient [CBS] 0.975 0.975
Material coefficient [E/Est] 1.000 1.000
Singular tooth stiffness (N/mm/um) [c'] 13.083 14.744
Meshing stiffness (N/mm/pum) [cgalf] 18.213 23.133
Meshing stiffness (N/mm/pum) [cgbet] 15.481 19.663
Reduced mass (kg/mm) [mMRed] 0.0741 0.5372
Resonance speed (min-1) [nE1] 6804 2238
Resonance ratio (-) [N] 0.013 0.031
Running-in value (pm) [yal] 0.990 1.200
Planet runs on rolling bearings. Planet pin fixed on both sides in the carrier..

Ilpa (mm) = 344.50 b (mm) =265.00 dsh (mm) = 196.00

Tooth trace deviation (active) (um) [Fby] 55.18 8.07
from deformation of shaft (pm) [fsh*B1] 55.03 4.00
(fsh (pm) = 55.03/ 4.00, B1= 1.00/ 1.00, fHb5 (pm) = 12.00/ 13.00)

Tooth trace 0 0

(O:without, 1:crowned, 2:Tip relief, 3:full modification)
(4:Slightly crowned, 5:Helix angle modification, 6:Helix angle modification with crowning)

from production tolerances (um) [fma*B2] 25.46 26.17
(B2=1.00/1.00)
Tooth trace deviation, theoretical (um) [Fbx] 61.18 9.50
Running-in value y.b (pm) [yb] 6.00 1.43
Dynamic factor [KV=max(KV12,KV23)] 1.01
[KV12,KV23] 1.01 1.01

Face load factor - flank [KHb] 1.52 1.10

- Tooth root [KFb] 1.45 1.09

- Scuffing [KBb] 1.52 1.10
Transverse load factor - flank [KHa] 1.00 1.00

- Tooth root [KFa] 1.00 1.00

- Scuffing [KBa] 1.00 1.00
Helical load factor scuffing [Kbg] 1.00 1.00
Number of load cycles (in mio.) [NL] 425.5 83.6

3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: B
Internal toothing: Calculation of roF and sFn according to ISO 6336-3:2007-04-01

5/10



Internal toothing: Calculation of YF, YS

Calculated with profile shift
Tooth form factor

Stress correction factor
Bending moment arm (mm)
Working angle (°)

Tooth thickness at root (mm)
Tooth root radius (mm)

(hF* =1.067/1.116/0.845/1.137
(roF* =0.490/0.510/0.510/ 0.550 dsFn =

Helix angle factor

Deep tooth factor

Gear rim factor

Effective facewidth (mm)

Nominal stress at tooth root (N/mm?2)
Tooth root stress (N/mm?2)

Permissible bending stress at root of Test-gear

Notch sensitivity factor
Surface factor

size factor (Tooth root)
Finite life factor

Alternating bending factor (mean stress influence coefficient)

Stress correction factor

Yst*sigFlim (N/mm?)

Permissible tooth root stress (N/mm?2)
Limit strength tooth root (N/mm?2)
Required safety

Safety for Tooth root stress
Transmittable power (kW)

4. SAFETY AGAINST PITTING (TOOTH FLANK)

Zone factor

Elasticity coefficient (" N/mm)
Contact ratio factor

Helix angle factor

Effective facewidth (mm)
Nominal contact stress (N/mm?2)

Contact stress at operating pitch circle (N/mm2)

Single tooth contact factor
Contact stress (N/mm?2)

Lubrication coefficient at NL
Speed coefficient at NL

Roughness coefficient at NL
Material pairing coefficient at NL
Finite life factor

Small no. of pittings permissible:
Size factor (flank)

