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ne
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0 = M:
M Me
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Ti
T
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* Mazani Olejova lazeit
o Ol 1SO VG 220
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Mk kroutici moment

) Uhlova rychlost

P vykon

ic celkovy pfevodovy pomér

nc celkova u¢mnost

Mm kroutici moment motoru

pmin minimalni vile mez satelity

S1 satelitové kolo 1

52 satelitové kolo 2

K korunové kolo

C centrélni kolo

U unasece

rl polomér centralniho kola

r2 polomér korunového kola

rsl polomér satelitového kola 1

rs2 polomér satelitového kola 2

m modul

z pocet zubti

a thel zabéru

q pocet satelitl

T nejvetsi spolecny délitel poctu zubt satelith zsl a zs2
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M1 moment motoru

Mr moment na vstupu finalniho ¢lenu mechanismu

wr uhlova rychlost na vstupu findlniho ¢lenu mechanismu

i12 vstupni pievod mechanismu mezi motorem a findlnim c¢lenem
nl2 ucinnost mechanismu vstupniho pfevodu

i2r.1 pfevod mechanismu 1 tého stupné mezi vstupnim a findlnim prevodem
n2r.1 ucinnost mechanismu 1 t€ho stupné mez vst. a fmdlnim pfevodem
irs findlni pfevod mechanismu

nrs finalni GC¢nnost mechanismu

nel jmenovité otacky prvniho stupné

nMp maximalni otdCky pii nejvyssim prevodovém stupni

a mezistupniovy pokles vykonu

p pocet stupiiii prevodovky

Mel maximalni moment na viretenu

Me jmenovity moment motoru

ilr.1 pozZadovany prevodovy pomér prvniho stupné

nir.1 ucinnost planetového pirevodu p¥iprvnim stupni

Lh ZivotnostloZisek

fs statickd bezpecnost

Q hmotnost motoru

SH souhmoti

SF bezpecnostv misté dotyku

SH bezpecnost na paté zubu

SS bezpecnost proti otéru

SB bezpecnost proti otéru

SDA dynamicka bezpecnost SSA - staticka bezpecnost

M1T tfeci moment motoru

M2T tfeci moment na spojce

fd treci soucinitel drazkovani

Fy presuvna sila

S maximalni presuvna délka

A délka aktuatoru

N newton

N.m Newton metr
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kW kilowatt

\Y volt
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3 Uvod

Predkladand bakalatska prace mad za cil vyhodnotit nahradu ptedlohové redukcni
pievodovky posuvového mechanismu obrabéciho stroje dvoustupnovym planetovym
reduktorem. Prace je Clenéna na dvé casti, teoretickou a praktickou. V prvni teoretické cCasti
prace je nastinén vod do problematiky pfevodovych mechanismi a jejich ¢lenéni na zakladé
klicovych charakteristik, problematiky navrhovani a specifickych vlastnosti.

Vzhledem Kk jejich Siroké aplikaci v oblasti vyrobnich a obrabécich stroji je zde strucné
shrnuta 1 problematika elektromotortt a okrajové také dalsich pouzivanych druhi motort.
Teoreticka Cast je dale sméfovana piedev§im na planetové pievodovky, které jsou ke konci
rozpracovany vice do hloubky. U jednotlivych druhi pfevodovych mechanismid jsou v ramci
moznosti uvedeny 1 priklady jejich aplikaci ve vyrobni praxi s dirazem na obrabéci stroje.

Druhd cast je zaméfena predevSim na vypoCty konkrétniho feSeni dvoustupiioveé
planetové ptevodovky. Nejprve byl proveden hruby navrhovy vypocet, ktery na zakladé dat od
zadavatele potvrdil poZzadované parametry pievodovky a urCil hodnoty momentu a otacek,
potiebné jako vstup pro SW vypocet pomoci programu KISSsys a typizovaneho programu
Stage_2. Nasledné byl proveden SW vypocet a export parametrii prevodovky, ktery soucasné
obsahuje kontrolu pii pozadovanych bezpecnostech jednotlivych komponenti a ozubeni. Dale
byl proveden kratky kontrolni vypocet kliCovych parametri (rozméry ozubenych Kol)
manualné. Na zdkladé porovnani vystupnich dat a dat u stdvajiciho fteSeni probéhlo
vyhodnoceni z hlediska ekonomickeho a z hlediska sledovanych technickych parametra.

Kone¢nym vystupem prace je 3D model sestavy pievodovky, vykres sestavy, vyrobni
vykres hiidele a kusovnik.
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4 Analyza problémové situace

Ukolem od zadavatele je navrh alternativni varianty mechanismu, ktery
umozni pienos vykonu motoru na pracovni stroj. Vzhledem k tomu, Ze motor je obvykle
konstruovan na béh v jinych optimalnich otackach a vy$§i thlové rychlosti, nez jaké jsou
vyzadovany pracovnim strojem, je vhodné mezi tyto dva prvky zaclenit pievodovy
mechanismus. Pievodovy mechanismus umoziiuje regulaci uhlové rychlosti a krouticiho
momentu na vstupu a na vystupu podle potfeby pracovniho stroje. Nejvétsi skupinou pievodl
jsou mechanické prevody s pevnymi ozubenymi koly, vyznaCujici se piimou tvarovou vazbou.
Mezi jejich hlavni vyhody patii podle [1]:

Velkky rozsah zatizeni a otacek, kde lze tyto mechanismy aplikovat
Nizké valivé a tfeci ztraty

Nenaro¢na tdrzba

Kratkodoba pretiziteInost

Spolehlivost a dlouhd Zivotnost

Dodrzeni pievodového poméru

O O O O O O

Hlavnimi nevyhodami jsou predevsim:
o Slozit¢j$1 a nakladnéj$i vyroba
o Potencialni hluk, vibrace
o Tuhd vazba, kterd neumoznuje tlumit razy
o Naroky na pfesnost a tuhost ulozeni

Mechanické pievodovky s pevnymi ozubenymi koly s jedno nebo vicestupfiovym soukolim se
vyznaCuji konstantnim pievodovym pomérem.

4.1 Predbézné porovnani stavajiciho a nové navrZzeného reSeni, definice
sledovanych parametri

Stavajici teSeni je provedeno piedlohovou pievodovkou se dvéma ozubenymi koly.
Z principu piedlohové prevodovky je patrné, Ze pro dosazeni pozadované¢ho pievodového
poméru bude muset byt zna¢ny rozdil ve velikosti prevodovych kol a vzhledem K uspofadani
ptevodovky, kde jsou jednotlivé osy rovnobézné vedle sebe, z toho vyplyvaji i vyrazné veétsi
rozméry. Vzhledem k vysokému pievodovému poméru, ktery je pozadovan, by musela byt
pievodovka realizovana pfies vice nez jeden pievod, coz opét zvétSuje narok na prostor.

Ptevodovy pomér vyzaduje iu planetové pievodovky zatazeni druhého stupné, ale ten
ovlivni rozmér pirevodovky pouze v jednom sméru. Uspofadani ozubenych kol v planetové

vvvvv

mezi vice elementt. VEtsi pocet ozubenych kol a dalSich soucasti u planetové prevodovky bude
mit vS§ak ziejmé nepiiznivy dopad na hmotnost.

Na zakladé uvahy vySe budou stanoveny sledované parametry, které budou pak v zavéru
vyhodnoceny. Parametry pivodniho feSeni budou stanoveny z komeréné dostupnych feseni
obdobné konstrukce.
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Sledované paramety Vaha parametru
Zivotnost 4
hmotnost 2
Rozméry 4
Naklady a udrzba 4

Tabulka. 1 Sledované parametry feSeni prevodového mechanismu

Hlavni vyhody alternativniho feSeni jsou tedy predpokladany piedevsim z hlediska
rozméril a Zivotnosti. Zivotnost stavajiciho feeni byla stanovena na zakladé prizkumu stavu
techniky. Obvykle se nikde celkova Zivotnost zafizeni neuvadi, protoze je zavisld na zpisobu
provozu a zatizeni, definovanych tzv. Servisnim faktorem [31]. PoZzadované hodnoty byly
odvozeny z poptavkovych formulait (NORD) a servisniho katalogu (Raveo), kde je uvadéna
standartni dimenzovani loZisek na 10 000h provozu (a 5000 reverzniho chodu). [30]. Podle
odpovédi vyrobce (Raveo) odpovidd zvotnost lozisek celkové Zzivotnosti pievodovky.
Uvedeme tedy u Zkoumanych komeréné dostupnych produktl Zivotnost 10 000h. Alternativni
feseni je od pocatku dimenzovano na 15 000 hodin, nabizi tedy pfi znAmém zpiisobu zatéZzovani

vvvvv

Z hlediska rozméri a hmotnosti porovname katalogové rozméry zkoumanych
prevodovek s vyslednymi rozméry alternativniho feSeni. Pfedpokladana hypotéza je, ze
hmotnostné vyjde planetova pievodovka méné piiznivé, ale z hlediska rozmérti vyjde piiznivéji
nez stavajici feSeni.

4.2 Pruzkum stavu techniky — stavajici feSeni

V ramci definice sledovanych parametri byly vybrany tfi produkty, které pfiblizn¢ svymi
parametry odpovidaly pozadavkim zadavatele. Jednd se o ITH 132 U od firmy RAVEO,
NORD SK42 a CMG 052 opét od firmy RAVEO. Vykresy ptevzaté z katalogu vyrobcl jsou
souCasti ptilohy ¢. 3. Parametry stavajictho feSeni budou na konci prace porovnany
s vyslednymi parametry alternativniho feSeni.

Hmotnost
3CMG 052 |16kg
NORD SK42 | 12,3 kg
1I1TH 132U |9,1kg

Tabulka 2 hmotnosti ¢elnich ptevodovek
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5 Zakladni parametry prevodového mechanismu

5.1 Prevodovy pomér

Zakladni parametr, ktery charakterizuje prevodovy mechanismus. Jednd se o pomér rychlosti
hnaného a hnaciho ¢lenu, popf. pomér poctu zubti hnaného kola (z,) kK po¢tu zubt hnaciho kola (z;).

=% _ ™ _Z% (1)

®1— thlova rychlost hnaciho ¢lenu
®2— Uhlova rychlost hnaného ¢lenu
M — otacky hnaciho Clenu

n2 — otd€ky hnaného cClenu

z1 — pocCet zubli pastorku

22 — pocet zubll hnan¢ho kola

Pro i <1, plati, Ze w1 <w2Vtomto piipadé se jedna o pievod do rychla a pfevodovky
Stimto pievodovym pomérem se nazyvaji multiplikatory. Tento typ pievodovek ma
Vv technické praxi mensi mnozstvi uplatnéni. Pro i> 1, plati, Ze ®1> @2V tomto piipadé se jedna
o prevod do pomala a pievodovky s timto prevodovym pomérem se nazyvaji reduktory.
Vétsina prevodovek ma v praxi funkci reduktoru. Pro symetrické uloZeni pastorku v rdmu plati
maximalni pfevodovy pomér 4 pro tvrzené zuby a 7 pro netvrzené zuby.

Dle konstruk¢nich zvyklosti je vhodné davat soukoli s vy$§imi pievodovymi poméry k vystupu
Z ptevodovky a niz8i prevodové poméry na vstup. Pfevodovy pomér by ze zdsady nemél byt
celé Cislo, coz vychazi zpravidla, Ze pocty zubli soukoli by méla byt nesoudénd Cisla.
Prevodovy pomér je také ovlivnén materidlem ozubeni a konstrukénim uspotfadanim.

5.2 Poctyzubii pastorku a hnaného kola z1, z2

Pocet zubti na pastorku je ze zasady volen jako prvocislo, idealné z intervalu

z4 € (18,30)

Mmnimalni pocet zubli je definovan kritériem podiezdvani zubu, kdy dochaz k ubéru
materidlu na jeho paté, coz zpusobuje celkové oslabeni tuhosti zubu a je obecné nezidouci.
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Minimalni teoreticky pocet zubii je pro piimé ozubeni stanoven vztahem (2) jako zt=17.
V praxi je mirné podiezani tolerovano, je tedy pocitdn minimalni pocet zubti podle (3) z1p=14.

2y = 2)

Zipy = =% Zq; 3)

Uhel zibéru je obecné stanoven jako a = 20°.

Pocet zubti hnané¢ho kola se stanovuje na zikladé ptrevodového poméru (1) pti dodrzeni
podminky nesoud€mnosti poctu z1, 22, protoze jinak by hrozilo netmémé opotiebeni boktli zubl
a nezddoucimu hluku. Déle je nutno eliminovat rizko mterference montazni pro axialni (4)
nebo radialni (5) vkladani pastorku do hnaného kola.

Z,—z; =8 (4)

z,—z; =212 ()

V pifpadé kol se Skmymi zuby je tfeba pro kontrolu ur€it minimalni pocet zubi
virtudIniho kola (6), coz je primét normalného fezu ¢elntho ozubeného kola se Sikmymi zuby.
Ptevracenim (6) dostaneme (7), coz je vztah pro vypocet minimdlniho poctu zubli kola se
Sikmym ozubenim (an = 20°), kdy nedojde k interferenci (podiezani) zubi.

2

Zmin
Zymin = cos3(R) sin?(a,,) (6)
_ _ 2+cos>(R)
Zmin = Zvminscos®(R) ~ gp2 (ap) @
Zin = 17 * cos3(B) 8)

5.3 Uhel sklonu zubu (B)

Uhel sklonu je sklon boku zubu viii roviné proloZenou osou rotace. B zvySuje souinitel
trvani zab€ru a poztivné ovliviiyje plynulost a hlu¢nost chodu soukoli. Mozno vyuzit i
Kk eliminaci axialnich sil u slozenych soukoli.
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5.4 Sifka ozubeni (b), pomérna $ifka ozubeni (y)

Sitka ozubeni by méla byt co nejmensi, aby se zamezilo piilisnym prihybim nosnych
hiideld a tim zpGsobenému hranovému kontaktu na koncich zubti. Standartné je doporucena
Sitka ozubeni (9), pro zuby s tvrzenymi boky spiSe nizSi hodnota.

be (8+12)*m 9)
Poméma $itka ozubeni y vychazi ze vztahu s osovou vzdalenosti a (10).

Y, =2=0,3+0,5 (10)

a

5.5 Osovavzdalenost

Jednd se o vzdalenost os hiideli, na které jsou kola osazena. Teoretickd osova vzdalenost je
pro nekorigované soukoli s vnéjsim ozubenim definovana vztahem (11).

