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Uvod

Bakalatfskd prace se zabyva planetovou pievodovkou, piesnéji jednostupniovym
reduktorem pro posuvové mechanizmy. V prvni Casti se nachazi reSerSe prevodovek, kterad
popisuje zékladni parametry, rozdéleni a pomocné prvky. Poté nasleduje reserse planetovych
ptevodovek popisujici typy, geometrické podminky a rizna feSeni od vyrobcti planetovych
ptevodovek. Zavér prvni ¢asti strucné popisuje pohony obrabécich strojd, jejich typy

a pozadavky, které musi spliiovat.

Druha cast se zaméfi na konstrukci planetové pievodovky s vyuzitim motoru
Siemens 1FT7108-5SF7. Nejdiive se zamé&fi na vybrany motor a jeho parametry. Poté popise
nastaveni programu KISSsys, ktery bude pouzit pro vypocet ozubenych kol, htideli a dalSich
prvka planetové prevodovky. KISSsys umozni nacteni vytvotfeného modelu v programu
CATIA v5, v némz je provedena konstrukce skiing, spojeni a tak podobné. K navrzeni spojii a
jejich kontrole je pouzit program KISSsoft a MITCalc. V posledni ¢asti je uvedeno
technicko-ekonomické zhodnoceni navrzené ptevodovky a jeji porovnani s pivodnim feSenim.

Bakalatské prace obsahuje ptilohy ve formé technické dokumentace a reportii z vypocta.
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1. Prevodovky

Ptevodovka je strojni souc¢ast, ktera umoznuje pfevod mezi hnacim a hnanym ¢lenem.
Pomoci ozubenych kol dochazi k ptenosu thlové rychlosti a toc¢ivého momentu na vystupni

¢len. S vys$sim to¢ivym momentem klesa uhlova rychlost a naopak.

Pfevodovka je velmi pouzivana soucédst v rtiznych odvétvich primyslu. Naptiklad
u dopravnich prosttedk, obrabécich strojti ¢i vV té¢zebnim primyslu. Hlavni vyhodou je vysoka

ucinnost, zivotnost a spolehlivost.

Hnaci ¢len je oznacovan jako ¢len vstupni a hnany ¢len jako €len vystupni. Jako hnaci
¢len je nejcastéji pouzit motor (spalovaci, elektricky atd.). Motor musi byt zvolen tak, aby byl
schopen splnit pozadované otacky, tocivy moment, vykon a tak podobné. Vystupni ¢len mize

vykonavat posuvny ¢i rotaéni pohyb. [1], [2]

N\

Obrazek 1 - 3D model prevodovky [17]

1.1. Zakladni parametry pri konstrukci prevodovek

Popisuji veli¢iny, které definuji dilezité parametry pfevodovek. Do této kategorie spada

napiiklad pfevodovy pomér, uéinnost, to¢ivy moment, modul a korekce.

14
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1.1.1. Pfevodovy pomér

Pievodovy pomér oznacovan jako i urcuje hodnotu poméru rychlosti ota¢eni na dvou
ozubenych kolech a také zdali jde o pfevod redukéni (do pomala) nebo o prevod multiplikaéni
(do rychla). Pievodovy pomér lze urcit z thlové rychlosti, otacek, poctu zubt ¢i praméra

roztecnych kruznic.

K redukci dochézi v ptipad¢, kdy je rychlost vystupniho ¢lenu mensi nez na vstupnim
¢lenu a odpovida pievodovému poméru i < 1. Multiplikace odpovida pfevodovému poméru

I > 1 arychlost vystupniho ¢lenu je vétsi nez na vstupnim ¢lenu. [2]

12="—=—=—=
' w, n, z; Dy

z;, D,

1.1.2. U&innost

Utinnost se vyjadiuje jako pomér mezi vykonem a piikonem. U pievodovych systémi
se porovnava pomeér mezi vykonem a ztratovym vykonem. Ztratovy vykon zpusobuje naptiklad
prokluz, mazani, ztraty v ozubeni ¢i ztraty v loziskéach. Z hlediska charakteristiky systému vzdy

dochazi k ur¢itym ztratam a u¢innost 1 se pohybuje pouze v rozmezi 0 <n < 1. [3]

1.1.3. Toéivy moment

Pienos to¢ivého momentu je hlavni naplni prace prevodovky, tudiz se jednd o jeden

vvvvvv

Mk = —
)

1.1.4. Modul

Pouziva se v ptfipadé konstrukce ozubeni. Tento soucinitel velikosti ozubeni je pouzivan
k vyjadieni vSech rozméri ozubeni. Hodnota modulu je normalizovana podle

CSN 01 4608. [4]
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1.1.5. Korekce

Korigovani se pouziva v mnoha piipadech. Zaprvé k opraveni chyb po vyrobé nebo
k opraveni parametri pouzivanych kol, jelikoz dochazi vlivem skluzu mezi zuby k jejich

opotiebeni.
1.1.5.1. Minimalni korekce

Slouzi k zamezeni podfiznuti paty zubu. K tomuto
jevu dochézi, pokud zuby =zasahuji pfiliS§ hluboko
do proté€jsiho ozubeni. Podtiznuti paty je velmi nezddouci
z diivodu znac¢ného pevnostniho zeslabeni a mize tedy
dojit kulomeni. To by zabrdnilo dalSimu pouziti
ozubené¢ho kola. Muze také dojit ke zmenSeni objemu

paty, a ztoho divodu se dale nemlze odebrana cast

zacastnovat zabéru. [4]
1.1.5.2. Maximalni korekce

Tato korekce se zabyva zamezenim S$picatosti
hlavy  zubt. K tomuto problému dochazi
pfti priblizovani protilehlych boki jednotlivych zubi.
Spicatost snizuje pevnost zubu, hrozi nebezpedi
ptehfivani z divodu malého objemu hlavy zubu

a v krajnim ptipad¢ muze byt Sitka zubu nulova. [5]

1.1.5.3. Korekce osové vzdalenosti Obrazek 3 - spicatost zubu [1]

Pouziva se v pfipad¢, kdy se redlnd osova vzdalenost li§i od teoretické osové

vzdalenosti. [1]
1.1.5.4. Korekce pro zlepSeni zabérovych podminek

Korekce pro zlepSeni zabérovych podminek se pouzivd, pokud je zapotiebi zlepSit
vlastnosti ozubeného prevodu. Valivé kruznice ozubenych kol se po sobé odvaluji. Ve zbytku
dotykovych mist dochdzi ke skluzu. Jednd se tedy o snahu sjednotit mérné skluzy
na spoluzabirajicim ozubeni. Tim padem dojde k rovnomérnému opotiebovani zubu

a ke zvyseni zivotnosti. [1]
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1.2. Zakladni typy prevodovek a jejich rozdéleni

Prevodovky lze rozde¢lit na nekolik riznych typt. V prvni fadé dle mnozstvi stupid,
kde se rozliSuje, zdali ma ptevodovka konstantni ¢i proménlivy pirevodovy pomér. Déle podle

pohybi na vstupnim a vystupnim ¢lenu, podle sméru pienosu energie ¢i podle polohy os.
1.2.1. Dle polohy os
1.2.1.1. Se stalou polohou os a konven¢nimi prevodovymi mechanizmy

Jedna se o velmi obsahlou kategorii, do které spada cela fada prevodovek s jednim
stupném volnosti. Vyznacuje se zejména uloZeni hiidele pomoci lozisek v pfevodové skiini.
Z toho divodu je uloZeni pevné a osy hiidelti jsou nehybné. Existuje velmi mnoho variant.
Pro ptiklad ¢elni jednostupniova ¢i vicestupiiova prevodovka, kuzelocelni ptevodovka, Snekova

pievodovka atd. [5]
T III i|F -T—
|
] <)
|

it it —_Ill_ L it [k JI'I_

d) e)

Obrazek 4 - prevodovky se stalou polohou os [1]

1.2.1.2. S proménlivou polohou os a konven¢nimi prevodovymi mechanizmy

Zakladni princip spociva v uvolnéni jednoho z ¢lenii pfevodovky a soustava tak nabyde
dvou stupnii volnosti. Obvykle se oznacuji jako planetové pifevodovky. Planetovym

prevodovkam je vénovana nasledujici kapitola. [1]
1.2.1.3. S proménlivou polohou os a nekonven¢nimi pi‘evodovymi mechanizmy

Kategorie zahrnujici zejména atypické konstrukce planetovych prevodovek. Jedna se
naptiklad o excentrickou planetovou ptevodovku, cykloidalni pfevodovku ¢i harmonickou

prevodovku. [1]
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1.2.2. Pocet stupii pirevodovky

1.2.2.1. Jednostupiiové pievodovky w‘p !

Tento typ je specificky konstantnim pfevodovym ‘, j
pomérem, jelikoz pifevodovka obsahuje pouze jeden ; t

. | /
stupenl. Z tohoto diivodu nelze docilit rozdilnych | :
ota¢ek pomoci prevodového poméru, ale je nutné : ‘I'
. . , .. , a) P

zménit vstupni charakteristiky motoru, tedy vstupni

ota¢ky motoru. [17]
Obrazek 5 - jednostupnova prevodovka [1]
1.2.2.2. Vicestuprniové pirevodovky

Jedna se o prevodovku, ktera se skldda z né€kolika ptevodu. Jako jeden ptevod se povazuje
jeden péar spoluzabirajicich zubli. Ke zméné vystupnich otacek je potieba postupovat totozné
jako u jednostupniové pirevodovky. Ma jednu kinematickou cestu. Kupiikladu planetova

pievodovka naleZzi do této kategorie. [17]
1.2.2.3. Vicerychlostni pfevodovky

Vicerychlostni pievodovky umoziiuji zménu pievodového poméru pomoci zmény
kinematické cesty. Diky tomu lze dosédhnout potiebnych otacek na vystupnim clenu.
Je zapotiebi minimalné dvou kinematickych cest. Razeni miiZze byt provedeno manualng,
automaticky nebo poloautomaticky. K zatazeni jiného stupné musi byt hnaci hiidel odpojena
ze zéberu pomoci spojky, aby nedoslo k nechténému poskozeni zubt ¢i k velkému hluku.

Typickym piikladem je automobilova pievodovka. [7]

M1 l
Planet Ring = .
Fes SH1 Sun ==
n \ + Carrier
Ne ‘|;7|ﬁl 11 SHr
[o =)
— = L_s 5 Q,— ) g fo  SHm
o] o [=] =]
LT
CH sHa! | cout 5 5
el Jshe_car | 12/ 28
SH7
=1 =
=) °
SHs
2 1 L \oe
13557
!-Zns
M26.28 | (-)M103.101

Obrazek 6 - vicerychlostni prevodovka [7]
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1.2.3. Typ pohybu na vstupnim a vystupnim ¢lenu
1.2.3.1. Rotaéni pohyb na rotacni pohyb

Vstupni ¢len vykonava rotacni pohyb a ptendsi kroutici moment pies soustavu ozubenych
kol na vystupni ¢len, ktery vykonava souhlasny typ pohybu, napiiklad u jednostupnové ¢elni
ptevodovky (viz Obrazek 7). Pro vypocet pievodového stupné u rotaéniho pohybu na obou

v Vi s . W n sevoN s
¢lenech se vyuZziva vzorec iy , = w—l = n—l a ke zjisténi vykonu P = M, * w. [1]
2 2

1.2.3.2. Rotaéni pohyb na posuvny pohyb

roztecny
Vstupni ¢len prenasi energii na vystupni ¢len e PrUTES
maly pr.
a ten tvoii kinematickou dvojici a vykondvd | Sroube|
SROUB 7
posuvny pohyb, naptiklad pastorek a hieben nebo
. cen W r W r A'
pohybovy Sroub a matice. Ke zjisténi prevodového 3 ! 3
|
X ¥ X1 . [ . velky primér
poméru u pfevodu rotaéniho pohybu na posuvny i O
' 01 i MATICE
se pouziva vzorec iy , = . apro vypocet vykonu :
2 axiani
vztah P = Fp x v. [5] wle

. . . Obrazek T - pohybovy sroub a matice [18]
1.2.4. Smér pienosu energie

1.2.4.1. Jednosmérny

Konstrukce prevodovky neumoZiiuje zdménu vstupniho a vystupniho ¢lenu, respektive
nelze obratit chod a z hnan¢ho Clenu udélat hnaci Clen. Hnaci €len je pevné dan. Do této

kategorie spadaji pfedevSim vicestupnové prevodovky.
1.2.4.2. Obousmérny

Obousmérny pienos energie poskytuje pienos energie zobou Stran. Zejména

u jednoduchych jednostupniovych pievodovek.
1.2.4.3. Samosvorné

Charakteristika jednotlivych soucasti zamezuje pienos energie opacnym smeérem.

Samosvorny pfenos energie se vyskytuje naptiklad u Snekovych prevodovek.
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1.3. Pomocné prvky prevodovek
1.3.1. Hridele

Hiidel je ulozena pomoci lozisek v ptevodové skiini. Je nutné zvolit korektni typ lozisek
po provedeni vypoctu radialnich a axialnich sil v konstruk¢nim navrhu. Loziska musi spliiovat
trvanlivost, unosnost a tak podobné. Hiidel, ozubend kola a loziska musi byt jednoznacné
zajiSténa proti samovolnému posunuti a rotacni ¢asti se nesméji dotykat nerotujicich ¢asti. Pro
vyrobu hiidele se vyuziva vyhradné ocel. S ohledem na velikost zatizeni, které musi byt hiidel
schopna unést, se zhotovuje z rozdilnych typa oceli. V piipadé malych to¢ivych momentu je
podstatna zejména tuhost, jiz disponuje zejména ocel tiidy S235 (dle CSN - t¥ida 11). Pro vétsi,
neZ piedeslé zatizeni se voli uhlikové zuslechténé oceli tiidy C (dle CSN - tiida 12). Pokud
bude hiidel naméhana vysokym zatizenim, pouziva se legovana ocel, ktera je znacena ttidou L

(dle CSN — t¥ida 13). [6]
1.3.2. PFevodové skiiné

Skiin slouzi k uloZeni hiideli a loZisek. Obvykle se fadi mezi masivnéjsi dily z celé
sestavy, tudiz tvofi podstatnou ¢ast celkové hmotnosti. Hmotnosti je tedy vénovana specialni
pozornost. Dle vyroby délime skifin€ na lité a svafené. Umisténad Zebra zvySuji tuhost stén
a polohové koliky docili spravné polohy protilehlych dild. Skiiii dale obsahuje plnici a
vypoustéci otvor, odtlacovaci Srouby pro snadnéj$i demontdz a také manipulaéni zavésna oka.
[1], [6]

1.3.3. Chlazeni a mazani

Utinnost je hlavnim ukazatelem stroje, proto je bran velky diraz na jeji vylep3eni.
Ztratové vykony zpusobuje predevs§im tfeni, které snizuje u¢innost a zvysuje teplotu soustavy.
K redukci tohoto jevu se vyuziva systém chlazeni a mazani. Existuje n€kolik typi mazani
a ve vetsin¢ ptipadl se typ voli dle obvodové rychlosti. S ohledem na obvodovou rychlost je

zasadni volit niZsi viskozitu pfi vysSich rychlostech kviili menSim ztratam.

Mazani plastickym mazivem je vhodné pouzivat pii malych obvodovych rychlostech
pod 1 m-s. Plastické mazivo ma hned nékolik vyznamnych vyhod, zejména zjednoduseni

konstrukce ptevodové skiinég, jelikoZ mazivo se snadno udrZzuje na povrchu i pii naklonéné ¢i
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vertikalni poloze. Z diivodu piilnavosti zabraiiuje nanosu necistoty a odpuzuje vlhkost z dané
soucasti.

Mazani rozstfikem je dosazeno pomoci ozubenych kol, které jsou lehce ponotreny
do olejové 14zné a svou rotaci rozstfikuji olej ve skiini. VySka olejové 1azné nesmi piekracovat
urcity limit, jinak by odpor byl pfili§ vysoky a celé feseni by bylo kontraproduktivni. Nejcasté&ji
je zvolena takova vyska olejové lazn€, aby byly Castecné ponofeny pouze zuby nejvétsiho
ozubené¢ho kola v soustavé. Jedna se o nejpouzivanéjsi typ a doporucuje se obvodova rychlost

do 20 m-s™.

Obrazek 8 - mazani rozstrikem [1]

Obé&hové mazani vhani do soustavy ochlazenou emulzi pomoci trysek, jejichZ poloha
umoznuje ptivod pfimo do zabéru kol. Emulze nasledné odkapava na dno a ptes filtr vtéka do
nadrze s chlazenim. Odtud je vhanéna zpét do soustavy a utvaii uzavieny obvod. Pouziva se

pro vysoké obvodové rychlosti. [1]
2. Planetové prevodovky

Planetova pfevodovka vyuziva proménlivou polohu os a sestadva se ze tfech zékladnich
prvk, ato z centralniho kola, korunového kola, unasece a satelitd. Osa centralniho kola je vzdy
shodna s centralni osou prevodu, ktera je vzdy koaxialni a jedna se osu prochazejici osami
vstupniho a vystupniho ¢lenu. Tento prvek je schopen byt pohyblivy ¢i nepohyblivy a disponuje
vnitinim nebo vnéj$Sim ozubenim. UndSe¢ rotuje kolem centrdlni osy a primarnim cilem je
podpora a vedeni satelitli. Satelity konaji krouzivy pohyb okolo centralni osy pievodu.
Pocet satelitl se obvykle pohybuje Vv rozmezi 2 — 6 kust.
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Mezi nejvétsi benefity se fadi schopnost pienosu velkych vykond, moznost vysokych
prevodovych poméri a uspora mista ¢i hmotnosti.

vvvvvv

ovSem S vyhodou mnohych konstruk¢nich variant). Diferencial (2 stupné volnosti) vznika
Vv piipadé uvolnéni jednoho z ¢lend a soustava ziska jeden stupen volnosti navic. Mechanizmus

(1 stupeni volnosti) vznika zabrzdénim jednoho z ¢lend. [3], [6]

1 ... centrdlni kolo (vnéjsi ozubeni)
2 ... korunové kolo (vnitini ozubeni)
u ... unasec

.. satelit

Obrazek 9 - schéma planetové prevodovky [5]

2.1. Rozdéleni planetovych prevodovek

K rozfazeni typu pievodu podle hlavnich prvki je nutné jednozna¢né znaceni prvki.
Symbol K pro centralni (korunové) kolo, symbol U pro unase¢ a symbol S pro satelit.
Dle pouzitych prvki je mozno d¢lit na nasledujici typy.

2.1.1. Typ K-U

Na hfidelich je ulozeno centralni kolo a unase¢ (viz Obrazek 10a, 10b, 10c, 10d).
Vyznacuji se vysokou mechanickou uc¢innosti a mohou byt pouzity jako reduktory i jako
multiplikatory. S rostoucim pfevodovym pomeérem klesé ucinnost, tudiz se vyuzivaji i1 jako

pievody nesilové (kinematické). [6]
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2.1.2. Typ K-K

Ob¢ hiidele jsou osazeny centralnimi koly (viz Obrazek 10e). Unésec slouzi pouze jako
podpora satelitd a neni zac¢astnén pienosu to¢ivého momentu. Poskytuje vysoky ptrevodovy

pom¢ér na tkor ucinnosti. [6]
2.1.3. Typ U-S

Na hnaci htideli je ulozen unase¢ (viz Obrazek 10f). Jedna se o ptevody s vyvedenym
pohybem satelitu a z tohoto divodu je potieba realizovat spojeni mezi hnanym hiidelem

a satelitem s pfidavnym mechanizmem W. [6]

.3
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Obrazek 10 - typy planetovych prevodovek [6]
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2.2. Dopliiujici geometrické podminky

Pro dosazeni co nejlepsSich vlastnosti pievodovky je nutné usilovat o splnéni specialnich
geometrickych podminek. Mezi tyto podminky patii podminka stejnych osovych vzdélenosti,

podminka smontovatelnosti a podminka viile mezi sousednimi satelity.
2.2.1. Podminka stejnych osovych vzdalenosti

Tato podminka slouzi k dosazeni souososti hiideli. Pomoci vhodnych tprav poctu zubti

1ze docilit, aby se osové vzdalenosti liSily minimaln¢ a prevodovy pomér zustal v pozadované

* (22 + z52) [5]

mq my

toleranci. Vztah pro vypocet: 5 (z1 + z51) =
1

2%C0S 2xCcoSf3,

2.2.2. Podminka smontovatelnosti

V ptipadé montdze hrozi nebezpeci, ze korektné navrzend a vyrobend ozubend kola
se nepodaii uvést do spole¢ného zabéru. Tim padem nelze pfevodovku smontovat. Existuje
takzvana obecnd podminka smontovatelnosti, kterd se snazi uvedenému problému ptedejit.
Pfi jejim splnéni je vZdy mozné po prvni vloZenim satelitu a ur¢itém pootoceni vlozit dalsi
satelit a stejnym zpisobem se opakuje proces az do vlozeni posledniho satelitu. Vypocet se

provadi pomoci nésledujicich vzorci:

a) pro jednoduché satelity zZ1+z3=kxa

b) pro dvojité satelity zy=kx*ay; z4 = q*ay[6]
2.2.3. Podminka vile mezi sousednimi satelity

S pfibyvajicim poctem satelitl vznika nutnost provéfeni, zdali se mezi dvéma sousednimi

satelity nachdazi alespont minimalni ptipustna vile. Tato podminka zabranuje kolizi a destrukci

o , <o w7 , das1tVmi
zubt sousednich satelitt. Pouzivany vzorec: Ui = 2 * arc% [3]
1 S1

2.3. Vyrobci planetovych prevodovek

Ve svété se nachazi velké mnozstvi firem, které se zabyvaji vyrobou pievodovek.
Vzhledem k tématu bakalaiské prace byl vybér zuzen na né€kolik firem, které se specializuji

na vyrobu planetovych pfevodovek s vyuzitim u vyrobnich stroju.
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Tato kapitola slouzi k nastinéni riiznych feSeni a provedeni planetovych ptevodovek
od renomovanych firem. Kazd4 spole¢nost md své know-how a problematiky spojené

s konstrukci ptevodovky miize fesit naprosto jinym zplisobem nez ostatni.
2.3.1. Baruffaldi

Spole¢nost Baruffaldi se specializuje na dvourychlostni planetové prevodovky. Vyuziti
nalézaji zejména u obrabécich strojli. Pfevodovka je napojena na motor s proménnymi otdckami
a slouzi ke zvySeni momentu pfi nizkych otdckach. Pfevodovky nabizeji pfenos vysokého

momentu pro tvrdé materialy a vysokych otacek pro meékké materialy.