Permissible contact stress (N/mm?2)
Pitting stress limit (N/mm?2)
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with pinion type cutter (z0=25, x0= 0.000, rofP*= 0.
---- GEAR 1 ------------ GEAR 2 ------------ GEAR 3 ---
[x] 0.2370 0.1386 -0.E
[YF] 1.43 1.49/ 1.15 0.84
[YS] 2.00 1.95/ 2.14 2
[hF] 14.94 15.63/ 11.83 1E
[alfFen] 22.36 21.63/ 18.59 22.(
[sFn] 29.40 29.53/ 29.53
[roF] 6.86 7.13/ 7.13 7.
sFn* =2.100/2.109/2.109/2.833)
284.591/ 366.185/ 366.185/ -1139.583 alfskFn = 30.0/ 30
[Ybet] 1.00 1.00
[YDT] 1.00 1.00
[YB] 1.00 1.00 1.00
[beff] 265.00 265.00/ 265.00 2
[sigFO0] 105.36 106.85/ 90.63
[sigF] 241.98 245.40/ 155.82 1
[YdrelT] 0.997 0.996/ 0.996 1
[YRrelT] 0.957 0.957 0.957
[YX] 0.910 0.910 0.9
[YNT] 0.906 0.936 0.92¢
[YM] 1.000
[Yst] 2.00
[sigFE] 860.00 860.00 860.
[sigFP=sigFG/SFmin] 482.59 348.75/ 348.7
[sigFG] 675.62 488.25/ 488.25
[SFmin] 1.40 1.40 1.
[SF=sigFG/sigF] 2.79 1.99/ 3.13
[KWRating] 1994.33 1421.17/ 2238.18
---- GEAR 1 ------------ GEAR 2 ------------ GEAR 3 ---
[ZH] 2.36 2.36
[ZE] 189.81 189.81
[Zeps] 0.909 0.864
[Zbet] 1.000 1.000
[beff] 265.00 265.00
[sigHO] 703.57 355.42
[sigHwW] 1093.10 468.61
[ZB,ZD] 1.02 1.00/ 1.12
[sigHB, sigHD] 1119.66 1093.10/ 522.92
[ZL] 1.020 1.020/ 1.020 .
[ZzV] 0.959 0.959/ 0.959 0.9¢
[ZR] 0.994 0.994/ 1.028 1.
[ZW] 1.000 1.000/ 1.000
[ZNT] 0.936 0.984 0.9
no
[ZX] 1.000 1.000 1.0
[sigHP=sigHG/SHmin] 1366.11 1436.04/ 1485.3
[sigHG] 1366.11 1436.04/ 1485.33



Required safety [SHmin]

Safety factor for contact stress at operating pitch circle
[SHwW] 1.25

Safety for stress at single tooth contact

(Safety regarding transmittable torque) [(SHBD)"2]

Transmittable power (kW) [kKWRating]

4b. MICROPITTING ACCORDING TO

Pairing Gear 1- 2:

.00

1.31/ 3.17

1488.69

ISO/TR 15144-1:2014

[SHBD=sigHG/sigHBD]

1.49

1.22

.00 1.
3.13
1.31/ 2.84
1.73/ 8.07

1725.88/ 8068.13

Calculation did not run. (Lubricant: Load stage micropitting test is unknown.)

Pairing Gear 2- 3:

Calculation did not run. (Lubricant: Load stage micropitting test is unknown.)

5. STRENGTH AGAINST SCUFFING

Calculation method according to ISO TR 13989:2000

Lubrication coefficient (for lubrication type) [XS]
Scuffing test and load stage [FZGtest]
Multiple meshing factor [Xmp]

Relative structure coefficient (Scuffing) [XWrelT]
Thermal contact factor (N/mm/s”.5/K) [BM]
Relevant tip relief (pm) [Ca]

Optimal tip relief (pm) [Ceff]

Ca taken as optimal in the calculation (0=no, l=yes)
Effective facewidth (mm) [beff]
Applicable circumferential force/facewidth (N/mm) [wBt]
(1) Kbg = 1.000, wBt*Kbhg = 1242.611

(2) Kbg = 1.000, wBt*Kbg = 894.848

Angle factor [Xalfbet]

Flash temperature-criteria

Lubricant factor [XL]

Tooth mass temperature (°C) [theMi]
theMi = theoil + XS*0.47*Xmp*theflm [theflm]
Scuffing temperature (°C) [theS]
Coordinate gamma (point of highest temp.) [Gamma]
(1) [Gamma.A]=-0.511 [Gamma.E]=0.560

(2) [Gamma.A]=-0.570 [Gamma.E]=0.401

Highest contact temp. (°C) [theB]
Flash factor (°K*N"-.75*s/A.5*mA-. 5*mm) [XM]
Approach factor [XJ]

Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]
Required safety [SBmin]

Safety factor for scuffing (flash temperature) [SB]

Integral temperature-criteria
Lubricant factor [XL]
Tooth mass temperature (°C) [theMC]
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2.