_ dytdy (11)

2
d1,2—priméry rozte¢nych kruznic ozubenych kol

V pifpadé korigovaného ozubeni definujeme tzv. Valivou osovou vzdalenost jako
vzdalenost jako (12), kde ow je valivy Uhel zabéru definovany vztahem (13). Pro dosazeni
optimalniho vzijemného propojeni mezi koly, je nutné mit mez hiideli kladnou wviili [6].

cosa

aw = ax cosay (12)
«,, = arccos(a * C‘;s—“‘) (13)

w

5.6 Korekce ozubeni

Korekce ozubeni vyjadiuje posunuti hiebene wviaci valivé (nominalni) piimce,
prochazejici polem pohybu ozubeného kola.
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/ - —%f/)%: A -ﬂFiijfi L (:Pf/ﬁk

kolo N kolo +V kolo =V
(x=0) (x>0) o (<0

a) b)

Obrazek 1 schéma kladné a zaporné korekce [2]

xm:D

Na obr. 1 jsou jasné patrné jednotlivé varianty korekci. Obr.la je kolo s nulovou
korekci, tzn. nekorigované kolo. Obr.1b je kladna korekce, kdy je hieben vysunut z kola.
Naopak zaporna korekce znamena zasunuti hiebene do kola, jak je patrné z Obr.1c. Pti korekci
se upravuje vySka hlavy a paty zubu pifi zachovani priméru rozte¢né kruznice. Dojde
K pozménéni priméru hlavové a patni kruznice (oba zvétSené nebo zmenSené, podle smyslu
korekce) pii zachovani velikosti priméri roztecné a zdkladni kruznice. [7]

korigovany tvar

nekorigovany tvar

Obréazek 2 korekce geometrie zubu [7]

Korigovani geometric umoziiuje vyrobu zubu s men$im poctem zubil, neZ je min. pocet
(7), aniz by hrozilo podiezani zubu. Korigovani ozubeni zabranuje zminénému podiezavani
zub, SpiCatosti zubll a obecné Zlepsuje zabérové a pevnostni viastnosti kol. [2]

5.7 Minimalni korekce

Jednd se o korekci proti podiiznuti napf. pii malém poctu zubll. Pro normalizované
soukoli je definovana vztahem (14)

P Zmin =% _ 172 (14)
min Zmin 17
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5.8 Maximalni korekce

Stanovuje se pro zamezeni S$piatosti zubu. Maximalni korekce je urCena
minimalni tloustkou zubu na hlavé a kontrolyje se z divodu zamezeni SpiCatosti zubu.
Pii zvySovani korekce dochazi vysouvanim hiebene k zesileni boku zubu, ale zeslabeni
jeho $picky, protoze se na hlavé zubu piiblizuji protilehlé evolventy k sobé, tzn. hlava

zubu se zuzuje.
Tento jev pevnostné oslabuje hlavu zubu a zt€zuje tepelné zpracovani kola (maly

objem materialu zubu piedstavuje riziko ptehiati a zkrouceni hlavy zubu). V extrémnim
piipadé mize dojit az k nulové Sifce hlavy a uplné Spicatosti zubu.

Kontroluje se tedy minimalni tloustka zubu podle vztahu (15)
Sq=d, * (2 +ev X —ev &) < Sgmin (15)

Hodnota Samin je stanovena jako funkce modulu ozubeni nasledovné:
Tepelné nezpracované ozubeni Samin=0,25*m

Tvrzené ozubeni Samin=0,4*m

Posunuti se standardné vyjadiuje jako nasobek modulu (x*m), kde x predstavuje
soucmitel posunuti (jednotkové posunuti).

10f ehao HH“ [To=20°
O _ ha=1 || kola +Vv
x b2 kola [ (x=>=0)
i ~ | bez -
1 — ~17] |20 I|| | kola N
7 8 10__ 1 =
{ - M*E.E‘I\ 40 z—==50 [} (x=0)
X S~ podrezani
by
.10|—_kola s podfezdnim = (x>Xn) kola -V
) —— >
L (x<xm) (x<0)
| >
/ e
i 1 oSS

mez podfezdni teoretickd (x:xm)f \
mez podfezdn/ praktickd (x=x.)

Obrézek 3 x — z diagramu pro korekce [2]

5.8.1.1 Korekce osové vzdalenosti

Provadi se v ptipadé¢, kdyz valiva osova vzdalenost aw neodpovida teoretické osové
vzdalenosti a. Provadime kontrolu souctové korekce (16)
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Z,+z
Xx = m * (eva,, —ev,) (16)

5.9 Korekce zabérovych poméru

Rozdilné¢ kluzné rychlosti pii odvalovani. Korekce na mérné skluzy se pocita
numericky pomoci vypoctového SW.

5.10 Soucinitel zabéru evolventy ca, €B

Trvale jeden péar zubu v
zabérueg, =1

Trvale dva péary zubu v
zébérue, =2
minimalni hodnota

e, =<11a212>

bézna hodnota

smér pohybu hn Uéﬂ,‘(\ g, =(1az2)
—_—

o
A S A\ v/ -
-\\'A'l-'a‘od MN g& AB

Obrézek 4 schéma souCinitele zabéru [7]

Soucinite] zabéru evolventniho ozubeni je definovan jako pomér useku zabérové primky
AB aroztece pp (0br. 4)

Délku AB mizeme stanovit pomoci (17)
AB =1y, * (tan <, — tan ;) + r,, * (tan <, — tan <) (a7

Plynulost zibéru vyzaduje, aby pied ukoncenim zibéru jednoho paru zubi piesel do
zabéru par nasledujici. V praxi dochédzi tedy k tzv. dvouparovému zabéru, kdy jsou v zab&éru
souCasn¢ dva pary zubl [2]. eqjehoz prakticky vyznam je na obr. 4, je jednim z parametrii pro
hodnoceni zabérovych pomérl. Mezni situace predstavuji €q=1 a g4=2, kdy jsou trvale v zabéru
po celou dobu jeden, piip. dva zuby. Standartni je hodnota e, definovana v intervalu (18) [2]
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1<64<2 (18)

Z (19) vyplyva, Ze zabér ve skuteCnosti bude z castecné jedno 1 dvouparovy, a Ciselnou
hodnotu je mozno ur¢it bud’ ze vztahu (17) a znalosti po, popt. z (19) [2]

g, = ;L [tana, —tana, + z—z * (tana,, — tana,,)] (19)

Hodnota &, je pfimo tmérna po¢tim zubu, a priméru hlavovych kruznic a nepiimo imérna thlu zabéru
na valivé kruznici «,. Podle narokti na plynulost chodu se doporucuje

g, >1,1a21,2 (20)

V piipadé¢ Sikmého ozubeni pocitdme souCmitel zibéru profilu jako primérny pocet
parti zubii v zabéru v ¢elni roviné dany vztahem (21)

1 2 2 2 2 axtga;
g, = x| [re. —rs. + |r°, —71 —— 21
o P*Ccosa <\/ al b1 \/ a2 b2 P: ( )

Déle je nutno spocitat souCinitel zabéru kroku, &g coz je pramérny pocet pard zubt
Vv zabéru po Siice, kde dochazi k prodlouzeni drahy zibéru [8]

__ b.tanf

& = (22)

Cekovy soucinitel zibéru e, je definovan jako soucet £, a €;. Vyjadiuje celkovy
prumérny pocet pard zubti v zabéru [8].

€, = €, T & (23)

5.11 Kroutici moment

Vyjadiuje pusobeni sily na bod vzdaleny od osy otdCeni. Jedna se o pomér
wykonu a Uhlové rychlosti.
P

My, =— (24)

Wq,2
Mk — kroutici moment [Nm!]
P —vykon [W]
o — Uhlova rychlost [rad.s?!]
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5.12 U&innost

U¢mnost je dana pomérem energie odevzdané ku energii dodané.

_P
n=7 (25)

P1 = energie dodana

P2 = energie odevzdana

Pomoci G¢innosti vyjadiujeme tzv. ztratovy vykon, ktery vznika pii provozu
mechanismu. Uginnost do znaéné miry zivisi na kinematickych vazbach a tiecich
pomérech. Dosazenim [2] do [3] a jejich porovnanim s [1] ziskame vztah mezi vstupnim
a vystupnim krouticim momentem [4]:

P. M, w M, 1 .
oMoy _ Mol p, = M, i (26)
Py Mjq @4 My 1

T]=

6 Zakladni rozdéleni prevodovych mechanismu

»Pojem pirevodové mechanismy zahrnuje zafizeni rizné sloZitosti, tvofena sériovym ¢i
paralelnim fazenim jednoduchych pievodu“ [1] Clenéni pievodovych mechanismu provedeme
podle [9], na mechanismy se stuptiovitou a plynulou zménou a jejich dalsi ¢lenéni (Obr. 3)

Stuphova zména

Mechanicky Elektricky
Ozubenym Remenovym Prepdlovani motoru
prevodem prevodem

Plynuld zména

Mechanicky Elektricky Hydraulicky
Variatory Frekvenini ménice Zména odporu
otacek tlakového média

Tabulka 3 — Clenéni prevodovych mechanismi [9]
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6.1 Mechanismys plynulou zménou prevodu

Tyto mechanismy obecné umoziuji zménu prevodového poméru a plynulou regulaci otacek
V daném rozsahu bez skokového fazeni.

6.1.1 Elektricka zména

U asynchronnich elektromotorti lze pomoci regulatoru a frekvenéniho méniCe ziskat plynule
Siroky rozsah pracovnich otacek a regulovat vystupni moment. Frekventni méni¢ se sklada
Z usmériiovace, meziobvodu, stykace a fidictho mikrokontroleru. Usmériiova¢ je piipojen ke
zdroji stiidavého napéti a vytvafi stejnosmérné pulsujici napéti. Meziobvod pfeménuje napéti
usmériiovace na stejnosmérny proud a stiida¢ generuje pozadovanou frekvenci motorového
napéti. [10]. Frekvenéni méni¢ je moZné pouzit 1 pro fizeny rozbch ¢i dobéh bez mechanick ych
raza ve strojich, které disponuji velkou setrvacnosti. Méni€ umoziiuje regulaci bud’to plynulou,
nebo v nastavenych frekvencich (3 6 pevnych frekvenci, de facto stupiiovita zména) [11].

Regulace miize probihat bud’ manualn¢ pomoci ovladactho panelu ¢i dalSich prvkil, popiipadé
dalkkove, ¢iautomaticky na zdkladé zpétné vazby.

Metody regulace zavisi predev§im na pouziti daného motoru. Standartni regulace je regulace
linedrni, ktera je nejjednodussi a nejlépe uplatnitelna. Pouziva se pro aplikace s konstantni
ZAtéZi, napf. posuvy stroji, pojezdy atd.

Dale existuje charakteristika kvadratickd, vektorova charakteristika pro dynamicky naro¢né;jsi
aplikace, pfimd charakteristika, kde je stanovena cilovd hodnota momentu atd [11].

Regulace otacek pomoci frekvencniho meénice se pouZiva u Sirokého spektra strojli, napf.

vrtacek, posuvii na CNC strojich atd.

6.1.2 Mechanicka zména

Plynuld mechanickd zména je provadéna obvykle pomoci tzv. Varidtoru otacek. Mechanicky
variator se vyuziva k plynulé regulaci otacek napf. u menSich soustruhd. Princip variatoru
spoCiva v pienosu otaek a vykonu pies dvojici (piipadné vétsi pocet) kol s proménnym
primérem, popiipade kol kuzelovych, ktera jsou spojena mezi¢lenem, obvykle femenem nebo
lamelovym fetézem.

Dalsi variantou je variator, ktery pomoci pohybu kotoucd k sobé a od sebe reguluje polomér
styku femene a femenice a tim i pfevodovy pomér, viz obr. 8[9]. Reseni se obvykle pouziva
pro pienos nizSich az stfednich vykontl. Varidtor se obvykle pouzivd do prevodu 1:6 a vykonu
do 40kW [9].
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Vstup

Vstupni hridel pripojen
k motoru pfirubovou

P, nl,wl |

Kuzelové kolo na vstupu
Remen

Vodici sané

Kuzelové kolo na vystupu

Howbd e

spojkou s perem

Vystupni hridel pfipojen
ke stroji perem

Obrazek 5 — mechanicky variator s posuvnymi kotouci. [9]

Jan Rozsypal

Mezi whody femenového pievodu patii klidny chod, tlumeni razii a vibraci diky
pruznému femeni, relativné snadna udrzba a nizka hlucnost. Dale femen slouzi ur¢itym
zpusobem jako tfeci spojka, a v piipadé skokové zmény doddvan¢ho vykonu dokaze prokluzem
ochranit pfipojené zafizeni pted poSkozenim.

Zasadni nevyhodou je postupné vytazeni femene v pribéhu pouzivani a jeho mozny
prokluz, ktery ptipadné mize generovat statickou elektfinu. Neni proto vhodny pro pouziti
Vv potencidln¢ vybusnych prostiedich, popt. musi byt odvod statické elektiiny zajiStén zvIast'.
[2]. Dalsi nevyhodou, piedevS§im pro posuvové mechanismy u CNC aplikaci, je nepiesnost
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pfenaSenych pohybl. Z hlediska zvySeného namahani hrideli je téZ nutno zminit zvySené
namahani hrideli a lozisek z divodu pfedepnuti femene.

Obrazek 6 — Univerzalni soustruh SPB 700V/230 s variatorem [12]

6.1.3 Hydraulickd zména

Pfenos energie probtha pomoci pracovni kapaliny hnané el cerpadlem, ktera je regulovana
napi objemov€, nebo ventily formou prutokového regulatoru. Jednd se Vv zasadé o
hydrodynamicky pohon, kdy je vyuzivana kinetickd energie proudici kapaliny. Pohony se déli
podle vystupu na rotaéni a linearni. Podle principu a pouziti se liSi momentové charakteristiky
(detailngji k tomu ve [13])

Hydrodynamicky pohon ma v soucasné dobé celou fadu vyuziti, at’ uz pro posuny obrabécich
strojii, posuny nastrojl, svéraky, zvedaky, ramena stavebnich stroju atd. Jeji vyhodou je thumeni
razi a schopnost prenosu velkych sil. Hlavni nevyhodou je niz$i G¢innost oproti mechanick ym
pfevodim a nutnost chlazeni z divodu ohfevu kapaliny.

Obréazek 7 Hydraulicka jednotka kotoucové pily s elektromotorem 1,5 kW, dvojitym
Cerpadlem o celkovém pritoku 10 dm3/min 1 pro pracovni posuv a rychloposuv. Jednotka v
plném osazeni ovlada dva svérdky, podavani materidlu a ptisuv pily do fezu. [14]
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6.2 Mechanismy se stupnovitou zménou prevodu

Jak ndzev napovidd, tyto mechanismy umoznuji skokovou zménu pievodového poméru
pomoci fazeni riznych pirevodovych stupii, piipadé prepdlovani elektromotoru. Dale bude
opét pouzito Clenéni mechanismit podle [9] a tedy kategorie mechanické, které dale délime na
ozubeny a femenovy prevod a konecné elektrické, kam spada ptepolovani motort.

6.2.1 FElektricka zména

U elektromotortt umozituje zména poctu poli skokovou zménu otacek. Pocet stupmii je
standardné¢ 2, vice jen ve vyjimeénych piipadech. [15]. Stupné, po kterych se poly méni,
odpovidaji synchronnim otackam pfi rizném poctu poli. [15]. Stator elektromotoru mize mit
bud’ n¢kolik samostatnych vinuti nebo jedno vinuti ptepinatelné, které reguluje pocet poli. Toto
feSeni umoziiuje pomérné velké pievodové pomery, ale také zasadnim zplisobem zvySuje
hmotnost stroje.  Pfepinatelné vinuti v poméru 1:2 je demonstrovano na Obr. 8, kde je
mazornéno tzv. Dahlanderovo zapojeni [15].