Tyto pfevodovky od spole¢nosti Baruffaldi nesou obchodni oznaceni CE Series, které
nabizi 9 velikosti, vystupni moment az 3200 Nm, vstupni ota¢ky az 10 000 min’, maly
zastavbovy prostor, vysoky pocet pouzitelnych motort ¢i nizké vibrace systému. Prevodovky
od Baruffaldi jsou pouzitelné do teploty 120 °C (olej 110 °C). Mazani je zajisténo rozstiikem

¢i obéhem (zalezi na podminkach). [8]

Obrazek 11 - prevodovka Baruffaldi [8]
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2.3.2. ZF

Firma ZF ma velky rozsah ve strojirenstvi, ov§em mimo jiné se zabyva i pfevodovkami
pro vyrobni stroje. Nabizeji dva typy planetovych pfevodovek, Duoplan a Servoplan. Piipadné
vyrabi prevodovky na miru dle ptani zdkaznika. Pfevodovky nabizi pfenos momentu

do 3000 Nm.

Duoplan je dvourychlostni planetova pievodovka pouzivand u vyrobnich stroji
pro zpracovani riznych materialii. Mezi hlavni vyhody patii velmi vysoka ucinnost, jednoducha
montdz, vyborna zivotnost ¢i vysoka presnost. Napiiklad typ Duoplan 2K 250 pouziva ozubena
kola se Sikmymi zuby. V systému se nachédzi né€kolik kulickovych a valeckovych lozisek.

Tésnéni zajistuji gufera na obou stranach skiiné. Na vystupu se nachazi ptiruba. [9]
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Obrazek 12 - prevodovka ZF Duoplan [9]
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Servoplan je planetova ptevodovka napojena na servomotor, ktery umoziiuje presné
natoCeni osy. Vyuziva se u balicich technologii, ale i u vyrobnich stroji. Vyrabi se v jedno
¢i dvourychlostnim provedeni. Vynika zejména vysokym dovolenym axidlnim zatizenim,
vysokou odolnosti vici radialnim silam, nizkou hluénosti, nizkou generaci tepla a také diky
vyskytu celozivotniho mazani (neni potieba ho ménit). Konstrukce obsahuje dvé kuzelikova

loziska, ozubeni s pfimymi zuby nebo gufera na obou stranach k zabranéni vytoku oleje. [10]

Obrazek 13 - prevodovka ZF Servoplan [10]

2.3.3. Neugart

Spolecnost Neugart se zaméfuje na planetové pievodovky. Jejich prevodovky
se vyznacuji flexibilitou provedeni, tudiz si zakaznik miize vybrat z mnoha rdznych
konfiguraci. Celkem nabizeji 3,7 milionu riznych kombinaci. Planetové pfevodovky Neugart
se vyuZzivaji u vyrobnich stroji, v robotice, v medicinském primyslu a v zemédélském

pramyslu.
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Ptevodovky nabizeji dlouhodobou zivotnost a spolehlivost, zejména diky unikatnimu
mazani, které neni potfeba po dobu zivotnosti ménit. Pozadavky na feSeni prevodovky mohou
byt velmi komplexni, avSak diky flexibilit¢ nabizenych pfevodovek je mozné najit nejlepsi

feSeni. Diky své presnosti umoziuji zlepsit kvalitu vysledného produktu.

Firma Neugart nabizi celkem 10 typi pro vyuziti u vyrobnich stroji. Pievodovky jsou
schopné prenaset moment do 1800 Nm. Umoznuji 1 provedeni, pii kterém jsou osy kolmé.
Na vystupu mize byt hiidel, pfiruba nebo duta hiidel. Existuji dvé jakosti, a to ekonomicka

[AA4

napiiklad typy PSBN a PLFN.

Typ PFHE reprezentuje efektivni feSeni pro aplikaci, kde se vyskytuje vysoké radialni
zatizeni. Kombinace kulickového loziska a dvou naklonénych véleckovych lozisek dodava
prevodovce vysokou tmosnost. Uniku oleje zabraiiuje gufero a tésnici krouzek. Tento typ

ma hiidel na vystupu z ptevodovky. [11]

Obrazek 14 - prevodovka Neugart PFHE [11]
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Typ PLQE nabizi jednoduché a spolehlivé feSeni. Tento typ miiZze byt piipojen piimo bez
nutnosti mezipiiruby. Velka kulickova loZiska jsou schopna absorbovat velké axidlni a radialni
sily. Obecné generuje pouze malé mnozstvi tepla pfi vysokych otackach, proto nabizi
uspokojivé teSeni i pro komplexni vyrobni cykly. K té€snéni je chytfe pouzito lozisko

s pouzdrem v kombinaci s tésnicim krouzkem. [11]

Obrazek 15 - prevodovka Neugart PLOE [11]
Typ PSBN je idealni pro svoji pfesnost a uc¢innost. Toto Feseni je schopné dodat vysoky
vykon pii generaci minimalniho hluku. Tésnéni je opét provedeno kombinaci loziska s t€snicim

krouzkem. U tohoto typu je pouzito Sikmé ozubeni. [11]

Obrazek 16 - pievodovka Neugart PSBN [11]
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Typ PLFN ma na vystupu piirubu, kterd zjednodusuje spojeni. Ozubenad kola jsou
navrhnuta pro nejvétsi vykon a aéinnost. Diky pouzitym loziskiim dokaze pracovat i pii velmi
vysokém zatizeni, jak v radialni, tak v axidlnim sméru. K tésnéni je vyuzita kombinace loziska

a tésniciho krouzku. Na vystupni strané je pouzito gufero. [11]

Obrazek 17 - prevodovka Neugart PLFN [11]

3. Pohony obrabécich stroji

Hlavni cil pohonu spociva v pteméné vstupni energie na mechanickou energii. Je nutné
ménit vstupni parametry (otacky, moment) Vv téméf kazdém typu konstrukce. Proto vznika
nutnost umisténi pfevodového mechanizmu. Pohony se vzdy voli dle zadanych pozadavkl
amusi je vzdy jednoznacné spliiovat. Proto se zavadi charakteristické parametry, které je dokazi

jasné¢ popsat. Obrabéci stroje nejcastéji vyuzivaji elektromotory.
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3.1. Pozadavky na obrabéci stroj

Pted zahajenim vyroby obrabéciho stroje se urcuji hlavni pozadavky, které musi dany
stroj dodrzet. Pozadavky urcuji konstrukci ramu, pfevodovky a vykon motoru. Korektni
konstruk¢ni navrh je hlavnim ekonomickym ukazatelem, jelikoz naptiklad v ptipadé
predimenzovani urcit¢ho elementu stroje dochazi k markantnimu nértstu ceny. V opacném
ptipad¢ hrozi kuptikladu nedostatecny vykon motoru ¢i pevnost ramu a stroje. Mezi vedlejsi
pozadavky se tadi ovladatelnost stroje, pfistupnost, rozméry stroje, pouziti automatickych

systémt a v dnesni dob¢ je kladen dliraz i na design.
3.1.1. Tuhost

Tuhost je schopnost odolat pfetvofeni pfi stalém zatizeni. Obecné plati, ze pii velké
tuhosti dochazi k malé poddajnosti a naopak. V Cisté teoretickém piipadé, pokud by se jednalo
o dokonale tuhé téleso, poddajnost by byla nulova. Dil¢i tuhost je tuhost jednotlivych ¢asti

a celkova tuhost je tuhost skupiny soucasti spolu spojenych.

Statickd tuhost definuje odolnost proti pruznym deformacim. Deformaéni sily mohou

zpusobovat na télese translacni nebo torzni deformaci. Z tohoto divodu se rozliSuje tuhost

. <N o NPT , dF
V posunuti a tuhost v nato¢eni. Nasledujici vztahy urcuji vypocet pro: tuhost v posunuti k = oAl

a pro torzni tuhost k = %. [12]

3.1.2. Piesnost stroje
Piesnost vyjadfuje schopnost piiblizeni k poZzadovanym tolerancim a vzijemnym
poloham obrobenych ploch. Odchylka vysledku oproti teoretickému modelu na konecném

produktu tedy vyjadiuje presnost stroje. Pfesnost se dé€li na vice druht, jelikoZ je ovlivnéna

mnoha faktory.

Geometrické pfesnost se vztahuje na samostatné skupiny ¢asti, z kterych je stroj vyroben.
Zejména na polohu ¢i drahu nastrojii a obrobku ¢i jinych ¢innych €lenil stroje. Pro zabranéni

zkresleni vysledku probiha kontrola piesnosti vZdy na nezatizeném stroji.
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Pracovni pfesnost je testovana pomoci vzorového kusu, ktery je obroben na méreném
stroji. Na vyrobeném kusu se nasledné proméfuje tvar, rozméry a vzajemna poloha ploch.
Je vhodné vyuzit vhodnych podminek méteni, jelikoz je ovlivnéno mnoha faktory. Naptiklad

teplotou, poddajnosti obrabéciho stroje, presnosti nastroje ¢i jeho opotiebenim a tak dale.

Kinematicka ptesnost uréuje chyby skupiny pohybi v disledku vyroby a montaze. Tato
piesnost je velmi dalezita u strojti pozadujici co nejpiesnéj$i pohyb (vyroba zavitii ¢i ozubeni).

[13]
3.1.3. Vykonnost, univerzalnost

Vykonnost nelze definovat jednotné, protoze riizné typy stroji maji jiné kvantifikatory
vysledné Uc€innosti. Vyjadifuje se pomoci objemu odebraného materidlu ve formé& tiisek
za jednotku Casu (pro hrubovaci stroje), velikosti obrobené plochy za jednotku Casu (pro
obrabéni nacisto), hmotnost vytvafeného materialu za jednotku Casu (pro valcovny) a pocet

obrobenych kusi za jednotku ¢asu (pro stroje pouzivajici ustaleny typ obrobku nebo buchary a
lisy).

Vyrobni stroje je mozno rozfadit dle jejich univerzalnosti, kterd znaci zptsobilost stroje
pouzit potfebny druh technologické operace. Univerzalni stroje maji Siroky okruh
technologickych operaci, naopak jednotucelovy stroj je urCen pouze pro jednu operaci ¢i pro
jeden typ vyrobku. Specidlni stroje jsou schopny splnit pouze jeden typ operace, ale pro riznou

variaci rozméru. [12]
3.2. Typy pohont
3.2.1. Synchronni motor

Statorové vinuti Synchronniho motoru je napajeno tfifazovym proudem, diky némuz
je vytvareno toCivé magnetické pole. Vyznacuje se souhlasnymi otd€kami S to¢ivym polem
statoru. Na rotoru jsou umistény permanentni magnety se stiidavymi poly. Lze ménit plynule
otacky, pokud stroj disponuje ménicem frekvence. Vyzaduje externi zdroj energie k prvotnimu

rozbéhnuti. Hlavnim benefitem jsou vysoké hodnoty akcelerace (zrychleni a zastaveni),

konstantni posuvova sila nebo pozi¢ni ptesnost stroje.
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V piipadé potieby piesného natoCeni rotoru se pouziva specialni typ konstrukce,
tj. krokovy motor. Rotor v daném ptipad€ obsahuje drazky, které umoziuji pii zméné polohy
magnetického toku natoceni vii¢i mistu s minimalni magnetickym odporem. Timto zpisobem

je umoznéna piesna poloha. [12],[14],[19]

e —

Obrazek 18 - synchronni motor [14]

3.2.2. Asynchronni motor

Disponuje mensimi otackami oproti tocivému magnetickému poli, proto se oznacuje jako
asynchronni. Toto zpusobuje jev, kterému se tika skluz (pohybuje se okolo 3 — 7 %). Stator
je totozny jako u synchronniho motoru. Rotor je vyroben z klecového vinuti s médénymi ty¢emi
(poptipadé mosaznymi nebo hlinikovymi). Po pfipojeni frekvenéniho ménice lze v urcitém
rozsahu plynule regulovat. Diky vysokému vykonu, rozsahu otac¢ek a mensi nakladnosti na

vyrobu to je nejpouzivanéjsi typ elektromotoru.

Zvlastnim piipadem asynchronniho motoru je elektrovfeteno, které se pouziva u HSC
neboli pii vysokorychlostnim obrabéni. Vieteno stroje je soucast motoru, tudiz pracuje piimo

jako rotor. Vyhoda spociva ve velké presnosti a vysoké tuhosti. [13],[20]
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Obrazek 19 - asynchronni motor [14]

3.2.3. Stejnosmérny motor

Tocivy stroj pfipojen na stejnosmérné elektrické napéti transformujici elektrickou energii
na mechanickou praci. Sklada se z né€kolika zakladnich ¢asti. Kotva je pfipojena na zdroj
stejnosmérného napéti a vytvaii magneticky tok. Stator je tvofen permanentnimi magnety nebo
budicim vinutim. Uspofadani je sériové a ¢asti statoru jsou zapojeny se stiidavou magnetickou
orientaci, tj. vytvaii severni a jizni magneticky pdl. Rotor ma po svém obvodu drazky,
ve kterém je umisténo vinuti z magnetické oceli. Mezi statorem a rotorem je mala mezera.
Komutator zajistuje periodické prepolovani, diky némuz mize sila na kotvé plsobit stejnym

smérem. Regulace otacek je umoznéna pfipojenim tyristoru. [14],[21]
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3.2.4. Linearni motor

Linearni motor si Ize predstavit jako rozvinuty synchronni nebo asynchronni motor. Casti
byvaji tvofeny obdobn¢ jako U vyse zminénych pohontl a oznacujeme je jako primarni (stator)
a sekundarni (rotor) dil. Jedna ze soucasti kona pohyb a druha je staticky upevnéna, tudiz
se konstrukce u obou moznosti lis§i. Ve velkém mnozstvi pfipadd je uvedena do pohybu
primarni ¢ast posouvajici se po libovolném poctu sekundarnich dili. OvSem vyzaduje
pohyblivy napajeci kabel, pohyblivy chladici systém a tak podobné. Linearni motor je schopen

velmi presného a rychlého polohovani. [22]

SEXUMDARMI DL

Obrazek 20 - Linedarni motor [21]

3.2.5. Hydromotor

Hydromotor spadd do takzvaného hydraulického obvodu, ktery sestdva
Z hydrogeneratoru (Cerpadlo), rozdélovace proudu a hydromotoru. Pracuje na principu vyuziti
tlakové energie. Cerpadla slouzi k piivodu média do obvodu, mohou byt zapojena do série, coz
ma za nasledek zvySeni tlaku. D¢Eli se na pfimocaré (jedno¢inné a dvoj€inné) a rotacni. Jako

pohon obrabéciho stroje se vSak téméf nevyuzivaji. [23]
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4. Planetova prevodovka — jednostupnovy reduktor pro posuvovy

mechanizmus

4.1. Zadané vstupni parametry

Vstupni parametry urcuji typ motoru a jeho charakteristické parametry. Dale také
obsahuji pozadavky na pievodovku a vstupni parametry do programu KISSSys, ktery slouzi

k navrhu zakladnich prvkia planetové ptevodovky (0zubena kola, ozubeni, bezpe¢nost atd.).

Motor 1FT7108-5SF7 Siemens

e Vykon P =18,8 kW

e Jmenovité otacky ne = 3000 min!

(max.)

e  Staticky moment Mo1 =91 Nm

e Jmenovity moment Myrated =60 Nm
Prevodovka

e Pievod 55

e  Piipustna odchylka on2p =0.05
jmenovitych otacek

e Celkova doba béhu T. = 15000 hod

e  Spektrum zatizeni —
zatézovaci stavy

Jmenovité parametry spektra M1=37,4 Nm
n1=-115,38 min?

» Pomérné

otacky
n, On' =[11.41.61326-26-13-1.6-1.4-1]
qn - ne
» Pomérny
moment
M. gqm' =[10.66 0.120.83 00 -0.83 -0.12 -0.66 -1]
Qu = M_e
» Pomérna
doba béhu
T gq=1[0.07 0.12 0.050.24 0.24 0.03 0.05 0.12 0.07]
T
e  Ukinnost zabéru n=10298
e Mazani Olejova lazen
e Olgj ISO VG 220
e Teploty
» Okoli 20°C
» Olgj 70°C
» Lozisko 70°C

Tabulka 1 - vstupni parametry
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4.2. Motor Siemens 1FT7108-5SF7

Vybrany motor se fadi pod vyrobni znacku SIMOTICS. Jedna se o synchronni motory,
které se vyznacuji piedev§im kompaktni stavbou, schopnosti splnit vysoké pozadavky
na vykon, vysokym rozmezim otacek, presnosti vystupni hiidele a velmi vysokou G€innosti.
Umoznuje pfirozené chlazeni, nucenou ventilaci a chlazeni vodou. Maximalniho vykonu lze
dosdhnout pomoci vodniho chlazeni. VeSkeré potfebné rozméry, vykony, otacky a dalsi
charakteristické parametry lze dohledat v katalozich od spole¢nosti Siemens. Varianta

1FT7108-5SF7 je chlazena pomoci nucené ventilace, které je dosazeno vestavénymi vétraky.

Rated  Shaft Rated Static Rated Rated SIMOTICS S-1FT7 MNum-  Moment Weight
speed  height power torque torque current Compact ber of of inertia (without
synchronous motors pole  of rotor brake)
pairs  (without brake)

Mrated SH Prated My Mratea lrated P J m

at at at at

AT=100 K AT=100 K AT=100 K AT=100K
rpm kW Nm Nm A Order No. 10 kgm? kg

(HP) (Ibr-ft) (Ibr-ft) (103 Ibin-s?) (Ib)
1FT7 Compact for DC link voltage 510 ... 720 V DC - Forced ventilation
3000 100 18.8(25.1)  91(67.1) 60 (44.3) 38 1FT7108-5SF7E-E M E N 5 248 (219.5) 64 (141.1)

Obrdazek 22 - parametry motoru

Dimensional drawings

For motor Dimensions in mm (inches)
Connector size Fan |
Size 1.5 Size 3
Shaft Type DIN &, b by Cq 24 f f; Sp [o % P [o h hy hy
height IEC P - N LA M AB T S - - - H - -
1FT7 forced ventilation, with connector, without/with brake
100 1FT710.-55 245 224 180 13 215 196 4 14 159 187 151 27 220 222
(9.65) (B8.82) (7.09) (051) (B46) (7.72) (0.16) (0.55) (6.26) (7.36) (5.94) (1.08) (B.6B) (B.74)
Flange 1 (1FTB-compatible) Flange 0 Shaft extension DE
without brake  with brake without brake  with brake
Shaft Type DIN iy k 04 k 04 fa i k 04 k 04 d ds | t u
height IEC - LB - LB - - - LB - LB - D - E GA F
100 1FT7105 80 404 238 456 290 65 87 397 231 449 283 38 M12 80 41 10
(3.15) (15.91) (9.37) (17.95) (11.42) (0.26) (3.43) (15.63) (9.09) (17.68) (11.14) (1.50) (3.15) (1.61) (0.39)
1FT7108 473 307 525 359 466 300 518 352
(18.62) (12.09) (20.67) (14.13) (18.35) (11.81) (20.39) (13.86)
1FT706 Shaft version Flange 1 Flange 0
1FT708 with feather key
1FT710 o =t
| [=-C; F] I Cye
Wy
t T l L &
¥ | p— - e , §|
g <8 ! !_ _cgggr@ %
T —r i =t
! o
-*i:*f‘ - pu i
-i"—b

Obrazek 23 - rozméry motoru
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4.3. Planetova prevodovka

Navrh planetové prevodovky byl proveden v softwaru KISSsys pomoci typizovaného
programu 1_rychl_planet_posuv. Software KISSsoft slouzi k navrzeni, optimalizaci a ovéfeni
strojnich soucasti dle mezinarodnich standardii. Modul KISSsys umoznuje uzivateli navrhnout

zakladni prvky pievodovky a rovn€z lze analyzovat hiidele, loziska a tak podobné. [Y]

Tvorba prevodovky je uskutecnéna zadanim nékolika vstupnich udaji. Mezi tyto udaje
patii kinematické schéma prevodovky, parametry motoru (vykon, jmenovité otacky, maximalni
otacky arozmery hiidele) a parametry prevodovky (vystupni otacky, vystupni moment, celkova

doba béhu a spektrum zatézovacich stavi).

Obrazek 24 - model typizovaného programu 1_rychl_planet _posuv

4.3.1. Popis a ovladani programu KISSsys

Program obsahuje hlavni listu S vypocetnimi funkcemi, strom vypoctu, zalozky
s vysledky a dal$i. V hlavni list¢ se vyskytuji zakladni funkce uloZeni ¢i nacteni souboru.
KumoZznéni jakékoli zmény musi byt odemknut administratorsky reZim (ikona E| ). Pro
spusténi vypocti ¢i aktualizaci slouzi ikona 2. Hlavni lista dale obsahuje nastaveni pohledu
na 3D model nebo také spusténi dalsich funkci, jako je vypocet u€innosti, dynamiky a tak

podobné.
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Ve stromu jsou obsazeny vSechny prvky, funkce a nastaveni, podle kterych KISSsys
provadi vypocet. V list¢ zalozky s vysledky se vyskytuje BearingCalculations (vypocet
lozisek), LoadSpectrum (jmenovité parametry spektra — dosazeno ze zadani),
PlanetaryGearCalculations (parametry vypocteného ozubeni — pocet zubl, praméry,
bezpec¢nost), ShaftCalculations (tidaje o htidelich), Speeds (vypocteny ptevodovy pomér)
a kSys3DView (3D zobrazeni modelu).

#HE SR FERLOCNF ¢

i
(=}

K] Loadspectnum 3 PonetaryGear Calaiaton 3 ShofCanlatons x|
—— ——

Administrator Lista — zalozky s vysledky

Hlavni lista

T
EYHMLBERELEED

Strom

General information about using KISSsys

Obrazek 25 - rozhrani programu

4.3.2. Nastaveni vypocétu

Pomoci funkce Dialog (moznost se nachazi v oteviratelném menu ve stromé¢) Ize dosadit
do Boundaryl pozadované parametry (viz Obrazek 26). Program poté vypolte vystupni
parametry, tj. parametry v prvku Boundary2 (viz Obrazek 27). V zalozce LoadSpectrum lze
vyplnit veskera zadana zatézovaci spektra. Po spusténi funkce ,,Run KISSsoft Calculation*
(ikona X na hlavni listé) program vypocte potiebné parametry pro pokra¢ovani, jako naptiklad
pievodovy pomér. Pievodovy pomér po vypoctech dosahuje hodnoty 5,4286 (viz Obrazek 28).
Lze tedy ptredpokladat, Ze nasledujici kroky budou korektni, jelikoZ se jedna pouze o 1,3%

chybu oproti zadanému pfevodovému poméru 5,5.
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[ select element for Boundaryl [ select element for Boundary2
Element: ~ Stagel.Shaftl.cln - Element: ~.Stage 1.Carrier. Coupling A
Speed constrained: Yes - Speed constrained: Ma ~
Speed: 1/min Speed: 1/min
Torgue constrained: Yes - Torque constrained: Mo -
Power [Torgue input: Torgue with sign - Power Torgue input: Torgue with sign hd
Torque: MNm Torque: MNm
Fower: Kk Power: kw
Cancel Cancel

Obrazek 26 - vstupni parametry Obrazek 27 - vystupni parametry
m Speeds
Speed Ratio
1 bear 5.4286

Obrazek 28 - vypocteny prevodovy pomer
Pomoci funkce CalcStage (strom programu) lze nastavit a specifikovat pozadované
parametry pro vypocet ozubeni. Funkce provede vypocet a vyhodnoti pouzitelné varianty, které

1ze tadit podle vSech parametri ozubenych kol a vybrat tak nejvhodné;si variantu.