1.000

FZG - Test A/ 8.3/ 90 (ISO 14635

2.5

13.780

00

61.48

0

265.

000

1.000

2

13.780

2.00

54.55
0/ 0
265.000

1242.611

1.008

0.830
1

34

02.60

1.008

0

27.74

8.80

146.44
50.058

1.129

0.333

4

1.90

0.079

1.000

2.000

99.09

0.511

1.

3.647

.830

.5
1.000

894.848

74.19

348.80

82.58
50.
212
0.333
41.90
0.057

71.95

3.56

-0.570

058

( 70.0 °¢

22.168



theMC = theoil + XS*0.70*theflaint [theflaint] 16.62 1.11

Integral scuffing temperature (°C) [theSint] 360.78 360.78
Flash factor (°K*NA2-.75*s~.5*m”-.5*mm) [XM] 50.058 50.058
Running-in factor (well run in) [XE] 1.000 1.000
Contact ratio factor [Xeps] 0.269 0.315
Dynamic viscosity (mPa*s) [etaOil] 41.90 41.90
Mean coefficient of friction [mym] 0.061 0.032
Geometry factor [XBE] 0.375 0.054

Meshing factor [XQ] 1.000 1.000

Tip relief factor [XCa] 1.079 1.117

Integral tooth flank temperature (°C) [theint] 124.03 73.62
Required safety [SSmin] 1.800

Safety factor for scuffing (intg.-temp.) [SSint] 2.91 4.90
Safety referring to transmittable torque [SSL] 5.38 80.28

6. MEASUREMENTS FOR TOOTH THICKNESS

------- GEAR 1 ------------ GEAR 2 ------------ GEAR
Tooth thickness deviation DIN 3967 cd25 DIN 3967 cd25 DIN 3¢
Tooth thickness allowance (normal section) (mm) [As.eli] -0.130/ -0.190 -0.130/ -
Number of teeth spanned [k] 3.000 4.000
(Internal toothing: k = (Measurement gap number)
Base tangent length (no backlash) (mm) [WKk] 109.908 151.471
Actual base tangent length (‘'span') (mm) [Wk.eli] 109.785/ 109.729 151.349/
-413.170
Diameter of contact point (mm) [dMWk.m] 309.538 398.230
Theoretical diameter of ball/pin (mm) [DM] 25.450 24.491
Effective Diameter of ball/pin (mm) [DMeff] 28.000 25.000
Theor. dim. centre to ball (mm) [MrK] 179.435 215.850
Radial one ball mass (mm) [MrK.el/i] 179.309/ 179.251 215.706/ 215.
534.815
Diameter of contact point (mm) [dMMr.m] 317.979 396.439
Diametral measurement over two balls without clearance (mm) [MdK] 358.871 !
Diametral two ball measure (mm) [MdK.e/i] 358.618/ 358.502 431.412/ 43
1069.629
Measurement over pins according to DIN 3960 (mm) [MdR.e/i] 358.618/ 358.502 431./
1069.629
Measurement over 3 pins (axial) according to AGMA 2002 (mm)
[dk3A.eli] 358.618/ 358.502 431.412/ 431.278
1069.629
Actual dimensions over 3 rolls (mm) [Md3R.e/i] 0.000/ 0.000 0.000/ 0.000
Tooth thickness (chordal) in pitch diameter (mm) [sc] 24.380 23.389
(mm) [sc.eli] 24.250/ 24.190 23.259/ 23.199 1¢
Reference chordal height from da.m (mm) [ha] 17.798 16.287
Tooth thickness (Arc) (mm) [sn] 24.406 23.403
(mm) [sn.eli] 24.276/ 24.216 23.273/ 23.213 1¢
Backlash free center distance (mm) [aControl.e/i] 354.675/ 354.524 355..
Backlash free center distance, allowances (mm) [jta] -0.325/ -0.476 0.460
dNf.i with aControl (mm) [dNfO.i] 294.601 373.357
Reserve (dNfO.i-dFf.e)/2 (mm) [cFO.i] 1.084 -0.134
Tip clearance [cO0.i(aControl)] 2.945 2.945
Centre distance allowances (mm) [Aa.eli] 0.029/ -0.029 -0.029/ 0.0
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Circumferential backlash from Aa (mm) [itw_Aa.eli] 0.023/ -0.023 0.023/