=4

Obrazek 8 — Dahlanderovo zapojeni [15].

6.2.2 Mechanicka zména — femenovy pievod

Princip funkce je zde opét na principu mezClenu, jako ve variant¢ s plynulou zménou
prevodu. V tomto piipadé vSak dochazi ke zméné pievodu pichozenim femene na kola
s pozadovanymi praméry [9]. Material femene zavisi na dané aplikaci. Pro velké obvodové
rychlosti se standardné pouzivaji pasy plastové (PU, PA) z divodu malé hmotnosti a dostatecné
pevnosti. [2]. Nejpevnéjsi variantou jsou pasy ocelové, které je mozno vyuzit pro pievody
S vétsi vzdalenosti os. [2].
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6.2.3 Mechanicka zména — Ozubeny prevod
V souCasnosti  ziejm¢  nejrozSirenéjSi  zplisob  feSeni  pfevodového  mechanismu

Vv primyslovych aplikacich. Pracuji na principu tlakového styku v zibéru péru spoluzabirajicich
Clend, pti cemz dochaz k plsobeni tecnych sil. Jedna se o pfenos piimou vazbou [9], protoze
se zde nenachazi zadny meziclen. Zakladnim ptevodovym prvkem je dvojice spoluzabirajicich
sloZzeny ze soustav n¢kolika dvojic ozubenych kol MuZe se jednat o kola s pfimymi, Sikkmymi,
dvojit¢ Sikmymi, zakiivenymi nebo Sroubovymi zuby. Tvar ozubeni je ve valné vétSin€ aplikaci
evolventni, ale pro zvlastni piipady se vyskytuji i varianty s cykloidnim nebo specidlnim
(Nowikov, smisené) [2].

Ucel dvojice ozubenych kol je dle [2] definovan jako: ,yytvoreni kinematické a silové
vazby mezi relativné blizkymi hrideli pri pozadované transformaci uihlové rychlosti a tocivého
momentu pri co mozna nejvyssi mechanické ucinnosti.

Pravé u¢innost je jednim z optimalnich aspektii ozubeného pievodu, protoze dosahuje
vV optimalnich podminkdch az 98% (pro ¢elni kola, u kuzelovych kol je to 96% a Snekového
prevodu 60-70%). Dalsim pozitivem na 0zubeném pievodu je jeho dlouha Zivotnost a relativné
maté rozméry. Pro aplikace v posuvovych mechanismech, které jsou hlavnim tématem této
prace, je kliCova predev§im pifesnost ptenosu pohybl a pievodu.

Mez hlavni nedostatky patii pfedevSim vyroba ozubeni, ktera je naro¢nd na piesnost a
kvalitni materidly. Ozubené pfevody maji omezenou schopnost tlumeni vibraci, a razl, které
do soukoli vstupuji. Pro omezeni chvéni a vibraci v ozubeni je nutno volit vhodné souCnitele
zabéru. Prehledné rozd€leni vybranych druhli ozubenych prevodi a jejich zdkladni vlastnosti
jsou k dispozici na obr. 9.

Soukoli a ozubeni Osy hridele Rychlosti a Uéinnost Prevodovy pomér |Dalsi vyhody Dalgi nevyhody
zatizeni
Celni vnéjsi s primymi  rovnobézne vysoke nejtasté)i Nejvyssicea  |max 5.6 (a2 10) Mizka cena, Hluénost
Zuby do 20mis 98% snadna vyroba
(ICelni vnejsi se sikmymi  [rovnobezne vysoke do 60m/s |Mime nizsi nez |max 5,6 (az 10) Klidny tichy chod [Axialni sila
zuby inékdy aZ 150  |u pfimych zubl
mi's)
iCelni vnitimi rovnobézné vysoke vysoka mimé [Vysoke (planetové  |MensSi prokiuz (Obtiznéjsi vyroba
pod 98% prevodovky)
Srouboveé mimobézné, Sikmé nizké vysoka mimé  |nizky Libovolny Ghel os [Mutnost GEinné
pod cca 98% mazat
Kuzelove ruznobézne, casto 90° |vysoke vysoka casto 1, spise niZsi, IObtizna vyroba
max 4 az 6
Snekové mimobé&zné, 90° vysoke Mizka 20-90%, |Vysoky, max 60-80 |MoZnost Nutnost GEinné
klesa s prev €. [(kinem. aZ 1000) samosvomosti,  |mazat, chiadit,
malé rozméry, lobtizna wyroba,
tichy lopotfiebeni

Obréazek 9 —Porovnani nejcastéjSich ozubenych pievodi [8]

Vzhledem k zaméfeni této prace se dale budeme veénovat jen ozubeni Celnimu a jeho

aplikaci v predlohovych a planetovych pievodovkach. Pfevodové mechanismy d€lime na dva
z&kladni typy — piredlohové (s pevnou polohou os) a planetové (s proménnou polohou os).
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Kola pfedlohového mechanismu zachovavaji konstantni polohu vic¢i ramu. Planetové

prevodovky jsou specifické tim, Ze alespon jedno prevodové kolo vykonava nejméné dveé
rotace.

6.3 Predlohové pi‘evodovky — s pevnou polohou os

Jak bylo fec¢eno drive, piedlohové mechanismy jsou tvofeny prostym fazenim
pfevodti pii zachovani neménné polohy jejich os. Dochazi zde k postupné transformaci
rotanich pohybii mez jednotlivymi hiideli. Piedpokladame-li uhlové rychlosti vSech kol ve
stejném smyslu, Ize ptevodovy pomér mechanismu uréit nasledovné.

Wy u),21 .0),,,31 _m"41 25 _ 23 2_45 (27)

W51 W3y Wy Wg Z2 Z; Z3 Zg,
Jak wpwa z (27), coz je zapis vypoCtu prevodového poméru
k pfedlohovému mechanismu na obr. 11, Ize dany pomér ur¢it jak z Uhlovych rychlosti na
jednotlivych Clenech, tak i z jejich po¢tu zubt. Obecné Ize fici, Ze pro 1 < ic <8 lze pouzit
jednostupiiovou ptevodovku s valcovymi Koly, (s kuzelovymi koly je mozny pievodovy pomér
niz8i) a pro cca 6 < ic < 60 se pouzivaji dvoustupniové pievodovky (b). Pro vyssi prevodové
pomery (40 < ic <200) zle pouzit tiistupniovou pievodovku.

Iw—l}—ﬂ : i -
'_QLIJ E: 7]
l——

T

[
—
a) _%n b) -

Obrézek 10 — tok vykonu pifevodovkou [2]
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Obrézek 11 Schéma piedlohového mechanismu (wtv. ve FW Linkage)

Pro prumyslové aplikace je v nabidce Siroké spektrum koaxialnich i thlovych piedlohovych
pievodovek jedno i vicestupiiovych, v zavislosti na pozadovaném prevodovém poméru. Razeni
u piedlohovych ptevodovek probihd bud’ pomoci posuvného kola, které je pfimo pfesunuto na
hrideli do zabéru, popt. fazeni pomoci zubové spojky, kdy je kolo s hiideli propojeno spojkou
az ve chvili zafazeni daného pievodu. Razeni posuvnym kolem vyvolavd znatné razy a neni jiz
prili§ vyuzivano. Obvykle jsou kola propojena s hiideli pomoci zubové spojky. Pro omezeni
razu jsou nejprve otacky kola a hiidele sjednoceny synchronizaéni treci spojkou, a az poté dojde
ke spojeni spojkou zubovou.

6.3.1 Harmonicka prevodovka (Strain Wave Gear)

Harmonicka pievodovka je redukéni mechanismus, vynalezeny v r. 1957, ktery m& dnes
Siroké vyuziti Vv robotice a letectvi. Jeho velkou wvyhodou je schopnost poskytnout vysokeé
prevodové pomery az 320:1 a bezviilovy chod. [24]. Harmonickd pievodovka se skladd z tii
hlavnich komponentt. Jedna se o korunové kolo, pruzné kolo a generator vin.
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korunové kolo
N Zrz generatorvin
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pruiné kolo Korunoveé kolo

Obréazek 12 — harmonicka pievodovka [24]

Korunové kolo ma vnitini ozubeni a je pfipevnéno k vystupu z ptevodovky. Pruzné kolo
je vlozeno v korunovém kole a mé z pravidla o dva zuby méné. Pruzné kolo je deformovano
generatorem vin a svym vnéj$im ozubeni je na dvou mistech v zabéru s korunovym kolem, se

kterym kona relativni pohyb. Jednotlivé zuby pruzné¢ho kola maji rizné okamvzité rychlosti
v zavislosti na tvaru generatoru vin. [24]

Kerunové kolo

Pruuzné kolo

Generator vin

Obrézek 13 — schéma harmonické pievodovky [26]

Generator vin je tvofen eliptickym diskem a radidlnim kulickovym
loziskem, které je na néj nasazeno a zformovano do stejného tvaru. Je nutno fici, Ze smysl
otaCeni vstupniho Clenu je opacny nez smysl otdceni Clenu vystupniho.

6.3.1.1 Volba pievodu pii navrhu harmonické pievodovky
Pfevodovy pomér harmonické pievodovky je dan vztahem (28) [24]. Z&porné znaménko u
vysledného poméru podle (28) je dano opa¢nym smyslem otaceni vstupniho a vystupniho Clenu.
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i = Winput _ Pgenerstor vin _ Z flexibilni kolo (28)
Woutput Wgorunové kolo Z flexibilni kolo “Zkorunove kolo

Zivotnost harmonické pievodovky standardné piesahuje 10000 provoznich hodin.
Nevyhodou harmonické pievodovky jsou pomérné vysoké naroky na piesnost vyroby a
netradiéni geometrie zubu. Geometrie zubu neni evolventni, ale je tvofena nékolika radiusy,
které jsou vzajemné propojeny piimkou, jak je patrno z obr. 17.

Obréazek 14 — geometric zubu harmonické pievodovky [25].

6.4 Prevodovkys proménnou polohou os

V této kategori se budu zabyvat jak asi nejrozSifenéjSim zistupcem — planetovou
prevodovkou, tak i ponékud méné tradinimi redukénimi mechanismy, jakymi jsou harmonicka
pievodovka a tzv. Archimédtiv pohon. Jedna se o aplikace vyuzivané napiklad v robotice a
ptesné technice, ale vyhledem K potencialu obou feseni (vysoké prevodové poméry a pienasené

momenty pii velmi maljch rozmérech) povazuji za vhodné je v rdmci teorie alesponl stru¢né
zminit.
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6.4.1 Planetova pievodovka

Planetova pfevodovka je mechanismus, tvoieny centralnim kolem, satelity, ulozenymi
na unaseci a korunovym kolem.

Korunové
kolo

Centralni
kolo

Satelity

Obréazek 15 Schéma planetové pievodovky [4]

Centralni kolo (K) miize byt pohyblivé nebo pevné a jeho osa odpovida centralni ose
prevodu. Mohou mit vnéj§i a/nebo vnitini 0zubeni. UnaSe¢ (U) rotuje okolo centralni osy a na
jeho ramenou jsou osy satelitt. Pocet ramen se pohybuje mezi ak=2 az 6, nej¢astéji vSak ak=3.
Satelity (S) jsou stejnd kola s vnéjsim ozubenim, oto¢né uloZzena na ¢epech ramen unasece.

Planetové pievody s jednoduchymi satelity se nazyvaji jednostupiiové, s dvojitym
sateltem dvojstupiiové atd.

Dvojstupriové prevody umoziiuji rozliné konstrukéni varianty, ale jsou sloZit€j$i a
nakladnéj§i na vyrobu. Hlavni vyhodou planetovych soukoli je schopnost dosaZzeni vysokych
prevodovych poméri pii pomémeé kompaktni konstrukci a malé hmotnosti (az o 50% méné¢,
neZ u piedlohové pievodovky srovnatelnych parametrti). Diky pfenosu to¢ivého momentu pies
vice satelitt mezi hnanym a hnacim ¢lenem dochazi také k menSimu namahani ozubeni.
Centralni kolo ma na vstupu vys$i thlovou rychlost, kterd se nasledné¢ pies satelity a unaSec
redukuje na nizSi vystupni vhlovou rychlost. Diky koncepci planetové pievodovky dochéazi
K rozlozeni zatizeni na vice zubli a planetova ptrevodovka napf. o tfech planetach mize ptenaset
az trojnasobn¢ veétsi kroutici moment, nez piedlohova ptrevodovka podobnych rozméra [22].

Oproti predlohové prevodovce ma planetova pievodovka vyhodu vetsi hustoty
kroutictho momentu (Nm/kg), diky které dokaze pienaset vétsi kroutici moment pii mensich
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rozmérech. V zavislosti na tom, které Cleny pievodovky jsou ulozeny na vngjSich hridelich,
rozeznavame nasledujici typy prevodovek. Déleni pievzato z [2].

1)

2)

3)

4)

Typ K K: na obou wnéjsich hfidelich jsou umisténa korunova kola. UnaSe¢ ma zde
funkci opory sateliti a nepfenasi kroutici moment. Tato konstrukce je schopna pienaset
velké prevodové poméry, ale s niz§i G¢nnosti.

Typ K U: na jednom z wvnéjSich hiideli je uloZzen unaSe¢ (hnacim nebo hnaném) a na
druhém je uloZeno korunové kolo. Jedna se o nejcastéjsi typ konstrukce pievodovky.
Vyznacuji se vysokou ucinnosti a velkymi ptevodovymi pomery.

Typ U S: ptevody s tzv. vedenym pohybem satelitu. Na hnacim hiideli je ulozen unasec.
Spojeni mezi hnanym hridelem a sateltem je realizovano pomoci pfidavného W
mechanismu (obr. 16, f)

SloZzené planetové pievodovky: Vznikaji sériovym zapojenim vice planetovych

pievodl. Celkovy prevodovy pomer je dan souCnem jednotlivych dilcich prevodovych
pomeril.
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Obrézek 16 Schémata jednotlivych typu planetovych pievodovek [2]
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6.4.1.1 Vypocet pievodového poméru u planetovych pievodii

Nejvhodnéj$i metodou pro vypocet pievodového pomeru u planetového prevodu je
ziejmé metoda relativnich uhlovych rychlosti viici unaseci. Princip této metody spociva
v pievodu planetové soustavy na soustavu ptedlohovou, kterou jsme jiz schopni feSit
standartnim postupem, jako (29). Tento pievod je realizovan zastavenim jednoho z hlavnich
Clentt (z pravidla unasece), ¢imz dojde je zméné diferencidlu (n=2) na mechanismus (n=1).
Vychazime z definice, Ze konstantni pievod se nezméni, odecteme-li od vSech uhlovych
rychlosti jednu thlovou rychlost (rychlost zastaveného unaSece). Timto zplUsobem unaSec
mySlené¢ zastavime a vyjadiime rel. Uhlovou rychlost vici unase¢i. Pokud je mechanismus
slozit€j$i, je mozmo jej myslené rozdélit na jednoduché prevody jako na obr. 16 a feSenim
soustavy alg. rovnic ziskat nezndmé uhlové rychlosti.