V nastaveni vypoctu lze zvolit modul, uhly, osovou vzdalenost, pocet zubl, material
ozubenych kol nebo typ mazani. V ptipad¢€ potteby je mozné nastavit i vice pokrocilé vlastnosti
(napf. tolerance, vyrobni proces a tak podobn¢). Pro vypocet ozubenych kol slouzi funkce Fine
Sizing (viz Obrazek 29).

HHEwEEE AN

8 Basicdata  Reference profle  Manufacturing  Tolerances  Modifications ~ Rating  Factors
System data
Normal module ms mm Sun helix right hand e
Normal pressure angle o . Helix angle at reference circe B .
Center distance a mm | Mumber of planets l:l
Geometry
Sun Planets Internal gear Details...
Number of teeth z | 2] | a1 | 106 |
Facenidth b wan|]  wew|[  waen|m [T
Profile shift coeffioent x| -0.0792 ] i |
Quality (150 1328:1995) Q | 5] 6] 5]
Material and lubrication
Sun Case-hardening steel ~ | 18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 3/10 (MQ), Core hardness »>=25HRC Jominy J=12mm<HRC28 -
Planets Case-hardening steel ~ | 18CrNiMo7-6, case-hardened, IS0 6336-5 Figure 9/10 (MQ), Care hardness >=25HRC Jominy J=12mm<HRC28 -
Internal gear |Case-hardening steel + | 1BCrNiMo7-6, case-hardened, 150 6336-5 Figure 9/10 (MQ), Core hardness »>=25HRC Jominy 1=12mm<HRC28 -
Lubrication Oil: ISO-VG 220 v || 0il bath Iubrication -

Fine Sizing Obrazek 29 - nastaveni pozadavkit na ozubeni
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Nastaveni ~ funkce | @ -oe o
ConditonsI  ConditonsT | Conditins Tl Results  Graphics
Fine Sizing umoZNuje | memsrorsstens
Nominal ratiofdeviation in +% iie
upresnlt minima, maxima, [ Use 23fz: instead of the effective ratio
Mirimum Maximum Stepjdeviation
procentuélni OdChylky Normal module m. [ 0.9000] | 1.0000 | mm [ 0.0000 | mm “
Mormal pressure angle a [ 20.0000 | | 20.0000 | = [ 0.0000 | *
\ . wr Helix angle at reference circie B 20,0000 20,0000 > 0.0000 ] >
¢i  kroky, napiiklad ’ | | | | ‘ .
Center distance a [ 30.5000 | | 30.5000 | mm I 0.0000 | mm [ &
. , . Range for profile shift cosfficient x 7]
prevodového poméru,
Sun gear Planets Internal gear
- , Maximum tip diameter e 999999.0000| | 999999.0000| [ 999999.0000]  mm
modulu C1 osove Minimum raat diameter d ooooo| | nooon| | 00000  mm
. X Fix number of teeth f 2|0 0] 08| 0
VZdalenOStl (VIZ Obl‘azek Fix profile shift coefficient x 0.0799 | [ | o.szz| [ | 0.7288| [
Facewidth b wasm| | wssew| | weem| w0

30). Po vyplnéni vSech
pozadavkii se  funkce

spusti pomoci tlacitka

Calculate. Program

Accept Delete Report Caleuilate Close Contactanalysis ~ Restore

provede vypodet a zobrazi Obrazek 30 - nastaveni funkce Fine Sizing

seznam vsech pfijatelnych feseni.

Funkce Stagel_calc umoznuje definovat ¢asti planetové prevodovky (viz Obrazek 31),

jako napftiklad nastaveni hiideli, lozisek, podpér, rozloZeni sil a tak dale. U htideli Ize nastavit

pozici v soufadném systém, rozméry a drsnost povrchu. U lozisek je mozno ur¢it jejich polohu

a specifické loZisko (software obsahuje katalog s velmi velkym vybérem, proto se katalog

automaticky z0zi pouze na loziska podle zadaného vnitiniho ¢i vnéjsiho priméru). Po vybrani

loziska program automaticky vyplni praméry, Sitku a dal$i vlastnosti.

LIV S
—v— | —
MIgESeeg: - | -
K L0
= —
-

A A

Obrazek 31 - umisteni casti prevodovky
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Po vybrani vlastnosti jednotlivych ¢asti prevodovky je mozno pouzit funkci
LoadSpectrum (strom programu), ktera spusti sérii vypoc¢ta pro jednotliva zatézovaci spektra
(viz Obrazek 32).

[3 Select calculation

Type of calculation Full load spectrum -
Select load bin for single load calculation
Export KISSsoft calculation files? No -
Check multiple mesh gears? No -
Generate and open full KISSsoft report? Yes -
Consider power losses from efficiency template? No -
Consider housing stiffness? No -
Execute modal analysis? No -
Execute contact analysis? No A
Select calculations All (Gears, Shafts and Bearings) A
Comments |

Cancel

Obrazek 32 - nastaveni LoadSpectrum

Vypocet slouzi kuréeni bezpec¢nosti, zivotnosti a tak podobné. Vysledky lze nalézt
v zalozkdch svysledky ¢i ve vygenerované zpravé, kterd obsahuje soubor Results
a KISSsysReport. Vysledna bezpecnost a zivotnost musi byt vyhovujici v porovnani

s minimalni pozadovanou bezpec¢nosti a minimalni zivostnosti (viz Obrazek 33).

Safeties are not depending on size -
Required safeties for metal (ISO/DIN)
Root safety S
Flank safety SHuin
Safety against scuffing (integral temperature) S5
Safety against scuffing (flash temperature) SByin
Safety against micropitting S) win
Safety against tooth flank fracture Ser i

Obrazek 33 - minimalni dovolené bezpecnosti ozubent
U htideli je minimalni dovolena bezpecnost vzhledem k mezi kluzu (Static safety)

a vzhledem k mezi unavy (Fatigue safety) v rozmezi mezi 1,25 — 2.

Loziska musi mit Zivotnost minimalné 15 000 hodin (zadani).
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4.3.3. Vysledné hodnoty
4.3.3.1. Ozubeni

Zalozka PlanetaryGearCalculation obsahuje udaje o vybraném
ozubeni a zaroven i 0 vypoltené bezpecnosti (viz Obrazek 34).
Pti porovnani je ziejmé, Ze ozubeni vyhovuje, protoze hodnoty SF jsou

vetsi nez 1,4 a hodnoty SH jsou vétsi nez 1.

Vybrany materidl ozubenych kol je 18CrNiMo7-6, coz

je ekvivalentni material dle normy CSN 16 326.
4.3.3.2. Hridele

Vysledné hodnoty pro hiidele jsou zobrazeny v zdlozce
ShaftCalculations (viz Obrazek 35). Z vysledki je zfejmé, ze bezpecnost

vyhovuje, jelikoz hodnoty SDA a SSA jsou dostatec¢né (> 2).

Pfi urCovani parametri hiideli byl vybran material C45, coz

je ekvivalentni material dle normy CSN 12 050.

Planet_calc Stagel_calc

n 21,258 21,258
dn clockwise clockwise

material

wmin -0.0032799 -3.7778e-14
¥max 0.0037958 4,9896e-15
Zmin -0.024702 -2,7399e-15
Zmax 0.00034223 2.0745e-14
SDA 2,3008 11.057
SSA 5.240% 7.9982

Obrazek 35 - vysledné hodnoty hrideli

4.3.3.3. Loziska

David Griin
CalcStage

fileName
P 0.45197
T1 37.4
Tolc 202.94
nl 115.4
n3 0
nolc 20,575
mn3 0.9
beta3 20
aloha3 20
zl 23
z2 4
3 -108
b1 17.497
b2 16.991
b3 17.497
xl -0.07592
el -0.082179
e] 0.72885
dal 23.681
da2 40.916
da3 98,411
dfl 19.635
df2 36,57
df3 -102.46
SF1 2,106
SF2 1.415
SF3 2.054
SH1 105
SH2 1.110
SH3 2.118

Obrazek 34 - vysledné
hodnoty ozubeni

V zélozce BearingCalculations 1ze dohledat vypoctené hodnoty zivotnosti a piisobenti sil

na vybrané loziska. Zprava o vypoctu (soubor Results) muze byt pouzita pro dohledani

jednotlivych zivotnosti pfi urcitém zatizeni (viz Obrazek 37).
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Loziska byla vybrana od vyrobce SKF. Na vstupni strané (viz Obrazek 36 - pozice A)
se nachazi lozisko SKF 16009 (d = 45; D = 75, b = 10), na vystupni stran¢ (viz Obrazek 36 -
pozice B) bylo umisténo lozisko SKF 61820 (d =100; D = 125, b = 13) a lozisko u planetového
kola (viz Obrazek 36 - pozice C) je SKF NKI 12/20 (d = 12; D = 24, b = 20).

] F_“

HiE L‘@’ FQ

-

1

B

Obrazek 36 - umisténi loZisek

A B ¢ | | E | F | 6 |
40 | _O.StageiLifetime Static Safety Fx Fy Fz

41 |Binl 130906§17.734 o 1218 0
42 |Bin 2 237223)26.872 0 B803.8 0
43 |Bin3 10000004147.774 0 146.2 1]
44 |Bin4 19475421.367 0/1010.9 1]
45 |Bin 5 1000000§9999.99 ] 0 1]
46 |Bin 6 1000000§9999.99 ] 0 1]
47 |Bin7 19475421.367 0-1010.9 1]
48 |Bin 8 10000004147.774 0-146.2 1]
438 |Bin 3 237223)426.872 0 -803.8 o
50 |Bin 10 1309'06|1?.?34 ] -1218 o
31 | Results wj 174763§17.734

52|

53 |_O.Stage}Lifetime [Static Safety Fx Fy Fz

34 |Binl 14995898.943 -124.2 0 2233
35 |Bin2 A427950813.55 -82 0 1473.7
56 |Bin 3 1000000¢74.523 -14.9 0 268
57 |Bin4 27908§10.775 -102.1 0 1853.3
58 |Bin5 1000000§9999.99 ] 0 1]
58 |Bin 6 1000000§9999.99 ] 0 1]
60 |Bin7 2 10.775 -103.1 0-1853.3
61 |Bin8 1 74.521 -14.9 0 -268
62 |Bin 3 427950013.55 -82 0-1473.7
63 |Bin 10 14995388.943 -124.2 1] -2233
64 |[Results wi 237848 8.943

Obrazek 37 - Zivotnost pri jednotlivych zatizenich

KISSsys nabizi moznost exportovat 3D model ptevodovky do vybraného CAD systému.

Vystup neobsahuje zakétovany souradny systém a Casti tedy musi byt premistény rucéné

dle rozméra pouzitych pii jejich vypoctu.

Obrazek 38 - vystup z KISSsys
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4.3.4. Ruéni vypocet ozubeni (kontrola rozméri)

Zadané parametry:

m=0,9mm ... modul; oo = 20° ... thel zabé&ru; B = 20°... Ghel sklonu; hf" = 1,25 ...vyska zubu;
(hf* = ha* + Ca* =1+ 0,25)

z1 = 23 (pocCet zubu centralniho kola); z> = 41 (pocet zubi satelitu); zz = 103 (pocet zub

korunového kola)

X1 = -0,07992 (korekce centralniho kola); xo = -0,082179 (korekce satelitu); x3 = -0,72885

(korekce korunového kola)
Schéma:

1 — centralni kolo (vnéjsi ozubeni)
2 — satelit (vnéjsi ozubeni)

3 — korunové kole (vnitini ozubeni)

Vypocet:

Mezi centralnim kolem a satelitem (1 - 2):

tga, =9% = 0,387 > a, = 21,156° ... &elni tihel zabéru

cosf
_ mxzy _
d, = wosf 22,028mm
d, = To;sz; = 39,268mm ... pramér rozte¢né kruznice

dp1 = d; * cosa; = 20,543mm

dp, = d, * cosa; = 27,295mm ...prumér zékladni kruznice

degy =dy—2+xmx* hg +2xmx* x; = 19,634mm

df =dy —2xmx hy +2xmx* x, = 36,870mm ...primér patni kruZnice

a=0,5x*(dy +d;) =30,648mm ... teoreticka osova vzdalenost
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z1+ 2z, Ix *x2xtga
Ix = 2+ iga * (eva,,; — eva,) — eva,,; = W + (tga; — a;)
Jxx2xtga T * Ay
= —+ (¢ ———) =0,015905
vz, (tg9e 180°)
Hodnota 0,015905 spadd dle tabulky hodnot eva a

evolventni funkce mezi thel 20°20° a 20°30°. Xt 20°20° Vi 0,015689

Hodnoty téchto uhli jsou vyznaéeny v tabulce.

o .
Vztah pro vypocet hledaného x| X ? (hledane) |y 0,015905

y—W1 _ Y2—V1 X2 20°30° Y2 0,016092
X — x1 xz - x1

Tabulka 2 - evolventni funkce
Y=y * (2 — x1)

X =x,+ = 20,422°
! V2 —y1)
_axcosay
a,, = —— = 30,499mm
COSQyyt

E \
dy = 2% aW—T—m*ca = 23,678mm

d1 \
doyy = 2% aW—T—m*ca = 40,914mm

Porovnani:

KISSsys Rucéni vypocet
day 23,681mm day 23,678mm
daz 40,916mm day 40,914mm
dfy 19,635mm dfy 19,634mm
df2 36,870mm df2 36,870mm

Tabulka 3 - porovndni vysledkii

Vysledky ruéniho vypoctu se nepatrné lisi oproti softwarovému vypoctu, jelikoz ¢isla
byla zaokrouhlovana na tii desetinnd mista. Software béhem vypoctu ¢isla nezaokrouhluje,

zaokrouhluje pouze vysledky.
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Vypocet byl proveden pomoci zakladni geometrické charakteristiky pro vnéjsi valcové
korigované soukoli s Sikmymi zuby. [1] Vypocet rozmért mezi satelitem a korunovym kolem
(2 - 3) by byl lehce odlisny, protoZe se jedna o vnitini valcové korigované soukoli se Sikmymi

zuby.
4.4. VVypocet a kontrola spoji

MITCalc je ptidavek do programu Excel a slouzi k provadéni strojirenskych
a technickych vypocti. Je pouzivan zejména k navrhu soucasti a vypoctit s nimi spjatymi.
Ovladani je jednoduché a intuitivni. MITCalc obsahuje navrhové a kontrolni vypocty ozubeni
(Celni, kuzelové, Snekové), fement (klinové, ozubené, fetézové), loZisek, nosniki, hiideli, spoji
(Sroubové, cepové, hiidelové), toleranci a spoustu dalsich. Software je propojen s CAD systémy

a umoziuje export vykresu nebo 3D modelu do téchto systémt.
4.4.1. Vypocet tésného pera

Pero umozni pfenos momentu z vystupni hiidele motoru na vstupni htidel pfevodovky.
Ze specifikace motoru je vidno, Zze pramér vystupni hiidele motoru ¢ini 38 mm. Pera jsou
normalizovana dle CSN 02 2562. Pro zji§téni potiebnych Gdaji pro pera a drazky se postupuje
podle normy. Pro priamér hiidele 30 mm az 38 mm se voli pero 10x8 (Sitka x vyska). Norma

také obsahuje rozméry drazky a jeji zaobleni, uloZeni a tolerance.

Po vybrani potiebného rozsiteni v MITCalc (Spoje — Hiidelové spoje) se otevie list
s vypoctem tvarovych spoju hiidele s nabojem. Toto rozsifeni obsahuje vypocty pro piesna
pera, Woodruffova pera, rovnoboké a evolventni drazkovani a pevnostni kontroly téchto spoji.
Vsechny typy vSak maji spoleéné vstupni tdaje pro vypocet. Diky tomu lze porovnat

vyhodnéjsi spoj, a to z hlediska rozméri spoje, potfebného prostoru ¢i bezpeénosti.

Pfed zahajeni vypoctu je nutné specifikovat vstupni Udaje. Mezi tyto udaje spada
prenaseny vykon, otacky, material hiidele ¢i naboje, zpusob zatizeni a pfedbézny navrh hiidele.
Nasledné je nutné vybrat normu, podle které bude program vybirat jednotlivé rozmeéry.
K vypoétu byl pouzit typ pera K, tzn. dle normy CSN 02 2562. Poté sta&i vybrat material pera,
dosadit primér htidele a program automaticky vyplni vSechny potfebné rozméry dle normy.
U nékterych rozmért se nachdzi moznost zaskrtnuti. V takové ptipadé se pti zaskrtnuti rozmér

vyplni automaticky dle nejvhodnéj§i moznosti vzhledem k zadanym parametrim
(viz Obrazek 39).
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1.0 Spoletné vstupni idaje
1.1 Jednotky vipodtu SurtsNmm i) v | 116 Material hiidele (min. pevnost v tahu) [tvrdost]
17 Pfenaeny vykon P 18,80 k] 117 | A Konstrukéndocel (350) [H3 150-200] - [¢
1.3‘ Otadky hiidele n 3000,0 | [fmin] 1.18 Mez pevnost v tahu Rcin 350 [MPa]
1.4‘ Kroutici moment T 59,84 [Mm] 1.19 Dovoleny tiak Po 90 [MPa]
1.5 Zpisob zatiZeni, provozni parametry 1.20 Dovoleng napét v krutu i 140 [MPa]
16 Charakter pohonu Rewnomémy +| 121 Material néboje (min. pevnost v tahu) [tvrdost] _
1,]"‘ Typ zatizen Piyniy - 1,22 | A Konstrukiniocel (3500 [M3 150-200] - | [¢
1.8 Charakter provozu Jedrosmémy - 1.23 Mez pevnosti v tahu [ 350 [MPa]
1.9‘ Pocet rozbéhd v tisicich 10 - 1.24 Dovoleny tlak Po 90 [MPa]

1, 10‘ Pofadovand Zivotnost spoje 15000 h]

1.11 Provedeni spoje, pfedb&fny navrh priméru hiidele 1.26 Provozni koeficienty

1.12‘ Provedeni spoje Pevny spaj A 1.2]" Koeficent provedeni spoje Ks 1,0

1. 13‘ Vnitfri primér dutého hifidele d.| 0,000 [ramn] 1.28‘ Koefident wyusit spoje K. 1,0

1.14‘ PoZadovana bezpeinost [ 1,70 1.?_9‘ Koefident Zvotnosti Ks 1,0

1.15‘ Minim&lni primér hiidele O 15,5 [ram] 1.301 Koefident opotfebeni Ko 0,7

A+ PFesna pera
2.0 [v] Parametry spoje, material pera, navrh rozméri
2.1 Parametry spoje 2.6‘ Material pera (min. pevnost v tahu) [tvrdost] _
2.7 Typ pera K _ CSN 022562 - 2.7 | A Konstrukéniocel (350) [HE 150-200] Lair]
2.3‘ Pofet per i 2.8 Mez pevnosti v tahu R 350 [MPa]
2.4‘ Koefident rozloZeni zatizeni K. 1,00 2.9 Dovoleny tak P 90 [MPa]
2.5‘ Celkovy provozni koefident Ks 1,00 [

2.11‘ Navrh rozmérid spoje

2.12‘ Pera pro priméry 6~ 230 [ram]

213 Min, primér hfidele diee 15,5 from]

2.14 Primér hidele d| moo0 [ [+ [mm)

2.15 Perg 10x8 - [

2,16 Sitka / vyika pera bfh 10 8 [ram]

2.17 Zacbleni pera f sraZeni hran Rfs 5 0,7 [ram]

2,18 Parametry drazky v hiideli t/d, 4,7 33.3 [ram]

2,19 Minimalni funkéni délka pera L st 18,7 [ram]

220 Minimélni délka pera Loen 25,7 [mm]

2.21‘ Davoleny rozsah délek pera 25 ~ 110 [ram]

2.77 Zvolend délka pera L] 32000 %0 * | [mm] [v]

3.0 [ Pevnostni kontroly spoje

3.1 Kontrola hiidele na krut 3.5 Kontrola otlateni drazky hiidele

3.2 Dovolené napét v krutu i 140 MPa] 3.6 Daovaleny tlak Do 90 [MPa]
3.3 Srovnavad napéti T 8,3 [MPa] 3.7 Srovndvad tak p 449 [MPa]
3.4 Bezpefnost 16,96 3.8 Bezpefnost 2,00

3.9‘ Kontrola pera na otla&eni 3.13‘ Kontrola otlageni draZky naboje

3.10 Dovoleny tlak P a0 [MPa] 3.14 Dovoleny tlak Pe a0 [MPa]

3.11 Srovndvad tak p 449 MPa] 3.15 Srovndvad tak p 39,2 [MPa]

3.12 Bezpefnost 2,00 3.16 Bezpefnost 2,30

Obrazek 39 - vypocet téesného pera v MITCalc

4.4.2. Vypocet rovnobokého drazkovani

Rovnoboké drazkovani bylo pouzito pro pfenos momentu z Uunasece na vystupni hidel

pfevodovky. Vstupni hodnoty jsou identické se vstupnimi hodnotami pro vypocet tésného pera.