Radial clearance (mm) [jrw] 0.505/ 0.297 0.687/ 0.432
Circumferential backlash (transverse section) (mm) [jtw] 0.409/ 0.241 0.561/
Normal backlash (mm) [inw] 0.384/ 0.226 0.527/ 0.331
Entire torsional angle (°) [j.tSys] 0.0745/ 0.0516

(j.tSys: Torsional angle of planet carrier for blocked shaft)

7. GEAR ACCURACY

------- GEAR 1 ------------ GEAR 2 ------------ GEAR 3 ---
According to 1SO 1328:1995
Accuracy grade [Q-1S0O1328] 6 6
Single pitch deviation (pm) [fptT] 14.00 14.00
Base circle pitch deviation (pum) [fpbT] 13.20 13.20
Sector pitch deviation over k/8 pitches (um) [Fpk/8T] 22.00 26.00
Profile form deviation (pm) [ffaT] 18.00 18.00
Profile slope deviation (pum) [fHaT] 15.00 15.00
Total profile deviation (pm) [FaT] 23.00 23.00
Helix form deviation (pum) [ffbT] 18.00 18.00
Helix slope deviation (um) [fHbT] 18.00 18.00
Total helix deviation (pm) [FbT] 25.00 25.00
Total cumulative pitch deviation (pm) [FpT] 50.00 50.00
Runout (pm) [FrT] 40.00 40.00 63.0
Single flank composite, total (pm) [FisT] 82.00 79.00
Single flank composite, tooth-to-tooth (pm) [fisT] 32.00 29.00
Radial composite, total (pm) [FidT] 101.00 101.00
Radial composite, tooth-to-tooth (um) [fidT] 60.00 60.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality 6)
Maximum value for deviation error of axis (um) [fSigbet] 16.25 14
Maximum value for inclination error of axes (um) [fSigdel] 32.50 3
8. ADDITIONAL DATA
Mass - calculated with da (kg) [Mass] 191.320 292.808
Total mass (kg) [Mass] 1861.454

Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape

single gears ((da+df)/2...di) (kg*m?2) [TraeghMom] 1.90353 4.81779
System ((da+df)/2...di) (kg*m?2) [TraeghMom] 9.98030

Mean coeff. of friction (acc. Niemann) [mum] 0.056 0.041
Wear sliding coef. by Niemann [zetw] 0.983 0.607
Meshpower (kW) 780.000 780.000

Gear power loss (kw) 1.791 0.482

Total power loss (kW) 9.091

Total efficiency 0.991

9. DETERMINATION OF TOOTH FORM

Data for the tooth form calculation :
Data not available.
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10. SERVICE LIFE, DAMAGE

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00

Service life (calculated with required safeties):

System service life (h) [Hatt] > 1000000
Tooth root service life (h) [HFatt] 1e+006 1e+006
Tooth flank service life (h) [HHatt] le+006 1le+006

Note: The entry 1e+006 h means that the Service life > 1,000,000 h.

Damage calculated on the basis of the required service life ( 20000.0 h)
F1% F2% F3% H1% H2% H3%
0.00 0.00 0.00 0.00 0.00 0.00

REMARKS:

- Specifications with [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance

- For the backlash tolerance, the center distance tolerances and the tooth thickness

deviation are taken into account. Shown is the maximal and the minimal backlash corresponding

the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
fma following equation (64), Fbx following (52/53/56)
fsh calculated by exactly following the method in Annex D,
ISO 6336-1:2006
Literature: Journal "Antriebstechnik", 6/2007, p.64.
KHa, KFa according to method B

- The logarithmically interpolated value taken from the values for the fatigue strength and

le+0
le+(

the static strength, based on the number of load cycles, is used for coefficients ZL, ZV, ZR, ZW, ZX

End of Report lines: 542
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