Princip demonstrujeme na dvou uvedenych piikladech na obr.17

=% g i ! ‘Z)“ —
953 ® - i I (@s,)
g s 5| (w'b"f) _: —— -+
- - | e ™ e Vv
(g3~ Wy ) zy =4 % 7 b
£ 2 1 o
5 @ I © & 'é ol ¥
17 Lemeesom o e
; 2 b &, S el s s
W 7777772 b e -y A28 BE | N leewd § -
—— e T ez T ea | w
(m 3l I 1 (G) =) \“‘ Za Zy &y
Haf Wi y) Z, a4~ Wy 5

Obrazek 17 [6]

Pro variantu a, coZ je soustava s jednoduchym satelitem, zastavime unase¢ 4 a jeho
thlovou rychlost odecteme od zbyvajicich cClent.

o, = 22170 - —_Zs(z_s) — % (29)

W51 —Wyy Zy; \Z3 Zy

U varianty b, kde mame soustavu s dvojitym satelitem, postupujeme nasledovné

i52 _ W31 mW4 ~Z3 (_ Z_S) — z'3zZg (30)

6.4.1.2 Volba pievodu p¥i navrhu planetové pievodovky

Redukéni pomér prevodovky Ize stanovit také vypoctem na zaklad¢é primérii rozte¢nych

kruznic centralniho a korunového kola, nebo podle poétu zubt centralniho a korunového kola
[22] podle (30)
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Redukc‘(nl'pomér — 41 korunove kolo TQicentraini kolo — Z4 korunove kolo tZ1centralni kolo (31)

dlcentralni kolo Z1centralni kolo

Z konstrukénich 1 praktickych davodd je vhodné pii volbé pievodového pomeru
planetové pievodovky dbat nékolika dlleZitych zisad. Nastaveni pfevodového poméru se v
praxi na pfevodovce projevuje zménou pruméru centralniho kola vii¢i korunovému kolu as tim
souvisejici 1 zména priméru satelitd.

3141 51 6:1

S

o
; /
1 |

Obrazek 18 — velikost prliméru centralniho kola pro rizné prevodové poméry. [22]

Jak je patrno z obr. 18, neni mozné volit pfevodovy pomér 2:1, protoze by v tomto piipadé
dosahoval primér centralniho kola priméru kola korunového a nebylo by mozné osadit jej
planetami. Diky tomu jsou k dispozici ptevodové poméry 2—10. Nicméné ani v tomto rozsahu
neni vhodné volit prevodové poméry libovolné. V piipadé opacéného extrému, pievodu 10:1
bude mit centralni kolo velmi maly primér a planety budou vyrazn¢ hmotnéjsi. Nasledkem toho
bude dochazet k zatéZzovani ozubeni na centralnim Kkole, které bude mit sklony k dnavovym
porucham a snizeni Zivotnosti [23].

Jiz zminény velky rozdil mezi priméry korunového a centralniho kola ma za nasledek
pomérné velké priméry planetovych kol, coZz redukuje jejich pocet, kterym je mozno
prevodovku osadit a zhorSuje rozlozeni zatizeni. Jak je patrné z Obr 19, pii ptevodu 10:1 Ize
pievodovku osadit maximalné tfemi satelity, jinak dochazi K interferenci satelitt.[23].

Ratio
10: 1 ;

Obrazek 19 — planetova ptrevodovka s pomérem 10:1 [22]
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V pifpadé poméru 3:1 mize byt pfevodovka osazena vice, nez 5 satelity, coz umoziuje
lepsi rozlozeni sil. [23] Potencialni problémem se miize stat tentokrat maly primér planetovych
kol a jejich potencidlni piehiivani. Idealni j tedy pohybovat se v rozmezi 4:1 az 8:1 pro
jednostupiiové prevodovky. Mensi pomery, v rozsahu 4:1 a 5:1 jsou vhodné pro rychlé zmény
otaCek, reverzi chodu a narazové zatizeni. Vyssi poméry 6:1 az 8:1 se hodi pro dlouhodobé
konstantni zatizeni. [23]. V piipadé pozadavkii na vyssi pfevodovy pomér je vhodné pouzit
Vicestupniové pievodovky, které umoziuji dosahnout pievodového poméru az 200:1.

6.5 Soucastiprevodovky

Obrézek 20 — Schéma dvoustupiiové planetové pievodovky ZF Duoplan [28]

1- Vstupni hiidel 12- spinaé

53- Skiin prevodovky 13- Lozisko vystupni hiidele
6- Centralni kolo 14- LoZisko vystupni hiidele
7- Korunové kolo 13- Vystupni hiidel

8- Lozisko komunového kola 16- Gufero vystupniho hiidele
9- Loziskova skiin 17-Unasgec

10- Brzdowvy kotoud 18- Axialni lozisko

11- spinaci jednotka 19-Posuvna objimka

20- Radici vidlice
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7 Konstrukéni navrh prevodového mechanismu
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Obrézek 21 — Posuvovy mechanismus, soucasné feseni [27]

Soucasné technické feSeni je predlohova pievodovka spevnym pievodem (Obr. 21).
Tato prfevodovka bude nahrazena ptrevodovkou planetovou. Navrh planetové pievodovky je
predmétem nasledujiciho vypoctu. Nejprve bude proveden hruby navrhovy vypocet pro zjiSténi
potiebného stupné pievodového pomeru, nasledné bude vypocet validovan SW KISSsoft a
MITcalc. Nakonec bude provedeno srovnani nového a starého feSeni z hlediska prostoru,
nakladi a celkové efektivity.

7.1 Hruby navrhovy vypocet

Jako podklad pro tento vypocet byl pouzt [27]

Hmoty posuvového mechanismu

mg, = 19000kg deska stolu 3.5 x 3.5
mg;, = 6100kg sané
m, = 50000kg obrobek

Prvotnimi vstupy do vypoctu jsou pozadavky na vystupu kulickového Sroubu, tzn.
Pozadovana rychlost rychloposuvu (25) a maximalni posuvova sila, kterou tvofi posuvova
slozka max. fezné sily (26).
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Vg = 11 m.min -1 (32)
F., =50 kN (33)

Dale podle zadaného zatézovaciho spektra mizeme vyjadiit posuvové sily, plsobici pii
jednotlivych zatizenich.

Fg =[50 33.1 59 40 0 0 —40 —5.9 —331 —50] (34)

Dale mizeme stejnym zpUsobem vyjadiit spektrum posuvovych rychlosti podle [27].

US = [_Usl _USZ - US3 - USZM - USM USM ‘USTM US3 USZ vsl] (35)
Kde vs1,Vs2 aVs3 jsou pozadované pracovni rychlosti posuvového mechanismu.

=1

v = 0.5 m.min (36)
. =1

v, = 0.7 m.min (37)
. —1

Ve; = 0.8 m.min (38)

Na zaklad¢ (28), (29), (30), (31) Ize stanovit spektrum posuvovych rychlosti (39).
vs =[-05 —-07 —08-55 —11 11 55 0.8 0.7 0.5] (39)

Celkova doba béhu je stanovena na (40), lze tedy stejnym zplsobem podle zadané

pomémé doby béhu (41) stanovit jeji spektrum.

T, = 15000 hod (40)

q =[0.07 0.117 0.047 0.027 0.24 0.24 0.027 0.047 0.117 0.7] (41)
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Z u¢innosti kulickového Sroubu (42) a odhadované ucinnosti vstupniho pievodu (43)
vychazi celkova u¢innost (44).

n,s = 0.96 42)
Ny, = 0.98% =0.96 (43)
Nis = Nys Ny = 092 (44)

Volime kulickovy Sroub K100x40 — Steinmayer

Parametry
L,=25m délka kulickového Sroubu
d=0.1m primér kulickového Sroubu
L,=L,+8.d=33m celkova délka sroubu
p = 78507';—“"3 hustota

Nasledn¢ jsou ovéteny hodnoty findlniho pievodu (45) a momentu na vstupu findlniho
Clenu mechanismu (46).
ips =25 =157.1 (45)
M, =F,,.-~. =33157 Nm (46)

2.7 Mg

7|
-

Podle ziskanych hodnot na kulickovém Sroubu lze vyjadiit jednotliva spektra na
kulickovém Sroubu. Spektrum momentt (47) vychazi ze spektra sil (34). Spektrum otacek (48)
vychazi ze spektra rychlosti (35). Ze (48) vybereme poté maximalni otacky kulickového Sroubu
(49).

M, =[331.57 219.5 39.13 26536 0 0 —26536 —39.13 —219.5 — 331.57](47)

n :1%:[_12'5 - 175 —20 —125 —250 250 125 20 17.5 12.5] (48)

r

-1
N,y = 250 min (49)

Nyni bude provedena volba motoru pro pohon posuvového mechanismu podle
pozadovaného vykonu, potiebného k dosazeni max. otacek (49) a max. potiebné posuvové sily

(33).
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Na zaklad¢ fiktivniho vykonu (50) volime motor 1FT7086-5SH7 Siemens

P, = FsM.’;—M = 50000.

1S

1 —996 kW

09260

Jan Rozsypal

(50)

Motor 1FT7086-5SH7 Siemens
¢ Vkon P =118 kW

(max.)

e Jmenovity Mo1 =36 Nm — static
moment
Mrated=25 Nm — rated
* Moment J1=0.0064 kg.m?2
setrvacnosti

Déle z hodnot vyse a jmenovitych otacek motoru (51), parametrit kulickového Sroubu a
vySe uvedenych uCinnosti vychazi celkovy pievod (52) a prevod dany kulickovym Sroubem
(45) a pozadovany vstupni pievod (53), ktery definuyje pozadovany pievod planetové
ptevodovky.

Na zikladé vypoctu (53) volime pozadovany pievod na vstupu 16.

Ny, = 4500
. 2mn; 2.11.4500
i = —Im = = 2570
Usm
. i 2570
i, =2=2"-163
s 157

(51)

(52)

(53)

Na zavér byla provedena kontrola momentu motoru vzhledem k Fsm. Porovnanim
parametric motoru s momentem potiebného k dosazeni Fsm (54) a odpovidajicimi otackami (55)
rychlosti pracovniho posuvu (32) bylo ovéfeno, Zze parametry motoru jsou vhodné pro dany
POSLIV.

— FsM

50000

M = =
FsM :
$ lisM1s 2

ny=Y =9 2570 = 204,51 min "
2.1

2.

rated ~
MFSM S

jm
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6
4500 .204,51 + 36

2
21,25 <

21.25 <355
Vyhovuje

Kontrola posuvového mechanismu z divodu dynamické stability se provadi z divodu
eliminace rizka prekmitl pfi rozjezdech a zastavovani posuvu.

Nize je uvedena redukce hmoty mechanismu (56), (57), (58) a momenty setrva¢nosti
(52), (53), (54) na hiidel 1 a poté porovnani s kritériem dynamické stability (55).

Deska stolu 3.5x 3.5 mg, = 19000kg (56)
Sang mg;, = 6100kg (57)
Obrobek m, = 50000kg (58)
Posouvané hmoty stolu mg = mg, + mg, + my, =75100kg (59)
Moment setrva¢nosti motoru J; =0,0064 kg.m? (60)
Odhad momentu setrva¢nosti vst. ptevodu J,,. = 0,001 kg.m? (61)

Kulickovy Sroub
J..=T & L < _ T &
s o Lppg ‘5

4
Ly.p =m.>-.33.7850 = 0,25 kg.m? (62)

Kulickovy Sroub redukovany na hiidel 1

s 0.25 -
Jirs = {? = 222 = 9,765.10~* kg.m? (63)
Posouvané hmoty redukované na hridel 1
¢ _ 75100
Jims = :'ZL: = oo = 0,011 kg.m? (64)

Posuvovy mechanismus + posuvné skupiny redukované na hiidel 1
jlpos =]1r +]1rs +]1ms =0.012 kg mz (65)

Kritérium dynamické stability
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upz’—ljlﬂz(f;)%ﬂmsz (66)
vyhowuje
Kontrola max zrychlujici sily
Celk. m.:s. na motoru Jie =J1 +Jpos = 0,012 + 0,04 = 0,018 kg. m? (67)

Celk. hm. red. na san& Myogs = J1c-iZs = 0,018.2570% = 1,056.10° kg.m?

(68)
Zrychleni a, = 0,25 Sﬂz (69)
Zrychl. sila F,, = M, 4 a; = 1,056.10°.0,25 = 26,4 kN (70)

F, <15.My.i .1, => 26400 < 12677

Vyhowje

Spektrum zatizeni na hiideli motoru vychazi ze spektra zatizeni kulickového Sroubu (47), (48)
MT

P =[21,58 14,29 254 1727 0 0 —17.27 — 2,54 — 14,29 — 21,58](71)
ir-iir

n, =n,.i;, =[—200 —280 —320 — 2000 —4000 4000 2000 320 280 200](72)

Referencni parametry spektra

M,, = 21,58 Nm

(73)
n,, = 200min (74)
T, = 15000 hod (75)

Parametry (73), (74), (75) jsou vstupem do SW KISSsoft, kde je proveden detailni navrh
ptevodovky

Podle pozadovaného pievodu na vstupu (53) je patrné, Zze idealni bude dvoustupnova
prevodovka.
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1. Stupen I, =4
2. Stupet i,, =-L =4
liz

7.2 Vypocet v Kissoftu

Kontrola klicovych parametri pfevodovky byla provedena v SW KISSsys a jeho
nastavbé KISSsoft. KISSsys je program, umoziyjici navrzeni ptevodového mechanismu na
zaklad¢ vstupnich parametri a jeho naslednou optimalizaci na zdklad€ vystupu z vypocti podle
pozadavki zivotnosti, zatizeni atd. Technické feSeni dvoustupnové pievodovky bylo provedeno
pomoci typizovaného programu Stage 2. Prostfedi programu je patrné z obr. 22.