Pro vypocet je nutné vybrat normu, dle které budou hodnoty vypliiovany. Pro tento vypocet

drazkovani byla pouzita norma CSN ISO 14. Dale je potieba vybrat rozméry drazkovani, které

jsou voleny podle priméru diry. Po vybrani program vypocte potiebné rozméry a provede

kontrolu tohoto spoje (viz Obrazek 40).
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6.1 Parametry spoje
6.2 Typ dréskovani | D_150 14 - Lehics fada |
6.3 Koeficient rozlodent zatifeni K| 0,75 T :“
6.4‘ Celkovy provozni koeficent Ks 1,00 iﬁ/ : \“;‘-
6.5 Wavrhrozmérlispoje | P A
i = s w gy !’-_,.'.l'
6.6 Drazkovani pro priméry 26 ~ 120 [mm] L
6.7 Min. primér hfidele o 15,5 [mm] |
6.5 Dratkovani 26 - 6:2326 L
6.9 VndiE primér draskovani D %6 (] b
6.10 Vnitini primér draskovani d 23 [m] 5
6.11 Potet crisek n 6 NS , U ,
6.12 Sirka zubu b 6 [mm] d d
6.13 SraZeni {zaobleni) hran g 0,3 [mm] D ] D \
6.1‘4?I Min. funkéni délka drazkovani L e 22,8 [mm] i
6.15 Zvolend déka dratkovani L 25,000 |2 [mm]
7.0 [ Pevnostni kontroly spoje
7.1 Kontrola hfidele na krut 7.5 Kontrola otlageni na bocich draZkovéni
7.2 Dovolené napéti v krutu i 140 [MPa] 7.6 Dovoleny tak Bo a0 [MPa]
7.3 Srovndvad napét T 25,0 [MPa] 7.7 Srovnavad tak p 48,2 [MPa]
7.4 Bezpeinost 5,59 7.8 Bezpecnost 1,87

Kontrola délky drazkovani:

Zadané parametry:

Mk = 59,84Nm

Obrazek 40 - rovnoboké drazkovani

Drazkovani: zxdxD=6x23 x26

n = 3000 min*
po = 90MPa
2+ Mk
(D + d)
L> . >
0,75 = (T) * Z % Dp

8,04mm

D¢lka drazkovéani vyhovuje. Vypocet se lisi, jelikoz software bere v ivahu vice faktora.

Vypocet pomoci softwaru je presnéjsi.
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4.4.3. Kontrola Sroubovych spoju

Schéma:

Motor Pievodovka

Sané

Spojeni A — piiruba pirevodovky k pfirubé motoru

Pocet Sroubli: i = 4. Rozméry desky: a = 196 mm (Ctvercovy tvar); t = 10 mm

Vzdalenost od osy: diry jsou umistény na kruznici o poloméru 75 mm, vzdy s posunutim o 90°
Spojeni B — deska k sanim

Pocet Sroubii: i = 4. Rozméry desky: a =410 mm; b = 140 mm; t = 15 mm

Vzdalenost od osy: x1,2 = 85 mm; X34 = -85 mm; y13 =30 mm; Y24 =-30 mm

Pro kontrolu byl pouzit program KISSsoft. Ve stromé programu se nachdzi sekce
spojeni (Connections), kterd slouzi pro kontrolu naptiklad Sroubovych spoji. K nastaveni
programu je nutné zadat vstupni hodnoty Sroubového spoje. Mezi tyto hodnoty spada zatizeni
systému pfi¢nou silou a momentem. Déle je nutné vybrat pouzity Sroubovy spoj a jeho tvrdost.
Poté nasleduje vybér ptfidavnych informaci o spojeni jako naptiklad, zdali spoj vyuziva
podlozky, matice a tak podobné& (viz Obréazek 41). Nakonec se urci rozmery spojovanych ¢asti
a rozmisténi Sroubd vzhledem k osam. Program také nabizi moznost ur€it podminky systému
(teplota, pocet zatizeni a tak dale). Po spusténi vypoctu program umoziuje vygenerovani

reportu, ve kterém se nachazi veskeré potebné informace ohledné spoje.
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[ xisssoft - Student version - Bolt calculation according to VDI 2230 - spojeniA M40 - a b3
Fie Propct View Colclothn Repurt Grophics Etrss felp
T T N R P =] 3 w2
UqaEsx a2 I ERE @ KiSSso
¥ Srobem modies " opsrng toe o ,
ey ot Zalozky s nastavenim .
s
= Cytndncal gears Tarque " 0.0000 Hem potal force (min/max) rA 0.0000 00000 1
Sheanng force [ 0.0000| 1 Bending moment (min/max) Ma. 11,0000 114.0000| Wm
Shearing force F, 9700000 | N Banding moment (mi 0.0000 00000 Nm
Balt data
Bokt type Hexagen head screw without shank (4 8) DIN EN 1S 4017:2001 -
- Refarance f 100000 mm [© N8 Re=16 (Miling) R, 16.00] pm
. Strength class. 88 ~| | Define..
So/s 15081 Type of bottng Washe Tightening technique
@) Bind hole Define... [] under balt head Dfine. Tarque wrench (by estimating the coefficient of frictian)
ymic plain journal beanng
irodymamic plain thrust bearing Ot under at =

] Length of engagement Extension sleeves without external forces
(] unar balt head

under nut

Strom - Connections

[Fmin}/ (Fruax] 650969 1 1646145
" Glued and soldered joints
© snop ring Required tightening torqus (Nm) [Wmin’ (Mmax] 1211 2180
~ Springs
& comgression springs and conical campre. ettt T
Q Tension springs v Result (basi calouanon)  Results (specal caleulotion)  Messoges  Tnformation

Obrazek 41 - nastaveni vypoctu v KISSsoft

V reportech se nachazi udaje o bezpecnosti spoje. Spoje A i B vyhovuji (viz Obrazek X

a Obrazek Y). Reporty jsou v piiloze bakalaiské prace (viz Ptiloha 2 a 3). Report obsahuje i

potfebny utahovaci moment. Po zprimérovani utahovaciho momentu s utahovacim

koeficientem 1 a 1,8 (w

. 21,8+12,11

moment rovna = 16,96 Nm a u spoje B se rovna

. 50,72+28,18

) vyjde idealni utahovaci moment. U spoje A se utahovaci

= 39,42 Nm.

Calculation with the maximum required assembly preload with tightening factor:  1.80

Safety against yield point [SF]
Safety against fatigue [SD]
Safety against pressure [SP]

Calculation with maximum attained pretension force:
Safety against yield point [SF]
Safety against fatigue [SD]
Safety against pressure [SP]

Obrazek 42 - bezpecnost spoje A

2.28
1000.00
5.58

1.16
1000.00
2.85

Calculation with the maximum required assembly preload with tightening factor:  1.80

Safety against yield point [SF]
Safety against fatigue [SD]
Safety against pressure [SP]

Calculation with maximum attained pretension force:
Safety against yield point [SF]
Safety against fatigue [SD]
Safety against pressure [SP]

Obrazek 43 - bezpecnost spoje B
51

1000.00
9.43

1.16
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4.5. Porovnani pivodniho a nového reSeni

4.5.1. Puvodni FeSeni

David Griin
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SKRIN
Obrazek 44 - dosavadni rFeseni
Plvodni feSeni vyuZzivad pro ptenos kroutictho momentu —

jednostupiiovou pievodovku s ¢elnimi ozubenymi koly s pfimym
ozubenim. Vstupni hiidel je ulozena pomoci kulickového loziska.
Pfenos momentu z motoru na vstupni hiidel s ozubenym kolem
je uskute¢nén pomoci kotoucové svérné spojky. Pfenos momentu

ze vstupni na vystupni htidel je realizovan opét pomoci kotoucové

svérné spojky.

kulickovych lozisek. Prevodova skiin obsahuje otvory Vv horni

a spodni ¢asti skiin€ pro napousténi a vypousteni oleje.
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4.5.2. Nové reSeni

David Griin

1L
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Obrazek 46 — nové reseni

Obrazek 47 — 3D pohled
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Novy navrh byl feSen pomoci planetové pievodovky. Pozadavek na Zzivotnost
je 15 000 hodin. Mazani je dosazeno pomoci olejové lazné a rozstiiku. Pienos krouticiho
momentu ze vstupni hiidele na vystupni hfidel je realizovan ozubenymi koly, a to pomoci
centralniho ozubeného kola, tfemi satelity a korunovym kolem. Ozubend kola maji $ikmé
ozubeni, coz je vyhodné kviili zabéru vice zubti najednou a kvili vEétsi tnosnosti. Satelity
prenaseji kroutici moment na unaSe¢, Ktery je pfipojen na vystupni hiidel. Pfenos momentu
je umoznén rovnobokym drazkovéanim. Pfenos krouticiho momentu z motoru na vstupni hiidel
ptevodovky je realizovan pomoci pfesného pera a z vystupni hiidele ptevodovky na kulickovy

Sroub pomoci kotoucové svérné spojky od firmy Stiiwe (typ HSD 50 — 22).

Upevnéni a umisténi pfevodovky je feSeno spojenim piiruby na vstupni strané s motorem
a priruby na vystupni stran¢ s deskou. V obou piipadech byl pouzit Sroubovy spoj. Deska
je navrzena tak, aby vycentrovala osy vystupniho hiidele pfevodovky a kulickového Sroubu.
Deska je pfiSroubovana k sanim pomoci ¢tyf Sroubll a obsahuje otvory pro stiedici koliky

k dosazeni co nejvetsi piesnosti.

Dale byla pouzita dvé kulickova loziska, kterd byla umisténa na vstupni hiideli a unaseci.
Pro vypocet zivotnosti, namahani a bezpecnosti byl pouzit program KISSsys, ktery
zkontroloval pozici a typy lozisek. Kazdé lozisko je zajisténo pojistnym krouzkem na kazdé

stran€.

Olejova lazen poskytuje dostate¢né mazani potiebnych ¢asti. Diky ¢astecnému ponotfeni
satelitu do 1azné dochazi k rozstiiku oleje v prostoru skiin€. K napusténi a vypusténi slouzi
otvory v horni a spodni ¢asti skiiné. Otvor s vypoustécim Sroubem byl umistén v poloze,
ve které je mozno vypustit nejveétsi objem oleje ze skiiné prevodovky bez nutnosti demontaze.
Ke spravné funkénosti prevodovky musi byt zamezeno uniku oleje. Pfevodovka obsahuje mista,
ktera by zptsobovala unik oleje, proto jsou v pfevodovce pouzita gufera a tésnici krouzek.
Gufera zabranuji iniku oleje ze skiiné a vyskytuji se na vstupni a vystupni strané prevodovky.
Pro dosazeni maximalni funkénosti gufera musi mit hiidel v misté dotyku tvrdost alespoii
50 HRC. Otvor v ptirubé (¢i viku) u ramene gufera usnadnuje demontaz. T&snici krouzek
umistény v drazce ve viku (spoj s centralnim kolem) zamezuje tniku oleje. Celkové tyto prvky
vylucuji jakykoli tnik.

Diky pouziti Sroubovych spojli je mozné prevodovku jednoduse demontovat.5
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4.5.3. Pouzité prvky u nového reSeni

Spojeni hiidele a naboje pomoci t&sného pera je normalizovano dle CSN 02 2507.
Vystupni hiidel motoru ma primér 38 mm. Pro tento primér se pouziva pero 10x8 (Sitka x
vytka). Hloubka drazky v hfideli ¢ini ¢t = 4,75"* mm a v naboji t; = 3,31, mm. Sitka
drazky je b = 10Zggs; mm ajeji zaobleni je R = 0,6%,, mm. Mezni tchylka délky pro drazku

v 40,3
¢ini [ = 32, mm.

Zaobleni tésného pera 10x8 dosahuje rozméru R = 0,7;0‘2 mm. Délka pera
je normalizovana a pero muaze byt dlouhé 25 az 110 mm. Pera jsou vyrabéna v uréitych délkach.
Po vypoctu a kontrole bylo tedy zvoleno pero s délkou 32 mm. Mezni uchylka délky pro pera

¢ini l = 32%,5 mm. [15]

Loziska byla vybrana z katalogu firmy SKF. Jednofada kuli¢kova loziska upravuje norma
CSN 02 4635. Software KISSsys uréil toleranci hiideli J6. Jsou pouzity celkem 3 typy loZisek.
SKF 16009 (1x), SKF 61820 (1x) a SKF NKI 12/20 (3x). Veskeré pozadavky pro spravnou

funk¢nost jsou uvedeny v katalogu vyrobce.

Gufero neboli hidelovy tésnici krouzek upravuje norma CSN 02 9401. V misté dotyku
gufera s povrchem by mél dosahovat tvrdosti alesponn 50 HRC a veskeré nerovnosti by mély
mit obly profil k zabranéni opottebeni a naslednému nedostate¢nému t€snéni. Norma dale uvadi
rozméry gufera podle priméru hiidele. VeSkeré pozadavky pro spravnou funkcnost jsou
uvedeny Vv katalogu vyrobce. Pfiklad rozmérd pouzdra, ve kterém je gufero umisténo: primér
pouzdra D = 80 H8; srazeni hrany 13,4, = 0,8 mm; srazeni hrany pro usnadnéni montaze Cini
2 x 30° (dle katalogu 15° - 30°); Sitka pouzdra musi byt minimalné€ o 0,3 mm $ir$i, nez je Sitka
gufera, tzn. B,,;, = 10,3 mm.

Pojistné krouzky pro hiidele a pro diry jsou normovany (CSN 02 2930 a CSN 02 2931).
V sestave jsou pouzity dva pojistné krouzky pro hiidele a dva pojistné krouzky pro diry. Ptiklad
rozmérd pro pojistny krouzek na vstupni hiideli: tloustka s = 1,75 h11, vnitini primér

krouzku d3 = 35,25('2° mm, primér drazky d, = 38 h12; §itka drazky m = 1,85 + 2,5 mm.
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45.4. Porovnani

Nové feseni pomoci planetové prevodovky se 1isi tim, ze motor — pfevodovka — kulickovy
Sroub maji stejnou osu. Jsou tedy souosé. Kotoucova svérna spojka byla pouzita pouze
K pfenosu momentu z vystupni hiidele pfevodovky na kulickovy Sroub, kdezto v ptivodnim
feSeni byla pouzita vicekrat pro prenos momentu na ozubené kolo a poté z ozubeného kola
na vystupni hiidel. Skiin prevodovky se lisi. V pivodnim feSeni se nevyskytuji hiideloveé té€snici

krouzky (gufera), uniku oleje brani nalisovani a té€snici O-krouzky.
4.6. Technicko - ekonomické zhodnoceni

Hodnoti se pouzita provedeni. V novém feSeni byl pouzit rozdilny typ ptevodovky.
Z toho diivodu bylo nutné zménit i umisténi motoru. Reseni s planetovou pievodovkou pouziva
ozubend kola s Sikmymi zuby, kdezto pivodni feSeni mélo ozubeni piimé. Planetova
pfevodovka, ve srovnani s béznymi ptfevodovkami s celnimi koly pro pfevody vétsi nez 4,
vykazuje mensi rozméry. Primér skiin€ se urcuje podle priméru korunového kola, jehoz
zatizeni je urCeno nckolika satelity. Loziska centralniho kola a unaSece nejsou zatizena
radidlnimi silami, coz zvySuje Zivotnost a umoziiuje volit mensi tloustku stény skiiné
pfevodovky. Konstrukce skiiné je zalozena na télesech valcovitého tvaru, kterd umoziuji
spojeni pfirubami, které snizuji ndklady na vyrobu a montdZz. Spojeni vystupni hiidele
prevodovky s kulickovym Sroubem pevnou tieci spojkou zajistuje bezvilovost, a tim dobré

dynamické vlastnosti polohového servomechanizmu.

Existuje n€kolik moznosti, jak zanalyzovat a kvantifikovat kvalitu feseni. K porovnani
puvodniho a nového feseni lze napiiklad ke kazdému prvku pfifadit urcitou hodnotu, kdy
hodnota miiZe byt maximalné stejné velka, jako je idedlni feSeni. Po secteni vyslednych hodnot

se ur¢i vyhodnéjsi varianta.
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Porovnani obou feSeni

Je nutné zvazit, které vlastnosti jsou potiebné a ovliviiuji celkové feSeni. Tyto vlastnosti
musi byt relevantni. Pfevodovka méa za tkol pfenaSet moment a zaroven ménit otacky
a moment. Transformace momentu je jeden z hlavnich faktort. Dulezité je také napiiklad

demontaz ¢i vypousténi a napousténi oleje.

Veskeré relevantni faktory jsou tedy vyplnény v nasledujici tabulce, kde je jim pfidélena

hodnota (0 — nejhorsi; 5 — idealni).

Z technického hlediska jsou porovnavany charakteristické znaky pievodovky, jako
je transformace, pouzitd ozubena kola, hlu¢nost, zastavbovy prostor, demontaz a tak podobné¢.
Z ekonomického hlediska se srovnavaji naklady na vyrobu daného feSeni. Spadaji sem
napiiklad vyrobni naklady, naklady na servis (vyména spojli, demontdz), nakupni naklady

(Sroubové spoje, té€snéni a tak dale).

Parametr Piivodni feseni Nové feseni Idealni feseni
Transformace momentu a otacek 4 4 5)
Ozubena kola 3 5 5
Hlucnost 3 4 5
Zastavbovy prostor 4 3 5
Tésnéni 4 4 5
Demontaz 3 5 5)
Pouzité spoje 4 4 5)
Zivotnost 4 4 5
Soucet 29 33 40
Hodnoceni 72,5% 82,5% 100%

Tabulka 4 — porovndni z technického hlediska
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Parametr Piivodni feseni Nové feSeni Ideélni feseni
Vyrobni naklady 3 4 5
Nékupni néklady 4 4 )
Servisni naklady 3 4 5
Soucet 10 12 15
Hodnoceni 66,67% 80% 100%

Tabulka 5 - porovndni z ekonomického hlediska

Tabulky naznaCuji, Ze nové feSeni je zekonomického i technického hlediska

vyhodnéjsi. Po pouziti této analyzy lze pripadné vylepsit mén¢ vyhovujici parametry a upravit

je.

Zhodnoceni nového feSeni

Hodnoceni jednotlivého feSeni je mozné zrealizovat napiiklad pomoci SWOT analyzy.

Tato analyza porovnava silné stranky (S — strengths), slabé stranky (W — weaknesses),

piilezitosti (O — opportunities) a hrozby (T — threats). Pro kone¢ny vysledek se se¢tou hodnoty

silnych stranek a pfilezitosti a odeétou se slabé stranky a hrozby. Vysledné ¢islo (kladné ¢i

zaporné) urci, zdali je feSeni vyhodné ¢i nikoli.

V ptipadé SWOT analyzy je nutné roziadit prvky prevodovky do spravné skupiny.

K urceni co nejptesnéjsiho vysledku je potieba vyplnit co nejvice hodnot a ptiradit jim spravné

vahy.
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S | Silné stranky W | Slabé¢ stranky
Sikmé ozubeni +4 | Sestaveni pirevodovky -2
Planetova prevodovka +4 | Zajisténi lozisek pojistnymi krouzky -3
Sroubové spoje +4 | Htidele alesponn 5S0HRC kvuli guferim | -2
Soucet +12 | Soucet -7
O | Prilezitosti T |Nebezpeci
Snadnd vyména oleje +4 | Spatné vycentrovéani desky s osami -4
Snadna vymeéna Sroubt +3 | Spatné nasazeni gufera -3
Soucet +7 | Soucet -7
Skore +5

Tabulka 6 - SWOT

Z vysledku lze konstatovat, Ze pozitiva pfevazuji nad negativy. Lze tedy povazovat nové

feSeni za vyhodné.
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Zavér

Hlavnim tématem bakalaiské prace byla konstrukce planetové pievodovky, piesnéji
jednostupniovy reduktor pro posuvové mechanizmy. Na tuto pfevodovku je napojen motor
Siemens 1FT7108-5SF7. Konstrukéni feSeni muselo byt feSeno vzhledem k nové zadanym
pozadavkiim. Dale muselo byt dosaZeno potiebné Zivotnosti, tedy 15 000 hodin. V prvni ¢asti

bakalaiské prace byla provedena reserSe prevodovek (obecné informace, rozdé€leni), typy

planetovych pievodovek a pohonti obrabécich stroju.

Druhé cast se zabyva konstruk¢nim feSenim pfevodovky s ohledem na nové stanovené
pozadavky. Nejprve byly provedeny vypocty v programu KISSsys pomoci typizovaného
modelu. Vypocty se zaobiraly navrhem ozubenych kol, lozisek, ndvrhem htideli ¢i kontrolou
Zivotnosti pouzitych prvkl. Poté byl proveden névrh spoji v rozsifeni MITCalc a programu
KISSsoft. Byla provedena kontrola vypoéta u nékterych vybranych spoji. Diky integraci
softwaru KISSsys s CAD programy bylo mozné importovat 3D model pfevodovky do softwaru
CATIA v5. V CAD systému byl vytvofen model a vykresy. Dale bylo provedeno porovnani
Z hlediska pouzitych prvkid v novém a dosavadnim feSeni. V posledni fadé bylo pouzito

technicko — ekonomické zhodnoceni.
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Priloha ¢. 1

Report vypocta KISSsys



KISSsoft Release 2019 A

KiISSsoft

KISSsoft — student license (not for commercial use)
File

Name : Unnamed
Changed by: David Griin on: 26.07.2020 at: 15:21:56

BP

Power inputs:

_0O.Boundaryl
Speed [1/min] 115.4
Torque [Nm] 374
Power [kw] 0.452

Power outputs:

_0O.Boundary?2
Speed [1/min] 20.575
Torque [Nm] -202.94
Power [kW] 0.437

Calculations:

_0.Stagel.CalcStage
_0O.Stagel.Carrier.Planet.Planet_calc
_0.Stagel.Stagel calc

1/44



_0O.Stagel.CalcStage

KiISSsoft

Important hint: At least one warning has occurred during the calculation:

1-> Calculation of scuffing:

The entered gear pair data is outside the boundary of the calculation method!

The application of ISO/TS 6336-21 has following limitations:

wBt (=142.1 N/mm) >= 150.0 N/mm
1.0 m/s <= v(=0.1 m/s) <= 50.0 m/s

2-> Gear 3: Measurement over pins is smaller than tip circle.

Special attention required for measurement!

Calculation of a helical planetary gear stage

Drawing or article number:
Gear 1:
Gear 2:
Gear 3:

Calculation method

Number of planets

Power (W)

Speed (1/min)

Speed difference for planet bearing calculation (1/min)
Speed planet carrier (1/min)

Torque (Nm)
Torque Pl.-Carrier (Nm)

Application factor

Distribution factor

Required service life (h)

Gear driving (+) / driven (-)
Working flank gear 1:

Gear 1 direction of rotation:
Planet carrier direction of rotation:

Tooth geometry and material

Geometry calculation according to

Center distance (mm)
Center distance tolerance

Normal module (mm)

Normal pressure angle (°)
Helix angle at reference circle (°)

2/44

0.000.0
0.000.0
0.000.0

ISO 6336:2006 Method B

——————— Sun ----------- Planets ----------- Internal gear ---
[p] 1 3 1
[P] 451.966
[n] 115.4 0.0
[n2] 53.2
[nSteq] 20.6
[T] 37.4 0.0 172.4
[TSteg] 209.765
[KA] 1.25
[Ky] 1.00
[H] 15000.00
-/+ -
Right flank
Clockwise
clockwise
ISO 21771:2007, DIN ISO 21771
——————— Gear 1 Gear 2 Gear 3 ---
[a] 30.500
ISO 286:2010 Measure js7
[mn] 0.9000
[an] 20.0000
[B] 20.0000



Number of teeth
Facewidth (mm)
Hand of gear

Planetary axles can be placed in regular pitch.:

Accuracy grade

Inner diameter (mm)

External diameter (mm)

Inner diameter of gear rim (mm)
Outer diameter of gear rim (mm)

Material
Gear 1

J=12mm<HRC28

Gear 2

J=12mm<HRC28

Gear 3

J=12mm<HRC28

Surface hardness

[2] 23

[b] 17.50
left left

120 °

[Q-1S01328:1995] 6

[di] 5.00

[di]

[dbi] 0.00

[dbi]

KiISSsoft

41 -106
16.99 17.50
6 6
15.00
125.00
0.00
0.00

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy

Material treatment according to ISO 6336:2006 Normal, life factors ZNT and YNT >=0.85

Fatigue strength. tooth root stress (N/mm?)
Fatigue strength for Hertzian pressure (N/mm?)