8 X

YU @PRIDD O 69O s mons KISSsOFE
& x

[3 wpovew  Dagam

Exvas vndow e
T8 3 %2 B EEIENT ¢

S
29 O
5 % [ wspecron  [rnetsrycesrcaioiason [ Forced resporse_renits_table

B 08 o =b @8 3¢ m & & & [
<

T
i

$ © 00058 0@

Schématicky
model projektu

W e

Diagram
navrhu

< >
hhRBALL AL Bh M MG 9 PN e $+ahonnm @

Obréazek 22 prostredi programu KISSsys

Na vstupu byly zadany parametry maximalniho momentu v ramci zat€Zovaciho spektra
a odpovidajicich otacek (Obr. 23). Po zadani vstupnich parametri mizeme v poloZce stromu
stage 2 vidét parametry na vystupu pievodovky (Obr. 24).
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[3 Select element for Boundaryd

Element:

Speed constrained:
Speed:

Torgue constrained:
Power fTorgue input:
Torgue:

Power:

<~ Stage1.5haftl.cIn
Yes
-
Yes
Torgue with sign

21,5800 | Nm

0.4520 | kw

Cancel

Obréazek 23 hodnoty na vstupu ptevodovky

o

et

Element:

Speed constrained:
Speed:

Torgue constrained:
PowerTorgue input:
Torgue:

Power:

m Select element for Boundary2

. Stage2, Carrier. Coupling
Mo
e
Mo
Torgue with sign

-350.6620 | Nm

0.4803 | kw

K Cancel

H

e

E

Obrazek 24 hodnoty na vystupu pievodovky

Jan Rozsypal

V polozce Calcstage ve strom¢ Ize nasledné provést vypocet konkrétntho ozubeni
(nejprve pro jeden a pak pro druhy stupen. Pro vypocet Ize nastavit detaini parametry ozubeni,
jak je patrné z obr. 17, véetné popisu vyroby, toleranci, zivotnosti, mazani, materiali atd.

Pomoci funkce fine sizing Ilze vygenerovat mnozstvi pfipustnych feSeni v ramci
nastavenych toleranci, ze kterych lze vybrat pozadované. V okné report se nasledné zobrazi i
vysledné bezpecnosti dané¢ho feSeni. Bezpecnosti lze v programu nastavit dle pozadavkl. Pro
tento projekt byly nastaveny v ramci typizovaného programu. (tab. ). ReSeni se nasledné

promitne do navrhu.
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Bezpecnost v ohybu (root safety) 1,4
Bezpecnost v dotyku (flank safety) 1
Bezpecnost prti zadirani (Scuffing) 1,8
Bezpec€nost trvanlivosti povrchu Pitting 2
Bezpecnost proti unavovému lomu (flank fracture) 1,2

Tabulka 4 - Nastaveni bezpecnosti

~ KISSsoft

Fce Fine sizing

04 15046 220

Rests paskc caadater) 5 X essages 5 x

Resuts (specd caladatin)  Mesmages  Informaton  Graphs st

Obrazek 25 Volba ozubeni dle zadanych parametra

Jiz na zdkladé hrubého navrhu se jevilo jako vhodné rozdélt celkovy prevod
rovnomérné mezi oba stupné. Na prvni stupen bylo zvoleno ozubeni, jehoz parametry jsou
patrné z obr. 26. Pfevod na prvnim stupni je 4,1. Natab.5 jsou zobrazeny bezpecnosti zvoleného
ozubeni, které pozadovanym bezpeCnostem vyhovuje.
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System data
Normal module M 12500 | mm | 5un helix right hand ~ 1
Normal pressure andle o w.0000] =[5 Helx angle at reference circe B 20.0000| = [
Conterdstance @ 23.0000 | mm | Number of plancts
Geometry
Sun Planets Internal gear Details....
Number of testh z [ ]| 15[ B
Facenidth b[  i6oooo|[ 170000 |[ 10000 mm [
Profie shift cosfficent  x | 0.4750] | i ] | =]
Quality (150 1328:1995) Q | 3l s 5]
Material and lubrication
Sun Case-hardening steel v 18CrliMa7-6, case-hardened, IS0 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28 v [*
Planets |Case-hardening steel v 18CrHiMo7-6, case-hardened, 150 5336-5 Figure /10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28 “|[#
Internal gear |Case-hardening steel v 18CrliMo7 6, case-hardened, IS0 5336-5 Figure 9/10 (MQ), Core hardness »=25HRC Jominy J=12mm <HAC28 v [*
Lubrication |0l bath lubrication v 4] [oi: 1506 220 v [« =

Obrézek 26 - parametry zvoleného ozubeni prvniho stupné

Centralni kolo |Planety |Korunové kolo
Bezpecnost v ohybu (root safety) 3,904 1,819 3,998
Bezpecnost v dotyku (flank
safety) 1,165 1,203 1,287

Centralni kolo - planety

Planety - korunoveé kolo

Bezpecnost prti zadirani
(Scuffing)

4,047

4,317

Tabulka 5 - Bezpecnosti zvoleného ozubeni na prvnim stupni

Daéle je nutné nastavit stejnym zptisobem volbu ozubeni na druném stupni (CalcStage,
tentokrat ve slozce stromu Stage2). Postup je zcela analogicky. Proto zde uvedeme jen vystupy
bez daliiho komentare. Pievodovy pomér druhého stupné je 3,9. Jak je patrné z tab. 6, i zde

parametry vyhovuji poZadované bezpecnosti.

713 R E D E
x Basic data =5 Reference profile = Manufacturing = Tolerances Modifications
System data
Normal module Mo 1.7500 | mm | Sun helix right hand v
Normal pressure angle o, [ 20.0000 | > Helix angle at reference cirde B [ 20.0000 | [&
Center distance a [ ﬂ‘ mm | Number of planets 3
Geometry
Sun Planets Internal gear Detais....
Number of teeth z 17|| 15| | ~497‘
Facewidth b[  20.0000] 19.0000| [ 20,0000 mm [
Profile shift coefficent x } 0.1666 | ‘ -.‘ »
Quality (SO 1328:1995) Q | 6l 6] 6]
Material and lubrication
Sun Case-hardening steel v 18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28
Planets Case-hardening steel v 18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28
Internal gear Case-hardening steel v 18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC238
Lubrication | Oil bath lubrication v Qil: ISO-VG 220

Obréazek 27 - parametry zvoleného ozubeni druhého stupné
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Centralni kolo | Planety Korunové kolo
Bezpecnost v ohybu (root safety) 3,139 2,303 3,783
Bezpecnost v dotyku (flank safety) 1,043 1,095 1,45
Centrdlni kolo - planety | Planety - korunové kolo
Bezpecnost prti zadirani (Scuffing) 3,88 4,527

Tabulka 6 - Bezpecnosti soukoli na druhém stupni

Pokud je zadouci pocitat zatizeni a zivotnost prevodovky v ramci zatéZzovaciho spektra,
je mozné toto bud'to nacist napf. z Excelu, nebo ruéné¢ zadat v zalozce stromu LoadSpectrum
(Obr. 28). Do spektra se zadaji i otdcky a piislusné momenty. Nasledné Ize provést vypocet
bud'to pro jeden stupen (napf. pro nejvetsi zatizeni) nebo pro kompletni zaté¢Zovaci spektrum.

u LoadSpectrum u FlanetaryGearCalculation 7:! Forcec
. oo A Rk Speed
1 . 0.07 1 1
2 0.117 0.66 1.4
3 0.046 0.12 1.6
4 0.027 0.83 10
5 0.24 0 20
[ 0.24 0 -20
7 0.027 -0.83 -10
8 0.048 -0.12 -1.6
9 0.117 -0.66 -1.4
10 0.07 1 1

Obrézek 28 Zatézovaci spektrum

Nasledné je tfeba v zilozce Planetcalc provést vypocet na hfidelich planetovych kol
Zasadni je zde volba a kontrola loZiska na zatizeni a v ramci pozadované Zivotnosti a kontrola
samotné hiidele.

11.0000 | mm

itinternal ring)

o o
SN UIRRRRS 1A RRRR: €}
B Qrer contow

o o

b -
™ Inner cortour . [ 50000 mm
/ I Bearngdesrance | Stiffness/damping  Lubrication  Thermally safe operating
===l Bearing earance DIN 620: 1583 Co
Tolerance not considered
1 Offset external ring in X-direction
Offset external ring in Y-direction

Pretension force in Y-directon

"
v

Offsetexternal ring in Z-directon

Outer ring tiling around X-axis

20

= o 3
E

0&_ i fal Bearng

Outer ring tilting around Z-axis

Obréazek 29 StageCalc prvniho stupné pievodovky
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Podle vysledki vypoctu na obr. 29 je zvolené lozisko INA HK1015 (10x14x15)
whowyjici z hlediska Zivotnosti i zatizeni, Stejné jako hiidel z hlediska pruhybu. Pramér
hiidele je 10mm pii délce 22mm. Detailni analyza zatizeni je souCasti vypoCtové zpravy, viz
piiloha ¢.1.

Maximalni prihyb 21,13 um
Maximalni napéti 57,9 N/mm?
Zivotnost loZiska 25592 h
Statickd bezpecnost loziska 6,75

Tabulka 7 - Vysledné hodnoty zatizeni planctového uloZeni na prvnim stupni pievodovky

Stejnym zplisobem byla opét provedena analyza uloZeni planetovych kol na druhém
stupni. Zde bylo z divodu vyssiho zatizeni zvoleno vétsi jehlové lozisko INA NK 12/16-XL
(12x19x16). Rozmery hridele byly tentokrat nastaveny na pramér 12mm a délku 28mm.
Hodnoty prthybu hridele 1 tentokrat vyhovuji. Pokud jde o zivotnost loZiska, ukazuje zde sice
vypocet ,jen 9943 h. Nicméné vypocet je provadén pii maximdlnim zatizeni. Pii prepocitani
na plném spektru bude Zivotnost i tentokrat vyhovovat, protoze béh v plném zatizeni je mnohem
kratsi.(viz tab. 8b a obr. 30).

Maximalni prihyb 37,50 um
Maximalni napéti 125,74
Zivotnost loziska 9943,77 h
Staticka bezpec€nost loZiska 17,04

Tabulka 8a - Vysledné hodnoty zatizeni planetového uloZeni na druhém stupni prevodovky

Rozloze[n spektra_ na Svotnost Statuv:ka Ex Fy Ey
druhém stupni bezpecnost

Bin 1 9944 2,852 -287,9 0| 3846,9
Bin 2 28377 4,321 -190 0| 2538,9
Bin 3 1000000 23,761 -34,5 0| 4616
Bin 4 1851 3,436 -238,9 0| 31929
Bin 5 1000000 9999,99 0 0 0
Bin 6 1000000 9999,99 0 0 0
Bin 7 1851 3,436 -239 0[-3192,9
Bin 8 1000000 23,761 -34,5 0| -461,6
Bin 9 28377 4,321 -190 0(-2538,9
Bin 10 9944 2,852 -287,9 0|-3846,9
Vysledek se zatéZovacim

Sg SKtrem 19410 2,852

Tabulka 8b - Vysledné hodnoty zatizeni planetového ulozeni na druhém stupni prevodovky
po piepoctu na plném spektru
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Frequency
0.07
0117
0.046
0.027
0.24
0.24
0.027
0.046
0117
0.07

Haours

1

1050
1755
690
405
3600 C
3600 C
405
690
1755
1050

Jan Rozsypal

Obrazek 30 - Rozlozeni doby béhu mezi jednotliva spektra

Dalsim krokem je nastaveni polohy loZisek a dimenzovani hrideli pfevodovky. Toto se
provadi v zalozce StageCalc ve stromé programu. Zde je nutné zvolit typ a polohu lozisek a
nadimenzovat hiidele. V pfislusné zilozce se také dopni pozadovana zivotnost hrideli

3D Viewer

Basic data

]

Shaft strength

=15 e (4] [=]] (22 8

8 x

o i
= ! —}3% 36—]' Inner contour
== o =
""""""""" = Q
. | —
1 L
LN
m‘ v v
o i b (R
> 571 1.5 7425726 . .
- - —= Bearing
,,,,,,,,,,,,,,,,,,,,,,,,,, | | ]

Label ¥ [rom]

118,0000
115.0000
3 AP shafti 0.0000

90,0000

Pozadované bezpecnosti vii¢i tmaveé a statickému zatizeni jsou rovny 1,2 (tab. 9)

Staticka bezpe€nost (Smin Static)

1,2

Unavova bezpeénost (Smin fatigue)

1,2

Tabulka 9 - pozadované bezpe¢nosti na hiideli

Operating temperat Speed [1/min)

20,0000

20,0000

20,0000

20,0000

Pro kontrolu Zvotnosti a zatizeni hiidele je mozné nastavit v zalozce basic data, aby
program bral v Gvahu jen jeden stupen spektra (v tomto pifpadé stupenn spektra S nejvét$im
momentem), nebo kompletni spektrum. Na hfideli v prvnim stupni byla zvolena dvé loziska
SKF 61809. Jak je patrné z tab. 10, obé loziska Zivotnosti i zatizenim vyhowvuji.
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Hfidel 1.stupen

Maximalni prihyb Oum
Maximalni napéti 49,79 N/mm?
LozZiska
Zivotnost loZiska 1 28929,52 h | Zivotnost loZiska 3 1000000+
Staticka bezpeénost loziska 17,57 | Staticka bezpe€nost loziska 28929

Tabulka 10 Vysledné hodnoty na hiideli prvniho stupné
Opét byl analogicky proveden vypocet zatizeni hiidele druhého stupné pievodovky.
e
_% I
LE
- o
/ ! ;
= I8
aring
e and sunnort svmbol size .
Obréazek 32 vypocet hiidele a loZiska pievodovky na druhém stupni
Vysledné hodnoty jsou vyhowyjici.
Hridel 2.stupen
Maximalni prihyb Oum
Maximalni napéti 51,74 N/mm?2
LoZiska
Zivotnost loZiska 1 100000+ h
Staticka bezpecnost loziska 9999,9

Tabulka 11 - Vysledné hodnoty na hiideli druhého stupné

Detailni rozbor a podrobnosti jsou soucasti ptilohy ¢. 1. U lozisek je z vysledki patrné,
7e jejich zivotnost nedosahuje 15000 hodin ve vSech stupnich zatizeni. Je tfeba vzt v Gvahu, Ze
Vv nejtézsich spektrech, kde je zivotnost nejmensi, se bude loZzisko nachazet jen pomémé kratkou
dobu, takze celkova Zivotnost bude dodrZena. Nicméné je tieba tento fakt mit na pamcti a
Zkontrolovat, zda opravdu neni zivotnost loZiska v n€kterém stupni piekrocena. VSechny

vysledné bezpecnosti jsou uvedeny v priloze €. 1.
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7.3 Ovéreni vypoctené geometrie ozubeni

Jan Rozsypal

Pro ovéfeni spravnosti vypoc¢tu v SW KISSsoft byla provedena rychla validace jednoho
ze soukoli manudlnim vypoctem. Bylo vybrano soukoli v prvnim stupni pifevodovky mezi
centralnim kolem (gear 1) a planetovym kolem (gear 2).

m, = 1.25mm

z, = 17mm
z, = 16mm
a=23mm
a = 20°
B =20°
x, = 0,475mm
x, = 0,4836mm
tana
a, = arctan( ) = 21,17°
cosf
Gear 1
Lead height (mm) [pz] 195.190
Axial pitch (mm) [px] 11.482
Profile shift coefficient [x] 0.4750
Tooth thickness, arc, in module [sn*] 1.9166
Tip alteration (mm)} [k*mn] -0.147
Reference diameter (mm) [d] 22.614
Base diameter (mm) [db] 21.087
Tip diameter (mm) [dal] 26.007
(mm) [da.eli] 26.007/ 25.986
Tip diameter allowances (mm) [Ada.e/i] 0.000/ -0.021
Tip form diameter (mm) [dFa] 26.007
(mm) [dFa.efi] 26.007/ 25.986
Root diameter (mm) [df] 20.676
Generating Profile shift coefficient [xE.efi] 0.4157/ 0.3827
Generated root diameter with xE (mm) [df.efi] 20.528/ 20.445
Root form diameter (mm) [dFf] 21.569
(mm) [dFf.efi] 21487/ 21.444
Internal toothing: Calculation dFf with pinion type cutter (z0=
25 , x0=0.000 )
Involute length (mm) [I_dFa-l_dFf] 2.503
Addendum, m,(hge"+x+k) (mm) [ha] 1.697
(mm) [ha.efi] 1.687/ 1.686
Dedendum (mm) [hf=mn*{hfP*-x] 0.969
(mm) [hf.efi] 1.043/ 1.084
Tooth height (mm) [h] 2.665
Virtual gear  no. of teeth [zn] 20.175
Mormal tooth thickness at tip circle (mm) [san] 0.814
(mm) [san.&fi] 0.766/ 0.719
Normal tooth thickness at tip form circle (mm) [sFan] 0.814
(mm) [sFan.efi] 0.766/ 0.719
Mormal space width at root circle (mm) [efn] 0.000
(mm) [efn.efi] 0.000/ 0.000

Obréazek 33 vypocitané parametry centralniho kola gear 1
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m.z,
d, = = 22,614mm
cosf
d,, =d,.cosa, = 21,09mm
dey =dy —2.hp + 2.m.x; = 20,676mm
d,+d
a,, ={[Q]}*2+2=23
dy, =2 > “ | = 26,007
a1l — 4 aW—T—m.ca = , mm
Gear 2 Gear 2
Lead height (mm) [pz] 183.708
Axial pitch (mm) [px] 11.482
Profile shift coefficient [x] 0.4836
Tooth thickness, arc, in module [sn*] 1.9228
Tip alteration (mm) [k*mn] -0.147
Reference diameter (mm) [d] 21.284
Base diameter (mm) [db] 19.847
Tip diameter (mm) |da] 24.699
(mm) [da.efi] 24.699 / 24.678
Tip diameter allowances (mm) [Ada.e/i] 0.000/ -0.021
Tip form diameter (mm) [dFa] 24.699
(mm) [dFaeli]  24.699/ 24.678
Root diameter (mm) [df] 19.368
Sum of profile shift coefficients [Zxi] 0.9586
Obrézek 34 vypocitané parametry centralniho planetového kola gear 2 a souctova korekce
soukoli
m.z,
d, = = 21,284mm
cosf

d,, = d,.cosa, = 19,85mm

de, = dy, —2.he + 2.m.x, = 19,368mm

dor = 2.(a,, —

dfl

2

—m.c,) = 24,699mm
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KISSsoft Kontrolni vypocet
d: 22,614 mm 22,614 mm
d> 21,284 mm 21,284 mm
Oo1 21,087 mm 21,09 mm
b2 19,847 mm 19,85 mm
di1 20,676 mm 20,676 mm
dr2 19,368 mm 19.368 mm
Jaz 26,007 mm 26,007 mm
da2 24,699 mm 24,699 mm

Tabulka 12 porovnani vystupi z KISSsoftu a manualniho vypoctu

7.4 Motor

Jan Rozsypal

Jak bylo zminéno vyse, pro aplikaci byl zvolen motor 1FT7086-5SH7. Detailni parametry

motoru jsou uvedeny Vv piiloze ¢. 4.

Obrazek 35 — motor 1FT7086-5SH7

7.5 Kontrola tésného pera

Z tab. 13 bylo na zakladé (76) vybrano pero 8e7 x 7 x 40 CSN 02 2562.

d = 28mm

vstup
Efektivni délka pera
lgy=1—b=40—-8=32mm
Efektivni vySka pera
hg =h—2.a=7-14=5,6mm
Kontrola na mémy tlak ve styku pera
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My
Qniidele. 35
= 2 — 0.024 _
P = Rst = 0.0056 =16,27 MPa
Cef'nper'T'lst 1.1.T_ ,032

Pro CSN 11 600 plati nasledujici dovolené hodnoty:

G = 0,6.,,=0,6.600=360 MPa

P =%.o,2=%.0,2=28.8Mpa

dO'Upoh 2,5

P < Pyoy

Pero vyhovuje

Tabulka 13 - tésna pera

60

GmE g
/ﬁ é | i %/
SUONSNN
—1 >
b P
Hikdel | dira Pero - Drdka
Promér O SMka  Vyika v hiideli v ndboji
ptos | do | b | b | ¢ dchyly |t ichyty | bPO | R
6 8 2 2 1.1 | +01 0 09 | +02 | +01 2 0.2
] 10 3 3 1.7 | +01 0 13 | +02 | +01 3 02
10 12 4 4 24 | +01 0 16 | +02 | +01 4 04
12 17 5 5 29 | 041 0 21 | +02 | +01 5 04
17 2 [ ] 35 |+02| 0 25 | +02 | +01 6 04
2 30 8 7 41 | +02 | 0 29 | +02 | 01 8 04
30 k] 10 8 47 | +02 0 33 | +04 | +02 10 04
38 44 12 ] 49 | +02 0 31 | +04 | +02 12 06
44 50 14 9 55 | +02 0 35 | +04 | +02 14 08
50 58 16 10 62 | +02 0 38 | +04 | +02 16 08
58 65 18 1 68 | +02 0 42 | +04 | +02 18 086
65 75 20 12 74 | +02 0 46 | +04 | #02 20 086
75 85 22 14 85 | +02 0 55 | +04 | +02 2 06
B85 95 25 14 87 | +02 0 53 | +04 | +02 25 1
95 110 28 16 99 | +02 0 61 | +04 | +02 28 1
110 130 32 18 11 | =03 0 69 | +04 | +02 32 1
130 150 3 20 123 | +03 0 7.7 | +04 | +02 36 1
150 170 40 2 135 | +03 0 85 | +04 | +02 40 1
170 200 45 % 153 | +03 0 97 | +06 | +03 45 16
200 220 50 28 170 | +03 | 0 110 | +06 | +03 50 16
20 260 5 2 193 | +03] 0 127 | +06 | +03 56 16
260 290 83 2 196 | +03 | 0 124 | +06 | +03 | 63 16
200 0| 70 3% | 20 |+03] 0 140 [ +06 | +03 | 70 25
330 380 80 40 48 | +03 ] 0 154 | +06 | +03 80 25
380 440 90 45 215 | +03 | 0 175 | +06 | +03 | 90 25

Jan Rozsypal
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7.6 Kontrola drazkovani na hiideli mezi prvnim a druhym stupném

= ;
D + Evolventni drazkovani

8.0 ¥ Parametry spoje, nivrh rozméré
81 Parametry spoje
8_2‘ Drazkavani |F-. — ANSIB92.1- 30", Ploché draZka, Stfedénina boky -

8.9 Koeficent rozlofeni zatifeni K. 0.75 |
a4 Celkovy provozni koeficient Ks 2.00 ] i

a8 Automatickp navrh spoje é\n | q%
8.8 Fitr pro navrh drazkovani Kompletni fadz « | - —| = =-1Bg— _(Z e g_
8.?‘ Vysledky ndvrhu tidit die Wit primér E’L)\J\‘S

8.8 O Maximalni délka ndboje L o 30.000 [mm] |

8.9 Startndvrhu Automaticky navrh L

80 [ID. WP n D, D. L. L s s

| 6.] 240| 20] 088 O78| 043] 050] 219 196 -

8.11‘ Rozméry spoje

812 Min. prémér hiidele Dyemin 18.4 fmm]

8_‘]3? Drazkovani 0906-32x28 *

8.1 Rozted /Pofet zubd P/n 32 28 [1/in]

8.5 Roztedny [ zakladni primér D/D,| 2223 19,25 [mm]

816 Imenovity pr posunuti  Dd / xm [mm]

817 Priméry vnéjsho drazkovani D./D,| 23.02 2115 [mm]

8.8 Préméry vnitrniho drazkovani D;fD.| 2143 23.3 [mm]

819 Tloustka zubu / &itka drdzky t, /s, 1.25 1.25 [mm]

8.20 Obved. roztet [ tvarova vile plce 299 0.05 [mm]

827 Min. funkéni délka draskovani e 14.6 [mm]

8.22 zvolend délka drazkovani L| 20000 [ | m O

9.0 @ _Pevnostni kontroly spoje
9.1 Kontrola hiidele na krut 35 Kontrola otlageni na bocich drazkovani

9.2 Dovolené napét v krutu To 200 [MPa] 9.6 Dovoleny tak Fo a0 [MPa]
9.3 Srovnavad napét i 76.7 [MPa] 9.7 Srovnavad tiak p 38.5 [MPa]
9.4 Bezpednost %61 9.8 Bezpefnost 2.34

Obrazek 36 — vypocet drazkovani mezi prvnim a druhym stup?lém

7.7 Kontrola spojky na vystupnim hrideli

Pro piipojeni vystupniho hiidele pievodovky s obrabécim strojem byla vybrana pevna
spojka. (Obr. 37). Maximalni pfenaseny moment je dle vyrobce (81), coZ postacuje pro pienos
maximalniho spocitaného momentu na vystupu (Mmax =90 Nm)

M, yop = 1670 Nm (81)

Obréazek 37 pevna spojka na vystupu z prevodovky (www.ameco.cz)
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7.8 Kontrola Sroubovych spoji

Byla provedena kontrola nejvice zatizeného spoje Obr. 38. Nejprve byl proveden vypocet
pomoci SW KISSsys a poté jesté manualni piepocet.

Obrézek 38 kontrolované Sroubové spoje

Vstupni hodnoty byly odvozeny od vystupu z ptedchoziho vypoctu z KISSsys (Obr. 39)
Vzhledem k tomu, Ze Sroubové spoje na prvnim stupni jsou feSeny naprosto identicky a zatizeni
jsou tam mensi, staci spocitat jen spoje vyzna¢ené na obr. 38.

Axial force (N) [Fa] 2316
Axial force (N) [Fa] 2316 | 2316
Axial force (N) [Fa] 2316
Total axial force (N) [Fatot=Fa* 3 ] 694.7 694.7
Radial force (N) [Fr] 311.249 163.752
Circumferential speed reference circle (m/s) [v] 0.18 {Planet)
-——- Gear 1 -——-—- Gear 2 -———-- Gear 3 -
Mominal circum. force at pitch circle (N) [Ft] 1901.731 1901.731
Axial force (N) [Fa] 692.2 692.2 692.2
Total axial force (N) [Fatot=Fa* 3 | 2076.5 2076.5
Radial force (N) [Fr] 736.596 736.596
Nermal force (N) [Fnorm] 2153.7 2153.7 2153.7

Obrazek 39 Zatizeni na prvnim (vyse) a druhém stupni
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Number of bolts

Bolt pitch diameter D 141,0000 | mm

Shearing force Fa 00,0000 | N

Clamping farce for sealing Fie 4500.0000 | N

Bolt data

Bolt type Hexagon cap screw with flange, strong series, form F DINEN 1665:1998
oo daneter .

Bolt length | 35.0000 | mm

Strength dass 8.8 ~ || Define...

Type of bolting

O slind hole Define...
@ Nut Defire..
[ Length of engagement Define...

tesults (basic calculation)
Forces and torques

Required preload (N) [FMminY/ [Fimax]
Required tightening torque (Nm) [/ [Mmas]
Altained preload (N} [FMalf [FM]
Aftained tightening tarque (Nm) [MA_FAia)) [MA_FH]

Safeties with maximal attained preload

Yieid point [Sapir]
Pressure IS¢l
Fatigue failure [zl

Safeties with minimal attained preload
Sliding [sal
Shearing [EA]

Surface roughness of thread

Surface roughness of head support |N8 Rz=18 (Miling)

Washer

under bolt head

under nut

Extension sleeves without external forces

[ under bolt head

[] under nut
23448 [ 421547
204 4 327
41724 1 TI759
358 573

117

192

4192

364

4817

N8 Rz=16 (Miing)

Define...

Define...

Define...

Define...

Jan Rozsypal

Axial force (minjmax) Fa

"
-
Bending moment Ms Nm

"

Torque Mr

Coefficient of friction between parts

Tightering technique
Torque wrench (by estimating the coeffident of friction) (VDI2230: 1988)
Minimum

Tightening factor ~ ax

1.6000

Obrazek 40 nastavené parametry v SW KISSsoft
Vysledné hodnoty bezpeénosti vyhovuji. (Obr. 41)

Summary:

The yield point must not be exceeded.

Calculation with the maximum required assembly preload with tightening factor:

Safety against yield point
Safety against fatigue
Safety against pressure

[SF]
[SD]
[SF]

1.60
2.37

41.92
3.91

Obrézek 41 vysledné hodnoty z vypoctu v KISSsoft

Rucni prepocet byl proveden na axialni zatizeni, proti posuvu a proti protlaceni hlavy
Sroubu. Pomoci hodnoty axidlni sily (82), koeficientu odlehnuti (83) a bezpecnosti proti posuvu
(84) byla spocitana potiebna predepinaci sila ve Sroubu (85) a touto byl zkontrolovan Sroub na
tah (86) a na protlaceni (87). Ve spoji je kruhové rozmisténych 6 Sroubti M5x35 ISO 4014

F, =2100 N
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k=2 (84)

Foxsr = == 1,4 = 490 N (85)
K=%=%=Z—>%’"=758,3N (86)

F.oiker =490 +758,3 = 12483 N (87)

Kontrola na axialni namahani

Napétive Sroubu 70,639 MPa
(k) koeficient bezpecnosti 1,812

Kontrola na protlaceni hlavy Sroubu
Max dovolenasila 39,81 kN
(k) koeficient bezpecnosti 31,899

Tabulka 14 - Kontrola na protlaceni hlavy Sroubu

I zde tedy Srouby vyhovuji.

7.9 Mazani prevodovky

Dle pokynu zadavatele je mazani pievodovky zajisténo brodénim v olejové lazni. Jako
mazadlo byl navrzen olej pro pfevodovky VG 220. Podle citovanych prament je pro rychlosti
do 8 m.s't vhodné mazani rozstitkem a pro rychlosti pod 3 m.s™ je vhodné mazani brodénim.
Aby byl zajistén rozstiik maziva a zarovenn nedochazelo k piiliSnym hydrodynamickym
ztrdtdm, kola by méla byt ponofena do lazné z 1/3 az 1/6 praméru. [30]. Tyto dvé podminky
budou v konstrukénim navrhu zohlednény. Otacky unaseC¢ti obou stupnid pievodovky jsou
patrné z Obr. 57.
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Otacky min

1.Stupen |* 2.Stupenn | Otacky min™

Bin 1 49,28 (Bin 1 12,69
Bin 2 68,99 Bin 2 17,77
Bin 3 78,84 |Bin 3 20,31
Bin 4 492,75|Bin 4 126,92
Bin 5 985,51 |Bin 5 253,84
Bin 6 985,51 |Bin 6 253,84
Bin 7 492,75|Bin 7 126,92
Bin 8 78,84 |Bin 8 20,31
Bin 9 68,99 Bin 9 17,77
Bin 10 49,28 [Bin 10 12,69

Tabulka 15 - Otacky unasect prevodovky

Max. Otacky (80) budou pouzity pro kontrolni vypocet.