Tensile strength (N/mm?)
Yield point (N/mm?)
Young's modulus (N/mm?)
Poisson's ratio

Roughness average value DS, flank (um)
Roughness average value DS, root (um)
Mean roughness height, Rz, flank (um)
Mean roughness height, Rz, root (um)

Gear reference profile

1
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height coefficient
Protuberance angle
Tip form height coefficient
Ramp angle

Gear reference profile

2
Reference profile
Dedendum coefficient
Root radius factor

3/44

------- Gear 1 Gear 2 Gear 3 ---
HRC 61 HRC 61 HRC 61

[oFlim] 430.00 430.00 430.00
[oHIlim] 1500.00 1500.00 1500.00
[oB] 1200.00 1200.00 1200.00
[0S] 850.00 850.00 850.00
[E] 206000 206000 206000
[v] 0.300 0.300 0.300
[RAH] 0.60 0.60 0.60
[RAF] 3.00 3.00 3.00
[RZH] 4.80 4.80 4.80
[RZF] 20.00 20.00 20.00

1.25/0.38/ 1.0 ISO 53:1998 Profil A

[hfP*]
[pfP*]
[haP*]
[paP’]
[hprP*]
[aprP]
[hFaP*]
[aKP]

not topping

1.250
0.380
1.000
0.000
0.000
0.000
0.000
0.000

1.25/0.38/1.0 ISO 53:1998 Profil A

[hfP*]
[pfP*]

1.250
0.380

(pfPmax*=  0.472)

(pfPmax*=  0.472)



Addendum coefficient

Tip radius factor

Protuberance height coefficient
Protuberance angle

Tip form height coefficient
Ramp angle

Gear reference profile

3
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height coefficient
Protuberance angle
Tip form height coefficient
Ramp angle

Summary of reference profile gears:
Dedendum reference profile

Tooth root radius Refer. profile
Addendum Reference profile
Protuberance height coefficient
Protuberance angle (°)

Tip form height coefficient

Ramp angle (°)

Type of profile modification:
Tip relief (um)

Lubrication type
Type of oil
Lubricant base

Oil nominal kinematic viscosity at 40°C (mm?s)
Oil nominal kinematic viscosity at 100°C (mm?/s)

Specific density at 15°C (kg/dm?)
Oil temperature (°C)

Overall transmission ratio

Gear ratio

Transverse module (mm)

Transverse pressure angle (°)
Working transverse pressure angle (°)

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

Base helix angle (°)

Reference center distance (mm)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness, arc, in module, module

Tip alteration (mm)
Reference diameter (mm)
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[haP*]
[paP?]
(hprP+]
[aprP]
[hFaP*]
[aKP]

not topping

KiISSsoft

1.000
0.000
0.000
0.000
0.000
0.000

1.25/0.38/ 1.0 ISO 53:1998 Profil A

[hfP*]
[pfP*]
[haP*]
[PaP?]
[hprP*]
[aprP]
[hFaP*]
[aKP]

not topping

[hfP¥]
[pfP*]
[haP¥]
(hprP+]
[aprP]
[hFaP*]
[aKP]

none (only running-in)

[Ca L/R]

Qil bath lubrication

Oil: ISO-VG 220
Mineral-oil base
[v40]

[v100]

[e]
[TS]

[itot]

[u]

[mt]

[at]
[owt]
[awt.e/i]
[awt.e/i]
[awn]
[Bw]
[Bb]
[ad]
[2xi]

[x]

[sn*]

[k*mn]
(d]

1.250
0.380 (pfPmax*= 0.472)
1.000
0.000
0.000
0.000
0.000
0.000
1.250 1.250 1.250
0.380 0.380 0.380
1.000 1.000 1.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
20 /20 2.0 /20 2.0 /20
220.00
17.50
0.895
70.000
Gear 1 Gear 2 Gear 3 ---
5.609
1.783 -2.585
0.958
21.173
20.441 17.886

-0.079
1.512

-0.002
22.028

20.504/ 20.378

17.813/ 17.958
16.907

19.628

19.312
19.911
18.747
30.648
-0.1621
9 -0.0822
6 1.5110

31.127

0.6467
0.7288
2.1014

-0.002 0.000
39.268 101.523



Base diameter (mm)
Tip diameter (mm)
(mm)
(mm)
(mm)
Tip diameter allowances (mm)
Tip diameter allowances (mm)
Tip diameter allowances (mm)
Chamfer 1/ Tip rounding

Tip chamfer (mm)
Tooth tip chamfer angle (°)
Tip form diameter (mm)
(mm)
(mm)
(mm)
Active tip diameter (mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
{ZPP[3].dNa.E*ZR[2].1ISOGeo
Operating pitch diameter (mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
Root diameter (mm)
Generating Profile shift coefficient

Generated root diameter with xE (mm)

(mm)
Theoretical tip clearance (mm)
(mm)
(mm)

Tip clearance upper allowance (mm)

Tip clearance lower allowance (mm)

Active root diameter (mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
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in transverse section: 2,

(mm)
(mm)

(mm)
(mm)

[db]

[da]
[da.efi]
[da.efi]
[da.efi]
[Ada.eli]
[Ada.eli]
[Ada.eli]

in axial section: 3,

[hK]
[6hK]
[dFa]
[dFa.efi]
[dFa.efi]
[dFa.efi]
[dNa]
[dNa]
[dNa]
[dNa.e]
[dNa.e]
[dNa.e]
[dNa.i]
[dNa.i]
[dNa.i]

[dw]
[dw]
[dw]
[dw.e]
[dw.e]
[dw.e]
[dw.i]
[dw.i]
[dw.i]
[df]
[XE.efi]
[XE.efi]
[XE.efi]
[df.e]
[df.i]
[c]

[c]

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

20.541
23.681

KiISSsoft

36.617 94.669
40.916 98.411

23.681/ 23.660

In normal section: 4

40.916/ 40.891
98.411/ 98.376

0.000/ -0.021
0.000/ -0.025
0.000/ -0.035
0 0 1
0.077
45.000
23.681 40.916 98.564

23.681/ 23.660

23.681

23.681

23.660

21.922

21.931

21.913

19.635

40.916/ 40.891
98.564 / 98.529

40.916 /40.916
98.564

40.916 /40.916
98.564

40.891 /40.891

@UNKNOWN DATADICT

39.078/ 38.477
99.477

39.094/ 38.461
99.518

39.062/ 38.493
99.436
36.870 102.461

-0.1623/ -0.2081

19.486
19.404
0.225

0.363

0.286

20.766

20.785

20.756

-0.1646/ -0.2104

0.6220/ 0.5609
36.722 102.763
36.639 102.653

0.225/0.272
0.270

0.365 /0.448
0.398

0.286 /0.356
0.314

37.835/37.637
101.640

37.864 /37.656
101.669

37.817 /37.589
101.590



KiISSsoft

Root form diameter (mm) [dFf] 20.702 37.658 101.700
(mm) [dFf.efi] 20.655/ 20.632
(mm) [dFf.efi] 37.564/ 37.514
(mm) [dFf.efi] 102.111/101.965
Involute length (mm) [I_dFa-l_dFf] 1.609 1.748 1.658
Internal toothing: Calculation dFf with pinion type cutter, z0O= 34 , X0=0.000
Reserve (dNf-dFf)/2 (mm) [cF.efi] 0.076/ 0.050
(mm) [cF.efi] 0.071/ 0.013
(mm) [cF.efi] 0.261/ 0.148
Addendum, mn * (haP*+x) (mm) [ha] 0.826 0.824 1.556
(mm) [ha.efi] 0.826/ 0.816
(mm) [ha.efi] 0.824/ 0.812
(mm) [ha.efi] 1573/ 1.556
Dedendum mn * (hfP*-x) (mm) [hf] 1.197 1.199 0.469
(mm) [hf.efi] 1.271/ 1.312
(mm) [hf.efi] 1.273/ 1.314
(mm) [hf.efi] 0.565/ 0.620
Roll angle at dFa (°) [x_dFa.eli] 32.864 / 32.746
) [x_dFa.efi] 28.567 / 28.479
) [x_dFa.efi] 16.527/ 16.603
Roll angle to dNf (°) [x_dNf.efi] 8.856/ 8.301
) [x_dNf.efi] 15.077/ 14.787
) [x_dNf.efi] 13.740/ 13.288
) [x_dNf.efi] 22.304/ 22.437
Roll angle at dFf (°) [x_dFf.efi] 6.036/ 5.399
) [x_dFf.efi] 13.111/ 12.754
) [x_dFf.efi] 22.923/ 23.160
Tooth height (mm) [h] 2.023 2.023 2.025
Virtual gear no. of teeth [zn] 27.296 48.657 125.797
Normal tooth thickness at tip circle (mm) [san] 0.678 0.711 0.864
(mm) [san.efi] 0.631/ 0.589
(mm) [san.efi] 0.666/ 0.624
(mm) [san.efi] 0.796/ 0.747
without consideration of tip chamfer/tip rounding
Normal space width at root circle (mm) [efn] 0.000 0.786 0.589
(mm) [efn.efi] 0.000/ 0.000
(mm) [efn.efi] 0.820/ 0.842
(mm) [efn.efi] 0.586/ 0.583
Max. sliding velocity at tip (m/s) [vaga] 0.032
(m/s) [vaga] 0.036 /0.011
(m/s) [vaga] 0.015
Specific sliding at the tip [Ca] 0.547
[¢a] 0.702 /0.216
[¢a] 0.180
Specific sliding at the root [¢f] -2.361
[¢f] -1.206 /-0.220
[¢f] -0.276
Sliding factor on tip [Kga] 0.294
[Kga] 0.328/0.103
[Kga] 0.050
Sliding factor on root [Kgf] -0.328
[Kof] -0.294 /-0.050
[Kof] -0.103
Pitch on reference circle (mm) [pt] 3.009
Base pitch (mm) [pbt] 2.806
Transverse pitch on contact-path (mm) [pet] 2.806
Lead height (mm) [pz] 190.138 338.941 876.287
Axial pitch (mm) [px] 8.267 8.267 8.267
Length of path of contact (mm) [oa] 4.367 4.779
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(mm)
(mm)
Length T1-A (mm)
(mm)
(mm)
Length T1-B (mm)
(mm)
(mm)
Length T1-C (mm)
(mm)
(mm)
Length T1-D (mm)
(mm)
(mm)
Length T1-E (mm)
(mm)
(mm)
Diameter of single contact point B (mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
Diameter of single contact point D (mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)

Transverse contact ratio
Transverse contact ratio with allowances

Overlap ratio
Total contact ratio
Total contact ratio with allowances

General influence factors

Nominal circum. force at pitch circle (N)

Axial force (N)

Total axial force (N)

Radial force (N)

Normal force (N)

Nominal circumferential force per mm (N/mm)
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N)

Axial force (N)

Axial force (N)

Axial force (N)
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[ga.efi] 4,403/ 4.282

[ga.efi] 4882/ 4.710

[T1A] 1.524

[T1A] 9.128 /4.350

[T1A] 13.717

[T1B] 3.085

[T1B] 7.567 16.323

[T1B] 15.690

[T1C] 3.828

[T1C] 6.824 /5.909

[T1C] 15.276

[T1D] 4.330

[T1D] 6.323/7.155

[T1D] 16.523

[T1E] 5.891

[T1E] 4.761/9.128

[T1E] 18.495

[d-B] 21.448

[d-B] 39.621/ 38.739

[d-B] 99.734

[d-B.€] 21.448

[d-B.€] 39.594/ 38.739

[d-B.€] 99.760

[d-B.i] 21.436

[d-B.i] 39.665/ 38.721

[d-B.i] 99.691

[d-D] 22.292

[d-D] 38.739/ 39.315

[d-D] 100.271

[d-D.e] 22.264

[d-D.e] 38.739/ 39.240

[d-D.e] 100.229

[d-D.i] 22.342

[d-D.i] 38.721/ 39.344

[d-D.i] 100.271

[eq] 1.557 1.703

[ea.efi] 1.569 /1.526

[ea.efi] 1.740/1.679

[eB] 2.055 2.055

[ey] 3.612 3.758

[ey.eli] 3.625 /3.582

[ey.eli] 3.795/3.734
——————— Gear 1 Gear 2 Gear 3 ---

[Ft] 1131.868  1131.868

[Fa] 412.0 412.0 412.0

[Fatot=Fa* 3 ] 1235.9 1235.9

[Fr] 438.405 438.405

[Fnorm] 1281.8 1281.8 1281.8

[w] 66.62 66.62

[Ftw] 1137.372  1155.144

[Fa] 412.0

[Fa] 412.0 / 412.0

[Fa] 412.0



Total axial force (N)
Radial force (N)
Circumferential speed reference circle (m/s)

Running-in value (um)
Running-in value (um)

Gear blank factor

Correction factor

Basic rack factor

Material coefficient

Singular tooth stiffness (N/mm/um)
Meshing stiffness (N/mm/um)
Meshing stiffness (N/mm/um)
Reduced mass (kg/mm)
Resonance speed (min-1)
Resonance ratio (-)

Running-in value (um)

Planet runs on rolling bearings. Planet pin fixed on both sides in the carrier..

Ipa (mm) = 22.09 b (mm)=16.99
Tooth trace deviation (active) (um)
from deformation of shaft (um)

(fsh (um) = 3.22 /0.07 ,B1= 1.00 /1.00

Tooth trace

(0: without, 1: crowned, 2: end relief, 3: full modification)

dsh (mm) = 19.63

, fHB5 (um) = 5.00 /550 )

(4: slightly crowned, 5: helix angle modification, 6: helix angle modification with crowning)

from production tolerances (um)

B2 =1.00 /1.00
Tooth trace deviation, theoretical (um)
Running-in value yB (um)

Dynamic factor
Face load factor - flank
- Tooth root
- Scuffing
Transverse load factor - flank
- Tooth root

- Scuffing

Number of load cycles (in mio.)

Tooth root load capacity

Calculation of Tooth form coefficients according method: B

Internal toothing:

Internal toothing:

Calculated with generating profile shift coefficient

Tooth form factor

Stress correction factor
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[Fatot=Fa* 3 ] 1235.9 1235.9
[Fr] 423.921 372.784
[v] 0.11 (Planet)
[yp] 0.487 0.525
[yf] 0.412 0.487
[CR] 1.000 1.000
[CM] 0.800 0.800
[CBS] 0.975 0.975
[E/Est] 1.000 1.000
[c] 11.730 13.799
[cya] 16.626 21.076
[cyB] 14.133 17.915
[mRed] 0.0005 0.0046
[nE1] 77051 15691
[N] 0.001 0.003
[yal] 0.487 0.525
[FBy] 2.98 4.60
[fsh*B1] 3.22 0.07
0 0
[fma*B2] 9.90 10.26
[FBx] 3.50 5.41
[yR] 0.53 0.81
[Kv=max(Kv12,Kv23)] 1.00
[Kv12,Kv23] 1.00 1.00
[KHB] 1.25 1.49
[KFB] 1.22 1.42
[KBB] 1.25 1.49
[KHa] 1.36 1.43
[KFa] 1.36 1.43
[KBq] 1.36 1.43
[NL] 256.0 47.9 55.6

Calculation of pF and sFn according to

1SO 6336-3:2007-04-01
Calculation of YF, YS with pinion type cutter, zO=

34 , X0= 0.000, paP0*=
0.380
------- Gear 1 Gear 2 Gear 3 ---
[XE.€] -0.1623 -0.1646 0.6220
[YF] 1.61
[YF] 1.42 /1.20
[YF] 1.04
[YS] 1.76



Bending moment arm (mm)
(mm)
(mm)
Load application angle (°)
)
)
Tooth thickness at root (mm)
(mm)
(mm)
Tooth root radius (mm)
(mm)
(mm)

[YS]
[YS]
[hF]
[hF]
[hF]
[aFen]
[aFen]
[aFen]
[sFn]
[sFn]
[sFn]
[PF]
[PF]
[PF]

hF*=1.019/ 1.053/ 0.886 / 1.222 sFn*=1.962/ 2.115/ 2.115/ 2.671

pF* = 0.612/ 0.563/ 0.563 /

60.0

Helix angle factor
Deep tooth factor
Gear rim factor
Effective facewidth (mm)
(mm)
(mm)
Nominal stress at tooth root (N/mm?)
(N/mm?)
(N/mm?)
Tooth root stress (N/mm?)
(N/mm?)
(N/mm?)
Permissible bending stress at root of Test-gear
Notch sensitivity factor
Notch sensitivity factor
Notch sensitivity factor
Surface factor
Size factor, tooth root
Finite life factor
Alternating bending factor, mean stress influence coefficient

Stress correction factor

Yst*oFlim (N/mm?)

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

Safety for tooth root stress

Transmittable power (W)
(W)
(W)

Flank safety
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0.453dsFn = 19.883/37.112/

[YB]
[YDT]
[YB]
[beff]
[beff]
[beff]
[oFO0]
[oFO0]
[oFO0]
[oF]
[oF]
[oF]

[YdrelT]
[YdrelT]
[YdrelT]
[YRrelT]
[YX]
[YNT]

[YM]
[Yst]
[oFE]

[oFP=0FG/SFmin]

0.92

17.29

1.77

0.55

37.112 /-102.537asFn =30.0 /

1.00
17.50

170.62

354.04

0.991

0.957
1.000
0.915

1.000

860.00
532.67

[oFP=0FG/SFmin]
[oFP=0FG/SFmin]

[oFG]

[oFG]

[oFG]
[SFmin]
[SF=cFG/oF]
[SF=cFG/oF]
[SF=cFG/oF]
[WRating]
[WRating]
[WRating]

745.73

1.40
2.11

680.01

191

0.95

18.85

1.90

0.51

0.83
1.00
1.00

16.99

167.55

347.66

KiISSsoft

12.02
2.39

/0.80
1.10

/17.64
18.22

/1.90
2.40

/0.51
0.41

30.0 / 30.0 /

0.83
1.00
1.00

/16.99
17.50

/150.01
148.86

/382.19
379.26

0.994 /0.994

0.957
1.000
0.946

0.700

2.00
860.00

386.78

541.49

1.40

1.56

502.81

1.004
0.957
1.000
0.943

1.000

860.00

/386.78
556.58

/541.49
779.21
1.40

/1.42
2.05

/457.39
663.28
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------- Gear 1 Gear 2 Gear 3 ---

Zone factor [ZH] 2.42 2.60
Elasticity factor (VN/mm2) [ZE] 189.81 189.81
Contact ratio factor [Zg] 0.802 0.766
Helix angle factor [ZB] 1.032 1.032
Effective facewidth (mm) [beff] 16.99 16.99
Nominal contact stress (N/mm?) [oHO] 824.29 397.55
Contact stress at operating pitch circle (N/mm?) [oHw] 1203.86 650.37
Single tooth contact factor [2B,ZD] 1.00 1.00 /1.00 1.00
Contact stress (N/mm?) [oHB, oHD] 1203.86 1203.86 /650.37650.37
Lubrication factor for NL [zL] 1.020 1.020/1.020 1.020
Speed factor for NL [ZV] 0.938 0.939/0.939 0.938
Roughness factor for NL [ZR] 0.928 0.928 /0.962 0.962
Material hardening factor for NL [ZW] 1.000 1.000 /1.000 1.000
Finite life factor [ZNT] 0.951 1.003 0.997
Limited pitting is permitted: No
Size factor (flank) [ZX] 1.000 1.000 1.000
Permissible contact stress, cHG/SHmin (N/mm?) [oHP] 1266.50 1337.06 /1386.391376.60
Pitting stress limit (N/mm?) [oHG] 1266.50 1337.06 /1386.391376.60
Required safety [SHmiIn] 1.00 1.00 1.00
Safety factor for contact stress at operating pitch circle [SHw] 1.05 1.11 /2.13 2.12
Safety for stress at single tooth contact [SHBD=0HG/cHBD] 1.05 1.11 /2.13 2.12
Safety regarding transmittable torque [(SHBD)"2] 1.11 1.23 /454 4.48
Transmittable power (W) [WRating] 500.22 557.51 /2053.822024.90
Micropitting according to ISO/TS 6336-22-1:2018
Pairing Gear 1 -2
Calculation has not been carried out, lubricant: Load stage micropitting test not known
Pairing Gear 2 -3
Calculation has not been carried out, lubricant: Load stage micropitting test not known
Scuffing load capacity
Calculation method according to ISO/TS 6336-20/21:2017
Helical load factor scuffing [KBY] 1.30 1.30
Lubrication coefficient for lubrication type [XS] 1.000
Scuffing test and load stage [FZGtest] FZG - Test A/8.3/90 (ISO 14635 - 1) 12
Multiple meshing factor [Xmp] 2.0 2.0
Relative structural factor, scuffing [XWrelT] 1.000 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780 13.780
Relevant tip relief (um) [Ca] 2.00 2.00 /2.00 2.00
Optimal tip relief (um) [Ceff] 5.01 3.95
Ca taken as optimal in the calculation (0=no, 1=yes) 0 0/0 0
Effective facewidth (mm) [beff] 16.991 16.991
Applicable circumferential force/facewidth (N/mm) [wBt] 142.091 178.279

(1) Kbg = 1.300, wBt*Kbg = 184.718

(2) Kbg = 1.300, wBt*Kbg =  231.762
Angle factor [XaB] 0.973 0.935
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Flash temperature-criteria
Lubricant factor
Tooth mass temperature (°C)
OMi = Boil + XS*0.47*Xmp*6flm
Average flash temperature  (°C)
Scuffing temperature (°C)
I" coordinates (point of highest temperature)
1) [T.A]I= -0.602 [l.E]= 0.539
) [T.A]I= -0.264 [[.E]= 0.545
Highest contact temp. (°C)
Flash factor (°K*N”-.75*s".5*m"-.5*mm)
Approach factor
Load sharing factor
Dynamic viscosity (mPa*s)
Coefficient of friction
Required safety
Margin of safety for scuffing, flash temperature

Integral temperature-criteria
Lubricant factor
Tooth mass temperature (°C)
BMC = Boil + XS*0.70*6flaint
Mean flash temperature  (°C)
Integral scuffing temperature (°C)
Flash factor (°K*N”-.75*s".5*m"-.5*mm)
Running-in factor, well run in
Contact ratio factor
Dynamic viscosity (mPa*s)
Mean coefficient of friction
Geometry factor
Meshing factor
Tip relief factor
Integral tooth flank temperature (°C)
Required safety
Safety factor for scuffing (intg.-temp.)
Safety referring to transmittable torque

Measurements for tooth thickness

Tooth thickness tolerance
Tooth thickness allowance (normal section) (mm)

Number of teeth spanned

(Internal toothing: k = (Measurement gap number)
Base tangent length (no backlash) (mm)

Actual base tangent length (span) (mm)

Diameter of measuring circle (mm)

Theoretical diameter of ball/pin (mm)

Effective diameter of ball/pin (mm)

Radial single-ball measurement backlash free (mm)
Radial single-ball measurement (mm)

Diameter of measuring circle (mm)

Diametral measurement over two balls without clearance (mm)

Diametral two ball measure (mm)
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[XL]
[BMi]

[6flm]
[6S]
[r]

[6B]
[XM]
[xJ]
[Xv]
[(nM]
[Hm]
[SBmin]
[SB]

[XL]
[BMC]

[Bflaint]
[BSint]
[(XM]
[XE]
[Xe]
[nOil]
[Mm]
[XBE]
[XQ]
[XCa]
[Bint]
[SSmin]
[SSint]
[SSL]

[As.eli]

(K

[WK]
[Wk.efi]
[dMWk.m]

(DM]
[DMeff]
[MrK]
[MrK.efi]
49.149
[dMMr.m]
[MdK]
[MdK.efi]
98.298

KiISSsoft

0.830 0.830
75.26 70.80
5.59 0.86
348.80 348.80
-0.602 0.545
90.41 73.01
50.058 50.058
1.009 1.000
0.835 0.763
41.90 41.90
0.145 0.119
2.000
13.662 92.543
1.000
77.02 70.62
5.01 0.44
360.78 360.78
50.058 50.058
1.000 1.000
0.291 0.234
41.90 41.90
0.224 0.130
0.293 0.062
1.000 1.000
1.308 1.660
84.54 71.29
1.800
4.27 5.06
20.00 226.18
——————— Gear 1 Gear 2

DIN 3967 cd25

DIN 3967 cd25

(700  °C)

Gear 3 ---

DIN 3967 cd25

-0.054 /-0.084-0.054 /-0.084-0.070 /-0.110

3.000 6.000 -0.000

6.939 15.179 -0.000

6.888 /6.86015.129 /15.101-0.000 / -0.000
21.548 39.315 -0.000

1.519 1.513 1.443

1.750 1.750 1.500
12.371 21.012 49.038

12.311/12.27720.947 /

22.164
24.689

39.460
41.994
24.569 /24.50141.864 /

20.91049.211/

100.321
98.076
41.79198.423 /



Measurement over pins according to DIN 3960 (mm)

Measurement over 2 pins, free, according to AGMA 2002 (mm)

[MdR.efi]
-0.000
[dk2f.efi]
0.000

Measurement over 2 pins, transverse, according to AGMA 2002 (mm)

Measurement over 3 pins, axial, according to AGMA 2002 (mm)

Effective dimensions over 3 pins (mm)

[dk2t.efi]
0.000

[dk3A.efi]
-0.000

[Md3R.efi]

Note: Internal gears with helical teeth cannot be measured with rollers.

Chordal tooth thickness in reference circle (mm)
(mm)
Reference chordal height from da.m (mm)
Tooth thickness, arc (mm)
(mm)

Backlash free center distance (mm)

Backlash free center distance, allowances (mm)
dNf.i with aControl (mm)

Reserve (dNf0.i-dFf.e)/2 (mm)

Tip clearance (mm)

Center distance allowances (mm)

Circumferential backlash from Aa (mm)

Radial backlash (mm)

Circumferential backlash, transverse section (mm)
Normal backlash (mm)

Torsional angle on input with output fixed:
Total torsional angle (°)

Toothing tolerances

According to ISO 1328-1:1995, ISO 1328-2:1997
Accuracy grade

Single pitch deviation (um)

Base circle pitch deviation (um)

Sector pitch deviation over k/8 pitches (um)
Profile form deviation (um)

Profile slope deviation (um)

Total profile deviation (um)

Helix form deviation (um)

Helix slope deviation (um)

Total helix deviation (um)

Total cumulative pitch deviation (um)

Runout (um)

Single flank composite, total (um)

Single flank composite, tooth-to-tooth (um)
Radial composite, total (um)

Radial composite, tooth-to-tooth (um)

[sc]
[sc.efi]
[ha]
[sn]
[sn.efi]

[aControl.efi]

[ita]

[dNfO.i]

[cFO.i]

[c0.i(aControl)]
0.027

[Aa.efi]

[jtw_Aa.eli]
[irw]
[itw]
linw]

[jtSys]

[Ql
[fptT]
[fpbT]
[Fpk/8T]
[ffaT]
[fHaT]
[FaT]
[ffBT]
[fHBT]
[FBT]
[FpT]
[FrT]
[FisT]
[fisT]
[FidT]
[fidT]

KiISSsoft

24.622 /24.55441.894/  41.821-0.000/

24.560 /24.49241.859/  41.786 0.000/

24.674 /24.60641.923/  41.850 0.000/

24.622 /24.55441.894/  41.821-0.000/

0.000 /0.000 0.000 /0.000-0.000 /-0.000

1.361 1.360 1.891
1.308/1.278 1.306 /1.277 1.821/1.780
0.839 0.828 1.557
1.361 1.360 1.891

1.307/1.277 1.306 /1.276 1.821/1.781

30.344 /30.25430.695 / 30.800

20.603
-0.026
0.053

-0.156 /-0.2460.195 /0.300

37.496 /| 37.226 102.335
-0.034 / -0.169 -0.185
0.053 / 0.174

0.013/-0.013-0.013 /0.013
0.009 /-0.0090.008 /-0.008
0.259 /0.144 0.312 /0.182

0.187 /0.105 0.210/0.121
0.166 /0.093 0.191 /0.108

2.0040/1.2843

------- Gear 1 Gear 2 Gear 3 ---
6 6 6
7.00 7.00 7.50
6.50 6.50 7.00
9.50 12.00 15.00
5.50 5.50 6.50
4.60 4.60 5.50
7.50 7.50 8.50
7.00 7.00 7.50
7.00 7.00 7.50
10.00 10.00 11.00
20.00 20.00 26.00
16.00 16.00 21.00
29.00 29.00 35.00

8.50 8.50 9.50
21.00 21.00 26.00

5.00 5.00 5.00

FidT (Fi"), fidT (fi"*) according to ISO 1328:1997 calculated with the geometric mean values for mn and d
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Modifying and defining the tooth form
Data for the tooth form calculation :

Data not available.
Please run the calculation in the "Tooth form" tab and open the main report again.

Supplementary data

Mass (g) [m] 47.78 134.55 595.86
Total mass (g) [mGes] 1047.29

Moment of inertia for system, relative to the input:
calculation without consideration of the exact tooth shape

Single gears (da+df)/2...di (kg*m?) [J] 2.951e-06 2.923e-05 0.001915
System (da+df)/2...di (kg*m?) [J] 3.63e-05
Torsional stiffness at driving gear with fixed driven gear:
Torsional stiffness (MNm/rad) [er] 0.061
Torsion when subjected to nominal torque (°) [Bcr] 0.035
Mean coefficient of friction (as defined in Niemann) [Mm] 0.146 0.098
Wear sliding coef. by Niemann [Qw] 0.979 0.348
Meshing power (W) 371.383 371.383
Gear power loss (W) 2.677 0.558
Total power loss (W) 9.704
Total efficiency 0.979
Sound pressure level according to Masuda, without contact analysis

[dB(A)] 315 31.9

Indications for the manufacturing by wire cutting:
Deviation from theoretical tooth trace (um) [WireErr] 431.2 243.0 94.1
Permissible deviation (um) [Fb/2] 5.0 5.0 5.5

Service life, damage

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

Service life (calculated with required safeties):

System service life (h) [Hatt] 27224
Tooth root service life (h) [HFatt] 1le+06 2.722e+04  1e+06
Tooth flank service life (h) [HHatt] 7.842e+04 4.194e+05 1e+06

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 ( 15000.0 h)
F1% F2% F3% H1% H2% H3%
0.00 55.0976 0.0000 19.1290 3.5770  0.0000
Damage calculated on basis of system service life [Hatt] (27224.4 h)
F1% F2% F3% H1% H2% H3%
0.00 100.0000 0.0000 34.7184 6.4921 0.0000

Calculation of the factors required to define reliability R(t) according to B. Bertsche with Weibull distribution; t in (h):
Reliability of material data for sigFlim/sigHIlim in %:99.00 /99.00
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R(t) =100 * [Exp(-((t*fac - tO)/(T - t0))"b)]"p %

Gear p fac t0 T R(H)%
1 Tooth root 1 17068 17 9.654e+29 1.484e+30 100.00
1 Tooth flank 1 17068 1.3 1.206e+09 5.748e+09 100.00
2 Tooth root 3 3192 1.7 8.388e+07 1.289e+08 100.00
2 Tooth flank 3 3192 1.3 1.206e+09 5.748e+09 100.00
3 Tooth root 1 3704 1.7 9.654e+29 1.484e+30 100.00
3 Tooth flank 1 3704 1.3 9.014e+29 4.295e+30 100.00

Reliability of the configuration for required service life (%)

Remarks:

- Specifications with

Specifications with

are taken into account.

The maximum and minimum clearance according to
the largest or smallest allowances are defined..

The calculation is performed for the operating pitch circle.

- Calculation of Zbet according to Corrigendum 1 ISO 6336-2:2008 with Z3 = 1/(COS(B)"0.5)
- Details of calculation method:

cy according to Method B

Kv according to Method B

KHPB and KF according to Method C
fma according to Equation 64, FBx according to 52/53/56
fsh calculated by exactly following the method in Annex D,

Literature: Journal "Antriebstechnik”, 6/2007, p.64.
KHa, KFa according to Method B

100.00 (Bertsche)

[.e/i] imply: Maximum [e] and minimum value [i] for
Taking all tolerances into account

[.m] imply: Mean value within tolerance

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

ISO 6336-1:2006

- The logarithmically interpolated value taken from the values for the fatigue strength and the static strength, based on the number of load
cycles, is used for coefficients ZL, ZV, ZR, ZW, ZX, YdrelT, YRrelT and YX..
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_0O.Stagel.Carrier.Planet.Planet_calc

Important hint: At least one warning has occurred during the calculation:

KiISSsoft

1-> Only some of the entries for the internal geometry for bearing "SKF NKI 12/20" are present. The other values will be approximated.

Analysis of shafts, axle and beams

Input data

Coordinate system shaft:

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (g)

Weight of shaft, including additional masses (g)
Mass moment of inertia (kg*mm?)

Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (g)

Weight of shaft, including additional masses (g)
Mass moment of inertia (kg*mm?)

Momentum of mass GD2 (Nm?)

The direction of the weight is not considered

Consider deformations due to shearing
Shear correction factor
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see picture W-002

Pin

0.000
22.000
20.58
clockwise

C45 (1)
206000.000
0.300
7830.000
11.500
20.000
19.482
19.482
0.351
0.000

Planet

5.000
12.000
32.62
counterclockwise

C45 (1)
206000.000

0.300

7830.000

11.500

20.000

8.191

8.191

0.705

0.000

1.100



KiISSsoft

Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value
Reference temperature (°C) 20.000

Figure: Load applications

Shaft definition (Pin)

Outer contour

Cylinder(Cylinder) 0.000 mm ... 22.000 mm
Diameter (mm) [d] 12.0000
Length (mm) [ 22.0000
Surface roughness (um) [Rz] 8.0000
Bearing

Label in the model Supportl

Bearing type Own Input

Bearing position (mm) [Yiokal] 2.000
Bearing position (mm) [Vgiobal 2.000

Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed
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Label in the model
Bearing type

Bearing position (mm)
Bearing position (mm)
Degrees of freedom

X: fixedY: freeZ: fixed
Rx: freeRy: freeRz: free

Shaft definition
Outer contour
Cylinder(Cylinder)
Diameter (mm)
Length (mm)

Surface roughness (um)

Inner contour

Cylindrical bore(Cylindrical bore)

Diameter (mm)
Length (mm)
Surface roughness (um)

Forces
Type of force element

Label in the model
Position on shaft (mm)

Position in global system (mm)
Operating pitch diameter (mm)

Helix angle (°)

Support2
Own Input
[Viokall
[YQlobaI]
(Planet)
0.000 mm ...
[d]
[
[R7]
0.000 mm ... 12.000 mm
[d]
[
[R7]
[ylocal]
[yglobal]

Working pressure angle at normal section (°)

Position of contact (°)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)
Shearing force Z (N)
Bending moment X (Nm)
Bending moment Z (Nm)

Type of force element
Label in the model
Position on shaft (mm)

Position in global system (mm)
Operating pitch diameter (mm)

Helix angle (°)

[ylocal]
[yglobal]

Working pressure angle at normal section (°)

Position of contact (°)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)
Shearing force Z (N)
Bending moment X (Nm)
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20.000
20.000

12.000 mm
20.0000
12.0000

8.0000

17.0000
12.0000
8.0000

Cylindrical gear
zs(-0.0)

6.0000

11.0000

38.4769

19.6281

16.9074

-0.0000

16.9910

0.0744

21.7787

403.7270

-365.3282

-1132.0408

0.0000

7.7671

Cylindrical gear
7s(180.0)

6.0000

11.0000

39.0781

19.9108

19.3125

180.0000

16.9910

0.0744

-21.7787

-403.7270

415.4425

-1114.6248

0.0000

KiISSsoft
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Bending moment Z (Nm)

CONNECTIONS

SKF NKI 12/20(cBearing)

Shaft 'Pin' <-> Shaft 'Planet'

Fixed bearing

d =12.000 (mm), D = 24.000(mm), b = 20.000(mm),
C =14.500(kN), CO = 20.000 (kN), Cu = 2.400 (kN)
Ctheo =15.345 (kN), COtheo =20.000  (kN)

fC=1.000 (kN),fCO= 1.000 (kN)

Calculation with approximate bearings internal geometry (¥)
Z =13, Dpw =18.500 (mm), Dw =2.500 (mm)

Lwe =16.171 (mm)

Diameter, external race (mm) [do]

Diameter, internal race (mm) [d]

Bearing clearance

Results

Shaft

7.8884

11.000 mm

r= 0.300 (mm)

21.016
15.984
DIN 620:1988 CO (32.50 um)

Maximum deflection  24.992(um) (Planetpos = 5.000 mm)

Mass center of gravity

Pin(mm) 11.000
Planet(mm) 6.000
Total axial load

Pin(N) 0.000
Planet(N) 0.000
Torsion under torque

Pin(®) -0.000
Planet(°®) -0.000
Bearing

Probability of failure [n] 10.00 %

Axial clearance [ual 10.00
Lubricant Oil: ISO-VG 220

Lubricant - service temperature [Tg] 70.00
Rolling bearing stiffness calculated from internal geometry

Shaft '‘Pin' Bearing 'Supportl’

Position (Y-coordinate) vl 2.00 mm

Bearing reaction force [Fx] -0.823 kN

Bearing reaction force [Fy] -0.000 kN

Bearing reaction force [Fz] 1.463 kN

Bearing reaction force [Fr] 1.679 kN (119.35°)
Bearing reaction moment [Mx] 6.12 Nm

18/44
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Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Pin' Bearing 'Support2'
Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Rolling bearing 'cBearing’

Position (Y-coordinate)

Dynamic equivalent load

Equivalent load

Minimum EHL lubricant film thickness
Life modification factor for reliability[a;]

Results according to 1ISO 281.:
Load ratio

Operating viscosity
Reference viscosity

Viscosity ratio

Contamination factor

Basic bearing rating life
Static safety factor

Operating bearing clearance
Reference rating service life
Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction moment

Bearing reaction moment

Bearing reaction moment

Bearing reaction moment

Oil level

Load-independent moment of friction
Load-dependent moment of friction

My]
Mz]
Mr]
[uy]
[uy]
[uz]
[uf]
[rd
[ry]
[r2]
[r]

vl
[FX]
[Fyl
[FZ]
[Fr]
[uy]
[uy]
[uz]
[uf]
[rd
[ry]
[r2]
[r]

vl
[P]
[Pd]
[Nmin]

[CIP]
[v]
[v1]
[x]
[ec]
[Lan]
[Sd]

[Pd]
[Lnrh]
[FX]
[Fyl
[FZ]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
(H]
[Mo]
[M4]

Moment of friction, cylindrical roller bearing[M_]
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-0.00
-1.30
6.26

20.00
0.773
0.000
0.783
1.100

11.00
2.25

0.050
0.000
-2.247
2.247
-0.00
0.00
15.66
15.66
0.000

Nm
Nm
Nm (-11.95°)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
mm
kN
kN
kN
kN (45.39°)
0.000
0.000
0.000
0.000
0.171
0.000
0.065
0.183
mm
kN
2.25
0.005
1.000
6.453
48.884
0.000
0.000
0.500
156724.32
8.90
32.500
147396.60
kN
kN
kN
kN (-88.72°)
Nm
Nm
Nm
Nm (90°)
mm
0.000
0.012
0.000

pum
pum
pum
pum
mrad
mrad
mrad
mrad

pum
pum
pum
pum
mrad
mrad
mrad
mrad

kN
pum

mm?/s
mm?/s

Nm
Nm
Nm

KiISSsoft
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Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994

Torque of friction [Mioss]
Power loss [Pioss]

0.012
0.069

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [ud]
Displacement of bearing [uy]
Displacement of bearing [u]]
Displacement of bearing [u]
Misalignment of bearing [rd
Misalignment of bearing [r]
Misalignment of bearing [r2]
Misalignment of bearing [r]

-0.060
0.033
21.832
21.832
-0.006
0.000
-0.352
0.352

(*) Note about roller bearings with an approximated bearing geometry:

The internal geometry of these bearings has not been input in the database.
The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.

In some situations, this may result in significant variations in roller bearing stiffness.

Damage (%)
Binno Bl
1 9.57

Utilization (%)
Bl
49.46
Note: Utilization = (Lreg/Lh)(1/k)
Ball bearing: k = 3, roller bearing: k = 10/3

B1 : cBearing(Connecting rolling bearing)

[Lreq] (15000.000 )

[Lreq] (15000.000 )
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Nm

pm
pm

pm

pum (90.16°)
mrad (-0.02")
mrad (0"
mrad (-1.21")
mrad (1.21")



. - Components - Y-component

. || Components - Arbitrary plane

0.015
E 0.010
» 0.005
o
§ 0
9]
8
a, -0.005
1]
o
a

-0.010

-0.015

-0.020 =

SN R S UL S
.b» ? ,;L ,yb ,li

Axial direction Y [mm]

A B B B B B_
Figure: Deformation (bending etc.) (Arbitrary plane 278.7381443 124)

Bl Equivalent stress (GEH)
Equivalent stress (SSH)

72.
64.
56.
48.
40.

32.

Stress [N/mm?]

24.

16.

A B B B B B_
Nominal stresses, without taking into account stress concentrations

GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2

Figure: Equivalent stress
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Strength calculation according to DIN 743:2012

Summary

Pin

Material C45 (1)

Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No

Calculation of endurance limit and the static strength

Calculation for load case 2 (cav/omv = const)
Cross section Position (Y-Coord) (mm)

A-A 11.00 Interference fit

Results:
Cross section Kfb Kfo
A-A 223 1.00 0.97

Required safeties:

Abbreviations:

Kfb: Notch factor bending
Kfo: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

Utilization (%) [Smin/S]

Cross section Static
A-A 22.900

Maximum utilization of shafts (%)

(Al
Pin: 52.156
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K2d SD
2.30 5.24

1.20 1.20

Endurance
52.156

SS
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Utilization [%]

Utilization = Smin/S (%)

Figure: Strength

Calculation details

General statements

Label
Drawing
Length (mm)
Speed (1/min)

Material

Material type
Material treatment
Surface treatment

Load factor static calculation
Load factor endurance limit

Reference diameter material (mm)

Pin

M 22.00
inl 20.58

C45 (1)
Through hardened steel
unalloyed, through hardened

No

oB according to DIN 743 (at dB) (N/mm?)
oB according to DIN 743 (at dB) (N/mm?)

[0zdW], bei dB (N/mm?)
[obW], bei dB (N/mm?)
[tW],  bei dB (N/mm?)

Thickness of raw material (mm)

Tension/Compression Bending Torsion Shearing

1.700 1.700
1.000 1.000
[dB]
[0B]
[0S]
[dWerkst]

Material data calculated according DIN743/3 with K1(d)

24/44

1.700
1.000

Bl vutilization - static
| Utilization - endurance

1.700
1.000

16.00
700.00
490.00
280.00
350.00
210.00

13.00
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Material strength calculated from size of raw material
Geometric size factor K1d calculated from raw material diameter

[oBeff] (N/mm?) 700.00

[oSeff] (N/mm?) 490.00

[obF] (N/mm?) 588.00

[TtF] (N/mm?) 339.48

[oBRand] (N/mm?) 628.00

[ozdW] (N/mm?) 280.00

[cbW] (N/mm?) 350.00

[TtW] (N/mm?) 210.00

Endurance limit for single stage use

Calculation for load case 2 (0.av/a.mv = const)

Cross section'A-A'Interference fit

Comment

Position (Y-Coordinate) (mm) vl 11.000

External diameter (mm) [da] 12.000

Inner diameter (mm) [di] 0.000

Notch effect Interference fit
Characteristics: Firm interference fit

Mean roughness (um) [Rz] 8.000

Tension/Compression Bending Torsion Shearing

Load: (N) (Nm)

Mean value [Fzdm, Mbm, Tm, Fgm]
Amplitude [Fzda, Mba, Ta, Fga]
Maximum value

Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A]

0.000 0.000 0.000 0.000
0.000 11.198 0.0001678.858
[Fzdmax, Mbmax, Tmax, Fgmax] 0.000

113.097 169.646 339.292 113.097

Stresses: (N/mm?)