— 9857 min (80)

nlmax

Dale pomoci priméru unasece (81) dopocitame obvodovou rychlost (82)

dlcarrier = 74mm (81)
Vopy = Z:—Oﬂ.—dl“‘z”i"r =3,81ms™! (82)

Vsechny ostatni obvodové rychlosti v pfevodovce budou nizsi, obvodova rychlost tedy
nepfesahuje maximalni doporucenou rychlost, kdy by dochazelo k hydrodynamickym ztratam.

7.10 Skrin prevodovky

Z divodu pozadavku uspory hmotnosti byla zvolena odlévana délend skifit z hlinikové
slitiny CSN EN 573-3. Odlitek bude nasledné tfiskové obroben na CNC centru. Povrch
jednotlivych soucasti mize byt eloxovan. Soucasti skiiné je piiruba pro uchyceni pievodovky
k motoru.
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8 Porovnani stavajiciho a alternativniho reSeni

Stavajici reseni Alternativni reseni
Rozmeéry 0,023m?
Zivotnost 10000 h
Hmotnost | 21,2 kg
udrzba Celkem pfizniva

Tabulka 16 porovnani hodnot ptivodniho feSeni a vypoctené hodnoty feSeni nového

Porovnani bylo provedeno na zikladé¢ mformaci zskanych prizkumem stavu techniky
v kapitole 2 a Udaji ziskanymi z vypoctového SW KISSsys a vysledného technického navrhu.
K porovnani byl pouzit SW EAOS [Hosnedl&Skiivanek 2019]. [29] Alternativa a piedstavuje
nové feSeni planetovou pievodovku, alternativa b je piivodni feSeni.

SPECIFIKACE kritérii pro hodnoceni SWOT hodnoceni alternativ
TSis): Porovnani éelni a planetové prevodovky Volitelng: | dolni mez | 0,3 | homi mez | 09
Stupnice | DAGAEB PoZadavek | kritérium Vaha Alternativa organové struktury TS(s)
hodnoceni | - Oplast 2 - e i
oLz 13| gapeg orovnatelna konkurenéni viastnost [0=4) a
Zivotnost 4 4
MantaZ a manipulace 4 2
Hmotnost 2 2
rozméry 4 4
% hodnoceni vhodnosti @ 28 21 - - 35
% normované hodnoceni Q@ (0+1) 0,69 | 0,53 0,00 0,00 | 0,88
= Celkova dodaci doba - shodna 4 - - - - 4
E
=
=
s~
-l
E T hednoceni vhodnosti T . 5 . . 40
-]
a T normované hodnoceni T (0+ 1) 0,00 | 0,00 0,00 0,00 | 1,00
s Celkové dodaci naklady 4 4 4 |- - 4
“§1 naklady na GdrZbu 4 2 3 - - 4
=
% o
B ¥ hodnoceni vhodnosti C 30 35 - - 4,0
-
8 ¥ normované hodnoceni C (0 +1) 0,75 | 0,88 0,00 0,00 | 1,00

Tabulka 17 — sledované parametry nového (a) a puvodniho feSeni (b) [29]

Na zikladé¢ mformaci a technickych vypocti se projevila vyhoda nového feSeni
predevS$im z hlediska rozméri a Zivotnosti, ktera dokonce piesahuje stanovenych 15 000 hodin.
Na druhou stranu se zde projevily i jeji nedostatky oproti pivodnimu feSeni, coz jsou
predev§im vétsi vySSi pofizovaci naklady, vyS§i hmotnost anutnost vymény oleje. Z porovnani
vychazi (blize idealnimu feSeni piedstavovaném diagonalou) na obr. 42.
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Porovnani vlastnosti stavajiciho a alternativnaho feSeni
HODNOCENI dodaci doby/terminu Teo

HODNOCEN] dodacich nikladi/ceny Cro

 hlediska sledovanych parametri

o0 (-5 oz 03 o4 as oE o7 LE] 05 10
HODNOCEN] posuzované kvality Qro
0 aac O bac O cac
W doc i iac @ aar

e i Zpecioac] il & SWOT hooomi: A SPECIFICALE IpRanl| & SWOT nognooen) anamany

(@*T~C obiast visstnost/ podsdavicd
e {zakazhu) TS ©

efapaTs
vina vizstnoefi | podadavki §0-4)° 4 4 4

iy sleclhy W mneno
ST hodnocen(
(0-1)

Obréazek 42 — sledované parametry nového (a) a puvodniho feSeni (b) [29]
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9 Zavér

Primarnim cilem této bakalatské prace bylo vyvinout alternativni feSeni pievodového
mechanismu pro posuv stolu obrabéciho stroje. Konstrukce méla nabidnout vyhodnéjsi
charakteristiky Zivotnosti arozméra pii zachovani ptijatelnych nakladt, hmotnosti a zachovani
(¢i ZlepSeni) funkénich parametri, pozadovanych pro spravnou funkci posuvu.

Nejprve byla provedena teoretickd resSerSe vcetné prizkumu soucasného stavu techniky
a stanoveni parametri souc¢asného feSeni, které bylo tfeba porovnat s novym feSenim. V druhé
casti bylo pfistoupeno k praktickému navrhu alternativniho feSeni. Na ziklad¢ vstupnich
vypolti byla zvolena jako optimalni konstrukce dvoustupiiova planetova pievodovka. Mazéni
bylo vyfeSeno brodénim v olejové lazni. Kontrola hladiny oleje je umoznéna pomoci
olejoznakli, umisténych zvlast pro kazda stupenn prevodovky. Skiii prevodovky je vyrobena
Z hlinikové slitiny a umoziuje uchyceni k motoru, piipadné uloZeni na rovnou plochu.

Vypoctovy navrh byl proveden v SW KISSsoft a KISSsys, nasledny model wytvoien
v Autodesk Inventor. Kontroly spojii byly provedeny v programu MITCalc a KISSsoft.

Vysledné porovnani sledovanych parametrii bylo provedeno pomoci [29]. Na zakladé
findlniho zhodnoceni Ize konstatovat, Ze tohoto cile bylo dosazeno a vysledny produkt
V pozadovanych parametrech pievySuje ptvodni feSeni, v oblasti Zivotnosti a rozméra dokonce
velmi vyrazné. Ddéle byla potvrzena pivodni hypotéza, ze nové feSeni bude méné vyhodné
Z hledniska hmotnosti a udrzby, protoze diky slozit¢jSimu mechanismu je jeho hmotnost zna¢né
vyS$i a je tieba kontrolovat a ménit olej v pfevodovce.
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Torque [Nm] -361.353
Power [kW] 0.48
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Calculations:

_0.Stagel.CalcStage
_0O.Stagel.Carrier.Planet.Planet_calc
_0O.Stagel.Stagel_calc
_0.Stage2.CalcStage
_0.Stage2.Carrier.Planet.Planet_calc
_0.Stage2.Stage2_calcO



KISSsoft

_0.Stagel.CalcStage

Important hint: At leastone 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 (=90.1 N/mm) >=150.0 N/mm
1.0 m/s <=v(=0.2 m/s) <=50.0 m/s

2-> Gear 3: Measurement over pins is smaller than tip circle.
Special attention required for measurement!

3-> Gear 3: The measurement between balls/pins is bigger than the tip diameter.
This might produce an incorrect measurement!

Calculation of a helical planetary gear stage

Drawing or article number:

Gear 1: 0.000.0
Gear 2: 0.000.0
Gear 3: 0.000.0
Calculation method ISO 6336:2006 (replaced)

------- Sun ----------- Planets -----
------ Internal gear ---
Number of planets [p] 1 3 1
Power (W) [P] 451.970
Speed (1/min) [n] 200.0 0.0
Speed difference for planet bearing calculation (1/min) [n2] 160.1
Speed planet carrier (1/min) [nSteq] 49.3
Power (kW) [P] 0.452 0.000
Planet carrier performance (kW) [PSteq] 0.452
Torque (Nm) [T] 21.6 0.0 66.0
Torque PI.-Carrier (Nm) [TSteg] 87.589

Application factor [KA] 1.25
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Distribution factor [Ky] 1.00

Required service life (h) [H] 15000.00

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

Gear 1 direction of rotation: Counterclockwise

Planet carrier direction of rotation: counterclockwise

Tooth geometry and material

Geometry calculation according to ISO 21771:2007

------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
Center distance (mm) [a] 23.000
Center distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 1.2500
Normal pressure angle (°) [an] 20.0000
Helix angle at reference circle (°) [B] 20.0000
Number of teeth [z] 17 16 -52
Facewidth (mm) [b] 16.00 17.00 16.00
Hand of gear right left left
Planetary axles can be placed in regular pitch.: 120 °
Accuracy grade [Q-1SO 1328:1995] 6 6 6
Inner diameter (mm) [di] 500 15.00
External diameter (mm) [di] 90.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Outer diameter of gear rim (mm) [dbi] 0.00
Material
Gearl

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Gear?2
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Gear3

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28
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------- Gear1l --------- Gear 2 ----
----- Gear 3 ---
Surface hardness HRC 61 HRC 61
HRC 61
Material treatment according to 1ISO 6336:2006 Normal, life factors ZNT and YNT >=0.85
Fatigue strength. tooth root stress (N/mn¥) [cFlim] 430.00 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm?) [oHlim]  1500.00 1500.00 1500.00
Tensile strength (N/mnv) [cB] 1200.00 1200.00 1200.00
Yield point (N/mmg) [6S] 850.00 850.00 850.00
Young's modulus (N/mn?) [E] 206000 206000 206000
Poisson's ratio [v] 0.300 0.300 0.300
Roughness average value DS, flank (um) [RAH] 0.60 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00 3.00
Mean roughness height, Rz, flank (pum) [RZH] 4.80 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00 20.00
Gear reference profile
1:
Reference profile 1.25/0.38/ 1.0 1ISO 53:1998 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380 (pfPmax*=
0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000
not topping
Gear reference profile
2:
Reference profile 1.25/0.38/ 1.0 ISO 53:1998 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380 (pfPmax*=
0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000
not topping

Gear reference profile
3:
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Reference profile 1.25/0.38/ 1.0 ISO 53:1998 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380 (pfPmax*=
0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000
not topping

Information on final machining

Dedendum reference profile [hfP*] 1.250 1.250 1.250
Tooth root radius Refer. profile [pfP*] 0.380 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000 1.000
Protuberance height coefficient [hprP*] 0.000 0.000 0.000
Protuberance angle (°) [aprP] 0.000 0.000 0.000
Tip form height coefficient [hFaP*] 0.000 0.000 0.000
Ramp angle (°) [aKP] 0.000 0.000 0.000
Type of profile modification: none (only running-in)
Tip relief (um) [CaLUR] 20 /20 20 /20 20 /
2.0
Lubrication type Oil bath lubrication
Type of oil ISO-VG 220
Lubricant base Mineral-oil base
Oil nominal kinematic viscosity at 40°C (mmg/s) [v40] 220.00
Oil nominal kinematic viscosity at 100°C (mm2/s) [v100] 17.50
Specific density at 15°C (kg/dm?) [p] 0.895
Oil temperature (°C) [TS] 70.000
Gear pair 1
Overall transmission ratio [itot] 0.246
Gear ratio [u] 1.063
Transverse module (mm) [mt] 1.330
Transverse pressure angle (°) [at] 21.173
Working pressure angle (°) [awt] 27.143

[awt.e/i] 27.194 ] 27.092
Working pressure angle at normal section (°) [awn] 25.595
Helix angle at operating pitch circle (°) [Bw] 20.877
Base helix angle (°) [Bb] 18.747
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Reference center distance (mm) [ad] 21.949
Pitch on reference circle (mm) [pt] 4.179
Base pitch (mm) [pbt] 3.897
Transverse pitch on contact-path (mm) [pet] 3.897
Sum of profile shift coefficients [Zxi] 0.9586
Transverse contact ratio [ea] 1.147
Transverse contact ratio with allowances [ea.e/m/i] 1.153 /1.142 /1.132
Overlap ratio [eB] 1.394
Total contact ratio [eY] 2.540
Total contact ratio with allowances [ey.e/m/i] 2.546 12.536 /2.525
Length of path of contact (mm) [ga, e/i] 4469 ( 4492/ 4.410)
Length T1-A (mm) [T1A] 7.611( 7.611/ 7.593)
Length T1-B (mm) [T1B] 7.039 ( 7.016/ 7.080)
Length T1-C (mm) [T1C] 5.405( 5.394/ 5.417)
Length T1-D (mm) [T1D] 3.714 ( 3.714/ 3.696)
Length T1-E (mm) [T1E] 3.142 ( 3.119/ 3.183)
Length T2-A (mm) [T2A] 2.882 ( 2.859/ 2.923)
Length T2-B (mm) [T2B] 3.454 ( 3.454/ 3.436)
Length T2-C (mm) [T2C] 5.087 ( 5.076/ 5.099)
Length T2-D (mm) [T2D] 6.779 ( 6.756/ 6.820)
Length T2-E (mm) [T2E] 7.351( 7.351/ 7.333)
Length T1-T2 (mm) [T1T2] 10.493 ( 10.470/ 10.516)
Minimal length of contact line (mm) [Lmin]
18.675
Gear pair 2
Overall transmission ratio [itot] 0.246
Gear ratio [u] -3.250
Transverse module (mm) [mt] 1.330
Transverse pressure angle (°) [at] 21.173
Working pressure angle (°) [awt] 13.888

[awt.e/i] 13.781/ 13.993
Working pressure angle at normal section (°) [awn] 13.137
Helix angle at operating pitch circle (°) [Bw] 19.271
Base helix angle (°) [Bb] 18.747
Reference center distance (mm) [ad] 23.944
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Pitch on reference circle (mm)
Base pitch (mm)
Transverse pitch on contact-path (mm)

Sum of profile shift coefficients

Transverse contact ratio

Transverse contact ratio with allowances
Overlap ratio

Total contact ratio

Total contact ratio with allowances

Length of path of contact (mm)

Length T1-A (mm)
Length T1-B (mm)
Length T1-C (mm)
Length T1-D (mm)
Length T1-E (mm)

Length T2-A (mm)
Length T2-B (mm)
Length T2-C (mm)
Length T2-D (mm)
Length T2-E (mm)

Length T1-T2 (mm)

Minimal length of contact line (mm)
20.069

Gear 1

Lead height (mm)

Axial pitch (mm)

Profile shift coefficient

Tooth thickness, arc, in module

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

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

(mm)

Vil

[pt]
[pbt]
[pet]