[ozdm, obm, Tm, Tgm] (N/mm?) 0.000 0.000 0.000 0.000

[ozda, oba, 1a, Tqa] (N/mm?) 0.000 66.005 0.000 19.792

[ozdmax,cbmax,tmax,Tgmax] (N/mm?) 0.000 112.209 0.000 33.647

Technological size influence [K1(aB)] 1.000
[K1(aS)] 1.000

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.300 2.300 1.500

[dB] (mm) = 40.0

Geometrical size influence [K3(d)] 0.989 0.989 0.994

Geometrical size influence [K3(dB)]  0.960 0.960 0.980

Notch effect coefficient [R] 2.232 2.232 1.479

Geometrical size influence [K2(d)] 1.000 0.969 0.969

Influence coefficient surface roughness [KF] 1.000 1.000 1.000

Roughness factor is included into the notch effect coefficient

Surface stabilization factor [KV] 1.000 1.000 1.000

Total influence coefficient [K] 2.232 2.305 1.527

Present safety for endurance limit:

Equivalent mean stress (N/mm?) [omV] 0.000
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Equivalent mean stress (N/mm?)

Fatigue limit of part (N/mm?)

[tTmV]

[OWK] 125.428

Influence coefficient of mean stress sensitivity.

Permissible amplitude (N/mm?2)
Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)
Safety yield stress

Required safety

Result (%)

Remarks:

[woK] 0.098
[cADK] 125.418
(s]

[Smin]

[S/Smin]

[K2F] 1.000
[yF] 1.000
[oFK]  490.000
(s]

[Smin]

[S/Smin]

0.000
137.565
0.109
137.558
2.301
1.200
191.7
1.200
1.000
339.482
5.240
1.200
436.7

- The shearing force is not considered in the analysis specified in DIN 743.

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..
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_0O.Stagel.Stagel calc

Important hint: At least one warning has occurred during the calculation:

KiISSsoft

1-> Only some of the entries for the internal geometry for bearing "SKF 61820" are present. The other values will be approximated.

2-> Only some of the entries for the internal geometry for bearing "SKF 16009" are present. The other values will be approximated.

3-> Shaft 'Carrier', Rolling bearing 'RollerBearingl":
The minimal load of the bearing is not achieved!
0.2 kN, Condition: P/C >

P= 0.0 kN, Pmind =

4-> Shaft 'Shaftl’, Rolling bearing 'RollerBearing2":

1.000 %)

The axial force is significantly bigger than the radial force!

It is better to use an axial bearing.

Analysis of shafts, axle and beams

Input data

Coordinate system shaft:

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion

Temperature (°C)
Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*mm?)
Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)
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see picture W-002

Carrier

119.000
62.000
20.58
clockwise

C45 (1)
206000.000
0.300
7830.000
11.500
20.000
2.860
2.860
4468.118
0.175

Ring

115.000
30.000
0.00
counterclockwise

C45 (1)
206000.000

0.300

7830.000



Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*mm?)

Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*mm?)

Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*mm?)

Momentum of mass GD2 (Nm?)

The direction of the weight is not considered
Consider deformations due to shearing
Shear correction factor

11.500
20.000
0.480
0.480
2029.621
0.080

Shaftl

0.000
120.000
115.40
clockwise

c45 (1)
206000.000
0.300
7830.000
11.500
20.000
0.621
0.621
230.315
0.009

Sun

90.000
45.000
115.40
clockwise

C45 (1)
206000.000
0.300
7830.000
11.500
20.000
0.111
0.111
5.535
0.000

1.100

Rolling bearing stiffness is calculated from inner bearing geometry

Tolerance field:
Reference temperature (°C)

Mean value
20.000
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Figure: Load applications

Shaft definition (Carrier)

Outer contour

Cylinder(Cylinder) 0.000 mm ... 62.000 mm

Diameter (mm) [d] 100.0000
Length (mm) [ 62.0000
Surface roughness (um) [Rz] 8.0000

Inner contour

Cylindrical bore(Cylinder inside) 0.000 mm ... 62.000 mm

Diameter (mm) [d] 50.0000

Length (mm) [ 62.0000

Surface roughness (um) [Rz] 8.0000

Forces

Type of force element Coupling

Label in the model CarrrierCoupling(PlanetRing)
Position on shaft (mm) [Viocal] 11.0000

Position in global system (mm) [Vgiobal 130.0000

Effective diameter (mm) 70.0000

Radial force factor (-) 0.0000

Direction of the radial force (°) 0.0000

Axial force factor (-) 0.0000

Length of load application (mm) 10.0000

Power (kW) 0.2159 driven (input)
Torque (Nm) 100.2034

Axial force (N) 0.0000
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Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Mass (kg)

Mass moment of inertia Jp (kg*m?)
Mass moment of inertia Jxx (kg*m?)
Mass moment of inertia Jzz (kg*m?)
Eccentricity (mm)

Type of force element

Label in the model

Position on shaft (mm)

Position in global system (mm)
Effective diameter (mm)

Radial force factor (-)

Direction of the radial force (°)
Axial force factor (-)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Mass (kg)

Mass moment of inertia Jp (kg*m?)
Mass moment of inertia Jxx (kg*m?)
Mass moment of inertia Jzz (kg*m?)
Eccentricity (mm)

Type of force element

Label in the model

Position on shaft (mm)

Position in global system (mm)
Effective diameter (mm)

Radial force factor (-)

Direction of the radial force (°)
Axial force factor (-)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Mass (kg)

Mass moment of inertia Jp (kg*m?)
Mass moment of inertia Jxx (kg*m?)
Mass moment of inertia Jzz (kg*m?)
Eccentricity (mm)

Bearing

[ymcal]
[YQlobal]

[Yiocall
[yglobal]

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Coupling

KiISSsoft

CarrrierCoupling(SunPlanet)

11.0000
130.0000
70.0000
0.0000
0.0000
0.0000
10.0000
0.2214
102.7362
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Coupling

driven (input)

Coupling(Boundary?2)

54.0000
173.0000
30.0000
0.0000
0.0000
0.0000
10.0000
0.4373
-202.9400
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Label in the model
Bearing type
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Bearing type

Bearing position (mm)

Bearing position (mm)

Attachment of external ring

Inner diameter (mm)

External diameter (mm)

Width (mm)

Corner radius (mm)

Number of rolling bodies

Rolling body reference circle (mm)
Diameter rolling body (mm)

Diameter, external race (mm)
Diameter, internal race (mm)

Radius of curvature, external race (mm)
Radius of curvature, internal race (mm)

Deep groove ball bearing (single row)

[Yiokal] 41.000
[YQlobaI] 160.000
Fixed bearing
[d] 100.000
(D] 125.000
[b] 13.000
[ 1.000
[Z] 27
[Dpu] 112.500
[Du] 7.144
[do] 119.656
[di] 105.344
[ro] 3.786
[r] 3.715

Calculation with approximate bearings internal geometry (*)

Bearing clearance

Axial clearance

Basic static load rating (kN)

Basic dynamic load rating (kN)
Fatigue load rating (kN)

Values for approximated geometry:
Basic dynamic load rating (kN)
Basic static load rating (kN)

ISO 5753-1:2009 CO (24.00 pym)

Correction factor Basic dynamic load rating

Correction factor Basic static load rating

Shaft definition

Outer contour

Cylinder(Cylinder)

Diameter (mm) [d]
Length (mm) 1
Surface roughness (um) [Rz]

Inner contour

Cylindrical bore(Cylindrical bore)

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [Rz]
Forces

Type of force element

Label in the model

Position on shaft (mm)

Position in global system (mm)
Effective diameter (mm)

Radial force factor (-)

Direction of the radial force (°)
Axial force factor (-)

Length of load application (mm)
Power (kW)
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Pe =183.62 uym
[Co) 18.300
[C] 17.800
[CJ] 0.950
[Clheo] 20.068
[Cotneol 22.007
[fc] 1.000
[fcol 1.000

(Ring)

0.000 mm ... 30.000 mm
135.0000
30.0000
8.0000

0.000 mm ... 30.000 mm
125.0000
30.0000
8.0000

Coupling

cBrake(Brake)
[Yiocal 5.0000
[Vgioball 120.0000
100.0000
0.0000
0.0000
0.0000
10.0000
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Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Mass (kg)

Mass moment of inertia Jp (kg*m?)
Mass moment of inertia Jxx (kg*m?)
Mass moment of inertia Jzz (kg*m?)
Eccentricity (mm)

Type of force element

Label in the model

Position on shaft (mm) [Viocal]
Position in global system (mm) [Vgioball
Operating pitch diameter (mm)

Helix angle (°)

Working pressure angle at normal section (°)
Position of contact (°)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Type of force element

Label in the model

Position on shaft (mm) [Viocall
Position in global system (mm) [Vgioball
Operating pitch diameter (mm)

Helix angle (°)

Working pressure angle at normal section (°)
Position of contact (°)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Type of force element

Label in the model

Position on shaft (mm) [Viocal
Position in global system (mm) [Vgiobal]
Operating pitch diameter (mm)

Helix angle (°)

Working pressure angle at normal section (°)
Position of contact (°)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)
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165.5396
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Cylindrical gear
22(0.0)

15.0000

130.0000

-99.4769

19.6281

16.9074

0.0000

17.4970

0.0000

-55.1799

-395.6524

358.0217

1109.3999

0.0000

-19.6791

Cylindrical gear
22(120.0)

15.0000

130.0000

-99.4769

19.6281

16.9074

120.0000

17.4970

0.0000

-55.1799

-395.6524

-1139.7794

-244.6441

17.0426

9.8396

Cylindrical gear
z2(240.0)

15.0000

130.0000

-99.4769

19.6281

16.9074

240.0000

17.4970

0.0000

-55.1799

-395.6524

781.7577

left

driven (input)

left

driven (input)

left

driven (input)
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Shearing force Z (N) -864.7559
Bending moment X (Nm) -17.0426
Bending moment Z (Nm) 9.8396
Bearing

Label in the model Support4

Bearing type Own Input

Bearing position (mm) [Viokal] 3.500
Bearing position (mm) [Vgiobal 118.500
Degrees of freedom

X: fixedY: fixedZ: fixed

Rx: freeRy: freeRz: free

Shaft definition (Shaftl)

Outer contour

Cylinder(Cylinder) 0.000 mm ... 120.000 mm
Diameter (mm) [d] 45.0000
Length (mm) [ 120.0000
Surface roughness (um) [Rz] 8.0000
Inner contour

Cylindrical bore(Cylindrical bore) 0.000 mm ... 90.000 mm

Diameter (mm) [d] 38.0000
Length (mm) [ 90.0000
Surface roughness (um) [Rz] 8.0000
Cylindrical bore(Cylinder inside) 90.000 mm ... 120.000 mm

Diameter (mm) [d] 20.0000
Length (mm) [ 30.0000
Surface roughness (um) [Rz] 8.0000
Forces

Type of force element Coupling

Label in the model cIn(Boundary1)
Position on shaft (mm) [Viocar] 5.0000
Position in global system (mm) [Vgioball 5.0000
Effective diameter (mm) 55.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
Length of load application (mm) 10.0000
Power (kW) 0.4520
Torque (Nm) 37.4000
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.0000
Mass (kg) 0.0000
Mass moment of inertia Jp (kg*m?) 0.0000
Mass moment of inertia Jxx (kg*m?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
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Eccentricity (mm) 0.0000
Bearing
Label in the model RollerBearing2
Bearing type SKF 16009
Bearing type Deep groove ball bearing (single row)
SKF Explorer

Bearing position (mm) [Viokal] 50.000
Bearing position (mm) [Vgiobal 50.000
Attachment of external ring Fixed bearing
Inner diameter (mm) [d] 45.000
External diameter (mm) [D] 75.000
Width (mm) [b] 10.000
Corner radius (mm) [r] 0.600
Number of rolling bodies [2] 15
Rolling body reference circle (mm) [Dpw] 60.000
Diameter rolling body (mm) [Dw] 7.144
Diameter, external race (mm) [do) 67.151
Diameter, internal race (mm) [d] 52.849
Radius of curvature, external race (mm) [ro] 3.786
Radius of curvature, internal race (mm) [r] 3.715
Calculation with approximate bearings internal geometry (*)
Bearing clearance 1ISO 5753-1:2009 CO (14.50 pm)
Axial clearance Pe = 143.20 um
Basic static load rating (kN) [Co) 10.800
Basic dynamic load rating (kN) [C] 16.500
Fatigue load rating (kN) [CJ] 0.520
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 15.636
Basic static load rating (kN) [Cotheo) 12.187
Correction factor Basic dynamic load rating

[fel 1.000
Correction factor Basic static load rating

[feol 1.000
Shaft definition (Sun)
Outer contour
Cylinder(Cylinder) 0.000 mm ... 45.000 mm
Diameter (mm) [d] 20.0000
Length (mm) [ 45.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element Cylindrical gear
Label in the model z1(0.0)
Position on shaft (mm) [Viocal 40.0000
Position in global system (mm) [Vgiobal] 130.0000
Operating pitch diameter (mm) 21.9219
Helix angle (°) 19.9108 right
Working pressure angle at normal section (°) 19.3125
Position of contact (°) 0.0000
Length of load application (mm) 17.4970
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Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)
Shearing force Z (N)
Bending moment X (Nm)
Bending moment Z (Nm)

Type of force element

Label in the model

Position on shaft (mm)
Position in global system (mm)
Operating pitch diameter (mm)
Helix angle (°)

Working pressure angle at normal section (°)

Position of contact (°)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)
Bending moment Z (Nm)

Type of force element

Label in the model

Position on shaft (mm)
Position in global system (mm)
Operating pitch diameter (mm)
Helix angle (°)

Working pressure angle at normal section (°)

Position of contact (°)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)
Bending moment Z (Nm)

CONNECTIONS

Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed

Results

Shaft

Maximum deflection
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0.1507
-12.4667
411.9663
-423.9210
1137.3723
-0.0000
4.5155

Cylindrical gear

z1(120.0)
[Yiocal] 40.0000
[YQlobal] 130.0000
21.9219
19.9108
19.3125
120.0000
17.4970
0.1507
-12.4667
411.9663
-773.0328
-935.8125
-3.9106
-2.2578

Cylindrical gear

21(240.0)
[Yiocal] 40.0000
[Ygioball 130.0000
21.9219
19.9108
19.3125
240.0000
17.4970
0.1507
-12.4667
411.9663
1196.9538
-201.5598
3.9106
-2.2578

(cShaftlSun)

0.000 (um) (Ringpos = 145.000 mm)

KiISSsoft
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Mass center of gravity

Carrier(mm) 31.000
Ring(mm) 15.000
Shaftl(mm) 73.949
Sun(mm) 22.500
Total axial load

Carrier(N) 0.000
Ring(N) -1186.957
Shaft1(N) 0.000
Sun(N) 1235.899
Torsion under torque

Carrier(°) -0.001
Ring(®) -0.000
Shaft1(°) -0.013
Sun(®) -0.044
Bearing

Probability of failure [n] 10.00 %

Axial clearance [ua] 10.00
Lubricant Oil: ISO-VG 220

Lubricant - service temperature [Tg] 70.00
Rolling bearing stiffness calculated from internal geometry

Shaft 'Carrier' Rolling bearing 'RollerBearing1'

Position (Y-coordinate) vl 41.00 mm

Dynamic equivalent load [P] 0.00 kN

Equivalent load [Po] 0.00
Minimum EHL lubricant film thickness [hmin] -nan(ind)
Spin to roll ratio [w_s/w_roll] 0.000

Life modification factor for reliability[a;] 1.000
Results according to 1ISO 281.:

Load ratio [CIP] inf
Operating viscosity [v] 0.000
Reference viscosity [vi] 0.000
Viscosity ratio [K] 0.000
Contamination factor [ec] 0.500
Basic bearing rating life [Lan] > 1000000
Static safety factor [Sq] 9999.99
Operating bearing clearance [Pd] 17.760
Reference rating service life [Lnen] > 1000000
Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.039
Load-dependent moment of friction [M4] 0.000
Moment of friction, cylindrical roller bearing[M_] 0.000
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Migss] 0.039
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°C

kN
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mm?/s

um

Nm
Nm
Nm

Nm
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Power loss [Pioss] 0.083 w
The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing [ud] -0.000 um
Displacement of bearing [uy] -0.000 um
Displacement of bearing [u]] -0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [rd -0.000 mrad
Misalignment of bearing [r] -0.008 mrad
Misalignment of bearing [r2] -0.000 mrad
Misalignment of bearing [r] 0.000 mrad
Shaft 'Ring' Bearing 'Support4'

Position (Y-coordinate) vl 3.50 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fyl 1.187 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Displacement of bearing [ud] 0.000 um
Displacement of bearing [uy] 0.000 um
Displacement of bearing [u]] 0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [rd 0.000 mrad
Misalignment of bearing [r] -0.000 mrad
Misalignment of bearing [r2] 0.000 mrad
Misalignment of bearing [r] 0.000 mrad
Shaft 'Shaftl' Rolling bearing 'RollerBearing2'

Position (Y-coordinate) vl 50.00 mm

Dynamic equivalent load [P] 1.73 kN

Equivalent load [Po] 0.62 kN
Minimum EHL lubricant film thickness [hmin] 0.028 um
Spin to roll ratio [w_s/w_roll] 0.064

Life modification factor for reliability[a;] 1.000

Results according to 1ISO 281.:

Load ratio [CIP] 9.562
Operating viscosity [v] 48.884 mm?/s
Reference viscosity [vi] 0.000 mm?/s
Viscosity ratio [K] 0.000
Contamination factor [ec] 0.500

Basic bearing rating life [Lan] 126270.18 h
Static safety factor [So] 17.48
Operating bearing clearance [Pd] 13.097 um
Reference rating service life [Lnen] 142820.50 h
Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] -1.236 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (10.61°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.012 Nm
Load-dependent moment of friction [M4] 0.041 Nm
Moment of friction, cylindrical roller bearing[M_] 0.000 Nm
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Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Mioss] 0.053
Power loss [Pioss) 0.636
The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing [ud] 0.000
Displacement of bearing [uy] 109.980
Displacement of bearing [u]] -0.000
Displacement of bearing [u] 0.000
Misalignment of bearing [rd -0.000
Misalignment of bearing [r] -0.107
Misalignment of bearing [r2] 0.000
Misalignment of bearing [r] 0.000
Bearing 'cShaftlSun'

Position (Y-coordinate) vl 104.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fyl -1.236 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] -0.00 Nm

Bearing reaction moment [My] 37.40 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (162°)
Displacement of bearing [ud] 0.000
Displacement of bearing [uy] 0.000
Displacement of bearing [u]] 0.000
Displacement of bearing [u] 0.000
Misalignment of bearing [rd 0.000
Misalignment of bearing [r] 0.000
Misalignment of bearing [r2] 0.000
Misalignment of bearing [r] 0.000

(*) Note about roller bearings with an approximated bearing geometry:
The internal geometry of these bearings has not been input in the database.

Nm

pum
pum
pum
pum
mrad
mrad
mrad
mrad

pum
pum
pum
pum
mrad
mrad
mrad
mrad
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The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).

For this reason, the geometry may be different from the actual geometry.

In some situations, this may result in significant variations in roller bearing stiffness.

Damage (%) [Lreq] ( 15000.000
Binno Bl B2

1 150 11.88

2 150 11.88

Utilization (%)
B1 B2
24.66 49.16
Note: Utilization = (Lreq/Lh)"(1/k)
Ball bearing: k = 3, roller bearing: k = 10/3

[Lreq] ( 15000.000

Bl : RollerBearingl
B2 : RollerBearing2
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Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2

Figure: Equivalent stress
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Components - Y-component
Components - Arbitrary plane

Equivalent stress (GEH)
Equivalent stress (SSH)
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Strength calculation according to DIN 743:2012

Summary

Sun

Material C45 (1)

Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No

Calculation of endurance limit and the static strength

Calculation for load case 2 (cav/omv = const)

Cross section Position (Y-Coord) (mm)

A-A 16.20 Smooth shaft

Results:

Cross section Kfb Kfo K2d SD
A-A 1.00 0.89 0.93 11.06 8.00
Required safeties: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfo: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

Utilization (%) [Smin/S]

Cross section Static Endurance
A-A 15.003 10.853

Maximum utilization of shafts (%)

[A]
Sun: 15.003
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100 = 5 — Utilization - static
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Utilization = Smin/S (%)
Figure: Strength
Calculation details
General statements
Label Sun
Drawing
Length (mm) [n 45.00
Speed (1/min) [n] 115.40
Material C45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Load factor static calculation 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000
Reference diameter material (mm) [dB]
oB according to DIN 743 (at dB) (N/mm?) [oB]
oB according to DIN 743 (at dB) (N/mm?) [0S]

[ozdW], bei dB (N/mm?)

[obW], bei dB (N/mm?2)

[tW],  bei dB (N/mm?2)

Thickness of raw material (mm) [dWerkst]
Material data calculated according DIN743/3 with K1(d)
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Utilization - endurance

16.00
700.00
490.00
280.00
350.00
210.00

21.00
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Material strength calculated from size of raw material
Geometric size factor K1d calculated from raw material diameter

[oBeff] (N/mm?) 678.51
[oSeff] (N/mm?) 470.32
[obF] (N/mm?) 564.39
[1tF] (N/mm?) 325.85
[oBRand] (N/mm?) 628.00
[ozdW] (N/mm?) 271.40
[obW] (N/mm?) 339.25
[1tW] (N/mm?) 203.55

Endurance limit for single stage use

Calculation for load case 2 (0.av/a.mv = const)

Cross section'A-A'Smooth shaft

Comment

Position (Y-Coordinate) (mm) vl 16.197
External diameter (mm) [da] 20.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

Tension/Compression Bending Torsion Shearing
Load: (N) (Nm)

Mean value [Fzdm, Mbm, Tm, Fgm] 617.949 0.000 18.700 0.000

Amplitude [Fzda, Mba, Ta, Fga] 617.949 0.000 18.700 0.000

Maximum value [Fzdmax, Mbmax, Tmax, Fgmax]2101.028 0.000 63.580 0.000
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 314.159 785.3981570.796 314.159

Stresses: (N/mm?)

[ozdm, obm, Tm, Tgm] (N/mm?) 1.967 0.000 11.905 0.000
[ozda, oba, 1a, Tqa] (N/mm?) 1.967 0.000 11.905 0.000
[ozdmax,cbmax,tmax,Tgmax] (N/mm?) 6.688 0.000 40.476 0.000
Technological size influence [K1(aB)] 0.969

[K1(aS)] 0.960

Tension/Compression Bending Torsion

Notch effect coefficient [R] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.935 0.935
Influence coefficient surface roughness [KF] 0.895 0.895 0.939
Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.118 1.188 1.135

Present safety for endurance limit:

Equivalent mean stress (N/mm?) [omV] 20.713
Equivalent mean stress (N/mm?) [TmV] 11.959
Fatigue limit of part (N/mm?) [OWK] 242.795 285.592 179.406
Influence coefficient of mean stress sensitivity.

[woK] 0.218 0.267 0.152
Permissible amplitude (N/mm?2) [cADK]  40.790 0.027 155.594
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Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:
Static notch sensitivity factor

Increase coefficient

Yield stress of part (N/mm?)

Safety yield stress

Required safety

Result (%)

Remarks:

[S] 11.057
[Smin] 1.200
[S/Smin] 921.4
[K2F] 1.000 1.200 1.200

[yF] 1.000 1.000 1.000

[oFK]  470.325 564.390 325.850

[S] 7.998
[Smin] 1.200
[S/Smin] 666.5

- The shearing force is not considered in the analysis specified in DIN 743.

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..
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Name : spojeniA

Changed by: David Griin on: 26.07.2020 at: 13:26:59

Bolt calculati i VDI 2230:2015

Inputs:

Configuration: Multi-bolted joint with arbitrary position of the bolts
The bolt load is calculated under the assumption that rigid plates are present..
The user must check that this assumption is correct..

Calculation using assembly temperature

Assembly temperature (°C) [TM] 20.00
Thread standard Standard thread

Label M10

Pitch (mm) [P] 1.50
Flank angle (°) [B] 60.00
Reference diameter (mm) [d] 10.00
Flank diameter (mm) [d2] 9.03
Core diameter (mm) [d3] 8.16
Nominal cross section of thread (mm?) [AN] 78.54
Core cross section of the thread (mm?) [Ad3] 52.29
Thread manufacturing Final heat treated
Surface roughness (um) [Rz] 16.00
Axial force at flange (N) [FaU/FaO] 0.00 /0.00
Shearing force at flange (N) [Fax] 0.00
Shearing force at flange (N) [Fay] 970.00
Torque at flange (Nm) [Mt] 0.00

Bending moment at flange (Nm)
Bending moment at flange (Nm)

[MbxU/MbxO]  114.00 / 114.00
[MbyU/MbyO] 0.00 /0.00

Required clamping force for sealing (N) [Fd] 4000.00

Coefficient of friction between parts [b] 0.100

Number of screws [n] 4

Chosen screw [no.] 4

Axial force at single screw (N) [FAU/FAQ] 760.00 / 760.00

Required clamping force:

For shearing force transmission (N) [FKQ] 2425.00
- Maximal clamping force applied
- Direction of shearing force is not taken into account
For sealing (N) [FKP] 1000.00
Load on single screws
No. X[mm)] Y [mm] Factor Fa1 [N] Fa2 [N] Fkerf[N]
1 75.00 0.00 1.00 0.00 0.00 2425.00
2 0.00 -75.00 1.00 -760.00 -760.00 2425.00
3 -75.00 0.00 1.00 0.00 0.00 2425.00
4 0.00 75.00 1.00 760.00 760.00 2425.00
Center point for  no load maximum load minimum load
SX 0.000 0.000 0.000
sy 0.000 0.000 0.000
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Figure: Bolt positions

Tightening technique:
Tightening factor

KISSsoft

Torque wrench (by estimating the coefficient of friction)

Minimum tightening factor (scattering coef. of friction)

Load application factor

Bolting type: SV 1

Length of connected solid (mm)
Distance of connected solid (mm)
Load application height (mm)

Coef. of friction in thread
Coef. of friction at head support

Bolt type:

Reference diameter (mm)
Bolt length (mm)

Shank diameter (mm)
Shank length (mm)
Thread length (mm)

Outer diameter of head support (mm)
Inner diameter of head support (mm)
Surface roughness, head bearing area (um)

Stressed cross section of screw (mm?)

Addendum (mm)

Free thread length (mm)
Width across flats (mm)
Reduction coefficient

Strength class

Tensile strength (N/mm?)

Yield point (N/mm?)

Maximum yield point (N/mm?)
Young's modulus screw (N/mm?2)

Clamped parts:
Number of parts

2/5

Hexagon head screw without shank (A B) DIN EN ISO 4017:2001

[aA] 1.80
[amin] 1.00
[n] 0.70
[IA] 0.00
[ak] 0.00
[Ik] 8.40
[MG] 0.100 /0.100
[MK] 0.100 /0.100
[d] 10.00
n 20.00
[d1] 10.00
[11] 4.50
[b] 15.50
[dw] 14.63
[da] 11.20
[Rz] 16.00
[As] 57.99
[K] 6.40
[13] 7.50
[s] 16.00
[kT] 0.50
8.8

[Rm] 800.00
[Rp0.2] 640.00
[Rp,max] 640.00
[ES] 205000.00
Plates

[iP] 1



Part A

Material

Depth of Layer (mm)

Young's modulus (N/mm?)
Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

KISSsoft

c45 (1)
[hi] 10.00
[Ep] 206000.00
[pG] 770.00
[Rz] 16.00
[1k] 10.00
[lkeff] 12.00

including washers and counter bore depth or extension sleeves

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

Washer below screw head:

Standard

External diameter (mm)

Inner diameter (mm)

Thickness (mm)

Surface roughness (um)

Young's modulus (N/mm?)
Permissible surface pressure (N/mm?)

Blind hole

Material

Counter bore depth (mm)
Young's modulus (N/mm?)
Surface roughness (um)

Results:

Virtual outer diameter of base body:
Diameter (mm)
Diameter (mm)
Diameter limit (mm)
Cone angle (°)
Ductility of flange (mm/N)
Addition for plate resilience (mm/N)
Ductility of screw (mm/N)
Load factor for centric load introduction
Amount of embedding (mm)
Preload loss (N)
required assembly preload:
-minimum (N)
-maximum (N)
Pretension force according table (N)
Screw force at yield point (N)
attained assembly preload:
-maximum (N)
for utilization of yield point (%)

Pretension force (N)
Additional bolt load (N)
Additional plate load (N)
Fatigue load (N/mm?)
Screw extension at FMmin (mm)

at FMmax (mm)

at FM (mm)
Part extension at FMmin (mm)

at FMmax (mm)

at FM (mm)

ISO 273:1979/DIN EN 20273:1992 fine
[dh] 10.50
[cK] 0.00

DIN EN ISO 7089:2000

[d2] 19.48
[d1] 10.77

ih] 2.00

[Rz] 16.00

[E] 205000.00

PGl 1250.00

c45 (1)

Its] 0.00

[Ep] 206000.00

[Rz] 16.00

[DA] 25.49

[DA] 25.49

[DA.Gr] 25.49

[o] 24.35

[5P] 3.028600e-07
[5Pzu] 2.039656e-07
[5S] 1.960057¢-06
[®n] 0.1568

[fz] 0.0125

[Fz] 5523.84

[FMmin] 8589.69

[FMmax] 15461.45

[FMtab] 30500.00

[FM0.2] 37000.00

[FM] 30351.35

[%Re] 90.00

[FV] 24827.50

[FSA] 119.15

[FPA] 640.85

[oa] 0.00

[fSmin] 0.01684
[fSmax] 0.03031

[fs] 0.05949
[fTmin] 0.00260
[fTmax] 0.00468

[fT] 0.00919

Calculation with maximum attained pretension force:

for utilization of yield point (%)
Mounting-Pretension force (N)
Pretension force (N)
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[%Re] 90.00
[FM] 30351.35
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Additional clamp load (spare) (N)

Equivalent stress in mounting state (N/mm?)
Equivalent stress in working state (N/mm?)

Tightening torque (Nm)
Loose torque (Nm)
Surface pressure
under bolt head (N/mm?)
under washer (N/mm?)

[FKres] 827217
[ored.M] 576.00
[ored.B] 549.36
[MA] 42.80
[ML] 23.00
[PK] 437.90
[p] 192.14

KISSsoft

Calculation with the minimum required assembly preload, tightening factor: 1.00

Mounting-Pretension force (N)

Equivalent stress in mounting state (N/mm?)
Equivalent stress in working state (N/mm?)

Tightening torque (Nm)
Loose torque (Nm)
Surface pressure
under bolt head (N/mm?)
under washer (N/mm?)

[FMmin] 8589.69
[ored.M_FMmin] 163.01
[ored.B_FMmin] 156.88
[MA_FMmin] 12.11

[ML_FMmin] 2.84

[PK_FMmin]  125.16
ol 54.92

Calculation with the maximum required assembly preload with tightening factor:  1.80

Mounting-Pretension force (N)
Additional clamping force (reserve) (N)

Equivalent stress in mounting state (N/mm?)
Equivalent stress in working state (N/mm?)

Tightening torque (Nm)
Loose torque (Nm)
Surface pressure
under bolt head (N/mm?)
under washer (N/mm?)
Residual clamp load (N)

Permissible equivalent stress (N/mm?)
Permissible equivalent stress (N/mm?)
Support area

under bolt head (mm?)

under washer (mm?)

Permissible surface pressure
under bolt head (N/mm?)
under washer (N/mm?)

Summary:

The yield point must not be exceeded.

[FMmax] 15461.45
[FKres] 8272.17
[ored.M_FMmax] 293.42
[ored.B_FMmax] 280.82
[MA_FMmax] 21.80
[ML_FMmax] 9.21

[PK_FMmax] 223.91

[p] 98.25
[FKR] 2425.00
[0.Mzul] 576.00
[0.Bzul] 640.00
[ApK] 69.58
[Ap] 158.58
[pKzul] 1250

[pzul] 770.00

Calculation with the maximum required assembly preload with tightening factor:  1.80

Safety against yield point
Safety against fatigue
Safety against pressure

Calculation with maximum attained pretension force:

Safety against yield point
Safety against fatigue
Safety against pressure

[SF] 2.28
[SD] 1000.00
[SP] 5.58
[SF] 1.16
[SD] 1000.00
[SP] 2.85

Calculation with minimum attained pretension force:

Safety against sliding
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Figure: Display of the clamping diagram

Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.

-The safety against sliding (SG = FKR/FKerf) is calculated with FM/a.

-The calculation of the normal values for 90% utilization factor (Preload

and tightening torque) follows the corresponding equation according to

VDI 2230. These values correspond with the values in the tables in the VDI Standard.
Small differences may however occur..

-Surface pressure under washers: Maximum external diameter for

calculating the support area is dw + 1.6*hs (VDI 2230: 2015, Formula 194).

-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 243
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File

Name
Changed by:

spojenib
David Griin

on: 27.07.2020

at: 10:52:46

Bolt calculati i VDI 2230:2015

Inputs:
Configuration:

The user must check that this assumption is
Calculation using assembly temperature

Multi-bolted joint with arbitrary position of the bolts
The bolt load is calculated under the assumption that rigid plates are present..

correct..

Assembly temperature (°C) [TM] 20.00
Thread standard Standard thread
Label M16
Pitch (mm) [P] 2.00
Flank angle (°) [B] 60.00
Reference diameter (mm) [d] 16.00
Flank diameter (mm) [d2] 14.70
Core diameter (mm) [d3] 13.55
Nominal cross section of thread (mm?) [AN] 201.06
Core cross section of the thread (mm?) [Ad3] 14412
Thread manufacturing Final heat treated
Surface roughness (um) [Rz] 16.00
Axial force at flange (N) [FaU/FaO] 0.00 /0.00
Shearing force at flange (N) [Fax] 0.00
Shearing force at flange (N) [Fay] 970.00
Torque at flange (Nm) [Mt] 0.00
Bending moment at flange (Nm) [MbxU/MbxO] 114.00 / 114.00
Bending moment at flange (Nm) [MbyU/MbyO] 0.00 /0.00
Required clamping force for sealing (N) [Fd] 4000.00
Coefficient of friction between parts [b] 0.100
Number of screws [n] 4
Chosen screw [no.] 1
Axial force at single screw (N) [FAU/FAQ] 950.00 / 950.00
Required clamping force:
For shearing force transmission (N) [FKQ] 2425.00
- Maximal clamping force applied
- Direction of shearing force is not taken into account
For sealing (N) [FKP] 1000.00
Load on single screws
No. X[mm)] Y [mm] Factor Fa1 [N] Fa2 [N] Fkerf[N]
1 85.00 30.00 1.00 950.00 950.00 2425.00
2 85.00 -30.00 1.00 -950.00 -950.00 2425.00
3 -85.00 30.00 1.00 950.00 950.00 2425.00
4 -85.00 -30.00 1.00 -950.00 -950.00 2425.00
Center point for  no load maximum load minimum load
SX 0.000 0.000 0.000
sy 0.000 0.000 0.000
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Figure: Bolt positions
Tightening technique: Torque wrench (by estimating the coefficient of friction)
Tightening factor [aA] 1.80
Minimum tightening factor (scattering coef. of friction)

[amin] 1.00
Load application factor [n] 0.70
Bolting type: SV 1
Length of connected solid (mm) [IA] 0.00
Distance of connected solid (mm) [ak] 0.00
Load application height (mm) [Ik] 12.60
Coef. of friction in thread [MG] 0.100 /0.100
Coef. of friction at head support [MK] 0.100 /0.100
Bolt type: Cylindrical screw with socket head bolt DIN EN ISO 4762:2004
Reference diameter (mm) [d] 16.00
Bolt length (mm) [ 60.00
Shank diameter (mm) [d1] 16.00
Shank length (mm) [11] 6.00
Thread length (mm) [b] 54.00
Outer diameter of head support (mm) [dw] 23.17
Inner diameter of head support (mm) [da] 17.70
Surface roughness, head bearing area (um) [Rz] 16.00
Stressed cross section of screw (mm?) [As] 156.67
Addendum (mm) [K] 16.00
Diameter of screw head (mm) [dk] 24.00
Free thread length (mm) [13] 12.00
Width across flats (mm) [s] 14.00
Reduction coefficient [kT] 0.50
Strength class 6.8
Tensile strength (N/mm?) [Rm] 600.00
Yield point (N/mm?) [Rp0.2] 480.00
Maximum yield point (N/mm?) [Rp,max] 480.00
Young's modulus screw (N/mm?) [ES] 205000.00
Clamped parts: Plates
Number of parts [iP] 1
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Part A

Material

Depth of Layer (mm)

Young's modulus (N/mm?)
Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

KISSsoft

C45 (1)
[hi] 15.00
[Ep] 206000.00
PG 770.00
[Rz] 16.00
I1K] 15.00
[lkeff] 18.00

including washers and counter bore depth or extension sleeves

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

Washer below screw head:

Standard

External diameter (mm)

Inner diameter (mm)

Thickness (mm)

Surface roughness (um)

Young's modulus (N/mm?)
Permissible surface pressure (N/mm?)

Blind hole

Material

Counter bore depth (mm)
Young's modulus (N/mm?)
Surface roughness (um)

Results:

Virtual outer diameter of base body:
Diameter (mm)
Diameter (mm)
Diameter limit (mm)
Cone angle (°)
Ductility of flange (mm/N)
Addition for plate resilience (mm/N)
Ductility of screw (mm/N)
Load factor for centric load introduction
Amount of embedding (mm)
Preload loss (N)
required assembly preload:
-minimum (N)
-maximum (N)
Pretension force according table (N)
Screw force at yield point (N)
attained assembly preload:
-maximum (N)
for utilization of yield point (%)

Pretension force (N)
Additional bolt load (N)
Additional plate load (N)
Fatigue load (N/mm?)
Screw extension at FMmin (mm)

at FMmax (mm)

at FM (mm)
Part extension at FMmin (mm)

at FMmax (mm)

at FM (mm)

ISO 273:1979/DIN EN 20273:1992 fine
[dh] 17.00
[cK] 0.00

DIN EN ISO 7089:2000

[d2] 29.48
[d1] 17.27

[h] 3.00
[Rz] 16.00

[E] 205000.00
[PG] 1250.00
C45 (1)

[ts] 0.00
[Ep] 206000.00
[Rz] 16.00
[DA1 39.24
[DA] 39.24
[DA.Gr] 39.24

[®] 24.06
[OP] 1.928522e-07
[0Pzu] 1.274785e-07
[6S] 1.105256e-06
[®n] 0.1727
[fz] 0.0125
[Fz] 9629.40
[FMmin] 12840.30
[FMmax] 23112.54
[FMtab] 62000.00
[FMO0.2] 75000.00
[FM] 62190.38
[%Re] 90.00
[FV] 52560.98
[FSA] 164.10
[FPA] 785.90
[oa] 0.00
[fSmin] 0.01419
[fFSmax] 0.02555
[fS] 0.06874
[fTmin] 0.00248
[fTmax] 0.00446
[fT] 0.01199

Calculation with maximum attained pretension force:

for utilization of yield point (%)
Mounting-Pretension force (N)
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Pretension force (N)
Additional clamp load (spare) (N)

Equivalent stress in mounting state (N/mm?)
Equivalent stress in working state (N/mm?)

Tightening torque (Nm)
Loose torque (Nm)
Surface pressure
under bolt head (N/mm?)
under washer (N/mm?)

[FV] 52560.98
[FKres] 21709.91
[ored.M] 432.00
[ored.B] 413.91
[MA] 136.49
[ML] 81.45
[PK] 355.13
[p] 164.01

KISSsoft

Calculation with the minimum required assembly preload, tightening factor: 1.00

Mounting-Pretension force (N)

Equivalent stress in mounting state (N/mm?)
Equivalent stress in working state (N/mm?)

Tightening torque (Nm)
Loose torque (Nm)
Surface pressure
under bolt head (N/mm?)
under washer (N/mm?)

[FMmin] 12840.30
[ored.M_FMmin] 89.19
[ored.B_FMmin] 86.26
[MA_FMmin] 28.18
[ML_FMmin] 4.98

[PK_FMmin] 74.06
ipl 34.21

Calculation with the maximum required assembly preload with tightening factor:  1.80

Mounting-Pretension force (N)
Additional clamping force (reserve) (N)

Equivalent stress in mounting state (N/mm?)
Equivalent stress in working state (N/mm?)

Tightening torque (Nm)
Loose torque (Nm)
Surface pressure
under bolt head (N/mm?)
under washer (N/mm?)
Residual clamp load (N)

Permissible equivalent stress (N/mm?)
Permissible equivalent stress (N/mm?)
Support area

under bolt head (mm?)

under washer (mm?)

Permissible surface pressure
under bolt head (N/mm?)
under washer (N/mm?)

Summary:

The yield point must not be exceeded.

[FMmax] 23112.54
[FKres] 21709.91
[ored.M_FMmax] 160.55
[ored.B_FMmax] 154.46
[MA_FMmax] 50.72
[ML_FMmax] 20.89

[pPK_FMmax] 132.57

[p] 61.22
[FKR] 2425.00
[0.Mzul] 432.00
[0.Bzul] 480.00
[ApK] 175.58
[Ap] 380.19
[pPKzul] 1250

[pzul] 770.00

Calculation with the maximum required assembly preload with tightening factor:  1.80

Safety against yield point
Safety against fatigue
Safety against pressure

Calculation with maximum attained pretension force:

Safety against yield point
Safety against fatigue
Safety against pressure

[SF] 3.1
[SD] 1000.00
[SP] 9.43
[SF] 1.16
[SD] 1000.00
[SP] 3.52

Calculation with minimum attained pretension force:

Safety against sliding
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FM (n=1)
63000 ™
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Figure: Display of the clamping diagram

Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.

-The safety against sliding (SG = FKR/FKerf) is calculated with FM/a.

-The calculation of the normal values for 90% utilization factor (Preload

and tightening torque) follows the corresponding equation according to

VDI 2230. These values correspond with the values in the tables in the VDI Standard.
Small differences may however occur..

-Surface pressure under washers: Maximum external diameter for

calculating the support area is dw + 1.6*hs (VDI 2230: 2015, Formula 194).

-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 244
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POZ. NAZEV MATERIAL NORMA POCET
POLOTOVAR
1 PRIRUBA - MOTOR CSN 47 72640 ODLITEK 1
7 STREDNI KRYT CSN 11 523 CSN 42 5510 1
K PRIRUBA - DESKA CSN 11 523 CSN 42 5510 1
4 DESKA CSN 47 72640 ODLITEK 1
5 VIKO N& VYSTUPU CSN 11 523 CSN 42 5510 1
b VIKO - CETRALNI CSN 11 523 CSN 42 5510 1
! VIKO - UNASEC CSN 11 523 CSN 472 5510 1
8 CENTRALNI KOLO CSN 15 241 CSN 42 5510 1
9 SATELIT CSN 15 241 CSN 42 5510 K
10 KORUNOVE KOLO CSN 15 241 CSN 47 5510 1
11 INESEC CSN 42 2640 ODLITEK 1
17 HRIDEL - MOTOR CSN 12 050 CSN 42 5510 1
13 HRIDEL - VSTUPNI CSN 12 050 CSN 47 5510 1
14 HRIDEL - VYSTUPNI CSN 12 050 CSN 42 5510 1
15 STUEWE HSD 50-22 CSN 11 373 - 1
16 SFK 16009 CSN 4272 2456 CSN 0272 4635 1
17 SFK 61820 CSN 42 2456 CSN 02 4635 1
18 SFK NKI 12720 CSN 42 24506 CSN 02 4635 K
19 HMSS bOXBOX10 NBR S0 CSN 02 9401 1
20 HMSS 40Xb60X10 NBR S0 CSN 072 9401 1
21 POJISTNY KROUZEK 75 CSN 127 Vbl CSN 02 2931 1
27 POJISTNY KROUZEK 45 CSN 17 b1l CSN 02 2930 1
23 POJISTNY KROUZEK 125 CSN 12 Vbl CSN 072 2931 1
24 POJISTNY KROUZEK 100 CSN 17 b1l CSN 02 2930 1
25 STREDICI KOLIK CSN 172 040 CSN 02 2150 K
20 NAPOUSTECTI ZATKA CSN 14 260 CSN 072 1143 1
e VYPOUSTECI SROUB M10 CSN 14 260 CSN 02 1143 1
28 SROUB M1b6Xb60 CSN 14 260 CSN 02 1103 4
29 PODLOZKA M1b CSN 11 423 CSN 02 1701 4
S0 SROUB M12X45 CSN 14 260 CSN 02 1103 5
31 PODLOZKA M12 CSN 11 423 CSN 02 1701 24
57 MATICE M12 CSN 14 260 CSN 072 1407 14
33 SROUB MbX1?2 CSN 14 260 CSN 02 1103 4
54 SROUB MbX20 CSN 14 260 CSN 02 1103 1
55 SROUB MbX35 CSN 14 260 CSN 072 1103 1
Sb SROUB M1OX20 CSN 14 260 CSN 02 1103 4
KN PODLOZKA M10 CSN 11 423 CSN 02 14072 4
58 SROUB M12X45 CSN 14 260 CSN 072 1103 4
39 SROUB M8X20 CSN 14 260 CSN 02 1143 4
49 TESNICI KROUZEK NBR /0 - 1
41 TESNE PERO CSN 172 050 CSN 02 2507 1
47 SROUB M12x50 CSN 14 260 CSN 02 1103 1
S APADOCESKA NAZEV DOKUMENTU P
UNIVERZI TRA
KONKSQTTQEUDOQvQéNj FORVATIETSL0 DOKUMENTU
NARRESL T ] BP KKS/K
David Gridn | .. 07 2000 SHEET 3.3