[Zxi]

[ea]
[ea.e/m/1]
[ef]

[eY]
[ey.e/m/i]

[ga, e/i]

[T1A]
[T1B]
[T1C]
[T1D]
[T1E]

[T2A]
[T2B]
[T2C]
[T2D]
[T2E]

[T1T2]

[Lmin]

[pz]
[px]
[X]

[sn*]

[k*mn]
[d]

[db]

[da]
[da.e/i]
[Ada.e/i]
[dFa]
[dFa.e/i]

KISSsoft

4.179
3.897
3.897
0.6396
1.262
1280  /1.267 /1.246
1.394
2.655
2682  /2.661/2.639
4.917 ( 5.023/ 4.855)
7.351( 7.351/ 7.333)
6.331( 6.224/ 6.375)
2.454 ( 2.473/ 2.434)
3.454 ( 3.454/ 3.436)
2.434 ( 2.328/ 2.478)

12.871 ( 12.915/
11.851 ( 11.788/
7.974 ( 8.037/
8.974 ( 9.018/
7.954 ( 7.892/

5.520 ( 5.564/

195.190

11.482
0.4750
1.9166

-0.147
22.614
21.087
26.007
26.007 / 25.986
0.000/ -0.021
26.007
26.007 / 25.986

12.809 )
11.851)
7.911)
8.912)
7.954)

5.477)
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Root diameter (mm) [df] 20.676
Generating Profile shift coefficient [XE.e/i] 0.4157/ 0.3827
Generated root diameter with XE (mm) [df.e/i] 20.528 / 20.445
Root form diameter (mm) [dF] 21.569

(mm) [dFf.e/i] 21.487/ 21.444

Internal toothing: Calculation dFf with pinion type cutter (z0=
25 ,x0= 0.000)

Involute length (mm) [l dFa-1 dFf] 2.503
Addendum, mn(hap*+x+k) (mm) [ha] 1.697
(mm) [ha.efi] 1.697/ 1.686
Dedendum (mm) [hf=mn*(hfP*-x)] 0.969
(mm) [hf.e/i] 1.043/ 1.084
Tooth height (mm) [h] 2.665
Virtual gear no. of teeth [zn] 20.175
Normal tooth thickness at tip circle (mm) [san] 0.814
(mm) [san.e/i] 0.766/ 0.719
Normal tooth thickness at tip form circle (mm) [sFan] 0.814
(mm) [sFan.e/i] 0.766/ 0.719
Normal space width at root circle (mm) [efn] 0.000
(mm) [efn.e/i] 0.000/ 0.000
Gear 2
Lead height (mm) [pz] 183.708
Axial pitch (mm) [px] 11.482
Profile shift coefficient [X] 0.4836
Tooth thickness, arc, in module [sn*] 1.9228
Tip alteration (mm) [k*mn] -0.147
Reference diameter (mm) [d] 21.284
Base diameter (mm) [db] 19.847
Tip diameter (mm) [da] 24.699
(mm) [da.e/i] 24.699 / 24.678
Tip diameter allowances (mm) [Ada.e/i] 0.000/ -0.021
Tip form diameter (mm) [dFa] 24.699
(mm) [dFa.e/i] 24.699 / 24.678
Root diameter (mm) [df] 19.368
Generating Profile shift coefficient [XE.e/i] 0.4242/ 0.3913
Generated root diameter with xE (mm) [df.e/i] 19.219/ 19.137
Root form diameter (mm) [dFf] 20.269
(mm) [dFf.e/i] 20.189/ 20.149

Internal toothing: Calculation dFf with pinion type cutter (z0=
25 ,x0= 0.000)

Involute length (mm) [l dFa-1 dFf] 2.509
Addendum, mn(hap*+x+k) (mm) [ha] 1.707

(mm) [ha.e/i] 1.707/ 1.697
Dedendum (mm) [hf=mn*(hfP*-x)] 0.958

viii



(mm)
Tooth height (mm)
Virtual gear
Normal tooth thickness at tip circle (mm)
(mm)

Normal tooth thickness at tip form circle (mm)

(mm)
Normal space width at root circle (mm)
(mm)

Gear 3

Lead height (mm)

Axial pitch (mm)

Profile shift coefficient

Tooth thickness, arc, in module

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

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

In normal section: 4

Tip chamfer (mm)
Tooth tip chamfer angle (°)
Tip form diameter (mm)
(mm)
Root diameter (mm)
Generating Profile shift coefficient
Generated root diameter with xE (mm)
Root form diameter (mm)
(mm)

Internal toothing: Calculation dFf with pinion type cutter (z0=

Involute length (mm)
Addendum, mn(hap*+x+K) (mm)
(mm)
Dedendum (mm)
(mm)
Tooth height (mm)
Virtual gear
Normal tooth thickness at tip circle (mm)
(mm)

without consideration of tip chamfer/tip rounding

iX
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[hf.e/i] 1.032/ 1.073

[h] 2.665

no. of teeth [zn] 18.988

[san] 0.791

[san.e/i] 0.744/ 0.696

[sFan] 0.791

[sFan.e/i] 0.744/ 0.696

[efn] 0.000

[efn.e/i] 0.000/ 0.000

[pz] 597.051

[px] 11.482

[x] 0.1560

[sn*] 1.6843

[k*mn] 0.000

[d] 69.172

[db] 64.502

[da] 66.282

[da.e/i] 66.282 / 66.252

[Ada.e/i] 0.000/ -0.030

in transverse section: 2, in axial section: 3,

1

[hK] 0.077

[0hK] 45.000

[dFa] 66.435

[dFa.e/i] 66.435/ 66.405

[df] 71.907

[XE.e/i] 0.0791/ 0.0351

[df.e/i] 72.209/ 72.099

[dFf] 71.164

[dFf.e/i] 71.583/ 71.440

,X0= 0.000)

[l_dFa-1 dFf] 2.522

[ha] 1.445

[ha.e/i] 1.460/ 1.445

[pf=mn*(hfP*-x)] 1.368

[hf.e/i] 1.464/ 1.519

[h] 2.813

no. of teeth [zn] 61.712

[san] 1.181

[san.e/i] 1.113/ 1.068
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Normal tooth thickness at tip form circle (mm) [sFan] 1.218

(mm) [sFan.e/i] 1.151/ 1.105
Normal space width at root circle (mm) [efn] 0.733

(mm) [efn.e/i] 0.718/ 0.709

Gear specific pair data Gear pair 1, Gear 1

Operating pitch diameter (mm) [dw] 23.697
(mm) [dw.e/i] 23.708 / 23.686
Active tip diameter (mm) [dNa] 26.007
(mm) [dNa.e/i]  26.007 / 25.986
Theoretical tip clearance (mm) [c] 0.313
Effective tip clearance (mm) [c.efi] 0.449/ 0.376
Active root diameter (mm) [dNf] 22.004
(mm) [dNf.e/i] 22.027 1 21.991
Reserve (dNf-dFf)/2 (mm) [cF.efi] 0.292/ 0.252
Max. sliding velocity at tip (m/s) [voa] 0.074
Specific sliding at the tip [Ca] 0.598
Specific sliding at the root [Cf] -1.485
Mean specific sliding [Cm] 0.598
Sliding factor on tip [Kga] 0.384
Sliding factor on root [Kof] -0.394
Roll angle at dFa (°) [EdFa.e/i] 41.359/ 41.262
Roll angle to dNa (°) [EdNa.e/i] 41.359/ 41.262
Roll angle to dNf (°) [EdNfe/i] 17.297/ 16.951
Roll angle at dFf (°) [EdFfe/i]  11.203/ 10.583
Diameter of single contact point B (mm) [d-B] 25.355 ( 25.329/ 25.400)
Diameter of single contact point D (mm) [d-D] 22.357 ( 22.357/ 22.345)
Addendum contact ratio [€] 0.566 ( 0.569/ 0.558)

Gear specific pair data Gear pair 1, Gear 2

Operating pitch diameter (mm) [dw] 22.303
(mm) [dw.e/i] 22.313/ 22.293
Active tip diameter (mm) [dNa] 24.699
(mm) [dNa.e/i] 24.699/ 24.678
Theoretical tip clearance (mm) [c] 0.313
Effective tip clearance (mm) [c.efi] 0.449/ 0.376
Active root diameter (mm) [dNA] 20.667
(mm) [dNf.e/i] 20.690/ 20.654
Reserve (dNf-dFf)/2 (mm) [cF.e/i] 0.271/ 0.232
Max. sliding velocity at tip (m/s) [vaa] 0.072
Specific sliding at the tip [Ca] 0.598
Specific sliding at the root [Cf] -1.486
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Mean specific sliding [Cm] 0.598

Sliding factor on tip [Kga] 0.394

Sliding factor on root [Kof] -0.384

Roll angle at dFa (°) [EdFa.e/i] 42.440/ 42.339

Roll angle to dNa (°) [EdNa.e/i] 42.440/ 42.339

Roll angle to dNf (°) [EdNfe/i] 16.876/ 16.507

Roll angle at dFf (°) [EdFfe/i]  10.688/ 10.029

Diameter of single contact point B (mm) [d-B] 21.014 ( 21.014/ 21.003)
Diameter of single contact point D (mm) [d-D] 24.036 ( 24.010/ 24.082)
Addendum contact ratio [€] 0.581 ( 0.584/ 0.573)

Gear specific pair data Gear pair 2, Gear 2

Operating pitch diameter (mm) [dw] 20.444
(mm) [dw.e/i] 20.435/ 20.454
Active tip diameter (mm) [dNa] 24.699
(mm) [dNa.e/i] 24.699/ 24.678
Theoretical tip clearance (mm) [c] 0.604
Effective tip clearance (mm) [c.efi] 0.776 / 0.690
Active root diameter (mm) [dNf] 20.435
(mm) [dNf.e/i] 20.456 / 20.385
Reserve (dNf-dFf)/2 (mm) [cF.e/i] 0.154/ 0.098
Max. sliding velocity at tip (rmv/s) [voa] 0.000
Specific sliding at the tip [Ca] 0.461
Specific sliding at the root [Cf] -0.006
Mean specific sliding [Cm] 0.459
Sliding factor on tip [Kga] 0.332
Sliding factor on root [Kaf] -0.001
Roll angle at dFa (°) [EdFa.e/i] 42.440/ 42.339
Roll angle to dNa (°) [EdNa.e/i] 42.440/ 42.339
Roll angle to dNf (°) [EdNfe/i] 14.307/ 13.439
Roll angle at dFf (°) [EdFfe/i]  10.688/ 10.029
Diameter of single contact point B (mm) [d-B] 23.542 ( 23.428/ 23.589)
Diameter of single contact point D (mm) [d-D] 21.014 ( 21.014/ 21.003)
Addendum contact ratio [€] 1.257 ( 1.252] 1.246)

Gear specific pair data Gear pair 2, Gear 3

Operating pitch diameter (mm) [dw] 66.444
(mm) [dw.e/i] 66.475/ 66.414

Active tip diameter (mm) [dNa] 66.435
(mm) [dNa.e/i]  66.435/ 66.405

Theoretical tip clearance (mm) [c] 0.457

Xi
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Effective tip clearance (mm) [c.e/i] 0.583/ 0.506
Active root diameter (mm) [dNf] 69.449
(mm) [dNf.e/i] 69.481/ 69.404
Reserve (dNf-dFf)/2 (mm) [cF.efi] 1.090/ 0.979
Max. sliding velocity at tip (rm/s) [voa] 0.060
Specific sliding at the tip [Ca] 0.006
Specific sliding at the root [Cf] -0.856
Mean specific sliding [Cm] 0.459
Sliding factor on tip [Koa] 0.001
Sliding factor on root [Kaf] -0.332
Roll angle at dFa (°) [EdFa.e/i] 14.020/ 14.131
Roll angle to dNa (°) [EdNa.e/i] 14.020/ 14.131
Roll angle to dNf (°) [EdNfe/i] 22.757 ] 22.943
Roll angle at dFf (°) [EdFfe/i] 27.279/ 27.573
Diameter of single contact point B (mm) [d-B] 68.719 ( 68.676/ 68.719)
Diameter of single contact point D (mm) [d-D] 66.953 ( 66.976 / 66.920)
Addendum contact ratio [€] 0.005 ( 0.037/ 0.000)

General influence factors

------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
Nominal circum. force at pitch circle (N) [Ft] 636.190 636.190
Axial force (N) [Fa] 2316 2316 2316
Total axial force (N) [Fatot=Fa* 3 ]
694.7 694.7
Radial force (N) [Fr] 246.415 246.415
Normal force (N) [Fnorm] 7205 7205 7205
Nominal circumferential force per mm (N/mm) [w] 39.76  39.76
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 607.110 662.302
Axial force (N) [Fa] 231.6
Axial force (N) [Fa] 231.6 / 231.6
Axial force (N) [Fa] 231.6
Total axial force (N) [Fatot=Fa* 3 ]
694.7 694.7
Radial force (N) [Fr] 311.249 163.752
Circumferential speed reference circle (nvs) V] 0.18 (Planet)
Running-in value (pm) [yp] 0.487  0.525
Running-in value (um) [yf] 0412  0.487
Gear blank factor [CR] 1.000  1.000
Correction factor [CM] 0.800  0.800
Basic rack factor [CBS] 0975 0.975
Material coefficient [E/Est] 1.000 1.000
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Singular tooth stiffness (N/mm/um) [c] 10.759 12.220
Meshing stiffness (N/mm/pm) [cya] 11.943 14.618
Meshing stiffness (N/mm/pm) [cyB] 10.151 12.425
Reduced mass (kg/mm) [mRed] 0.0005 0.0014
Resonance speed (min-1) [nE1] 90155 61396
Resonance ratio (-) [N] 0.002  0.003
Running-in value (pm) [ya] 0.487  0.525
Planet runs on rolling bearings. Planet pin fixed on both sides in the carrier..

Ipa (mm)=22.10 b (mm) = 16.00dsh (mm) = 10.64

Tooth trace deviation (active) (um) [FBy] 2.98 4.17
from deformation of shaft (um) [fsh*B1] 2.02 0.44
(fsh(um)=2.02 /044 ,B1= 1.00/1.00 , fHBS (um) =5.00 / 5.50 )
Tooth trace 0 0

(0: without, 1: crowned, 2: end relief, 3: full modification)
(4: slightly crowned, 5: helix angle modification, 6: helix angle modification with crowning)

from production tolerances (um) [fma*B2] 9.90 10.26
B2 =1.00 / 1.00
Tooth trace deviation, theoretical (um) [FPBx] 3.50 491
Running-in value yp (um) [yB] 0.53 0.74
Dynamic factor [Kv=max(Kv12,Kv23)] 1.00
[Kv12,Kv23] 1.00 1.00
Face load factor - flank [KHB] 1.30
1.52
- Tooth root [KFp] 1.25 1.41
- Scuffing [KBp] 1.30 1.52
Transverse load factor - flank [KHa] 1.39 1.46
- Tooth root [KFa] 1.39 1.46
- Scuffing [KBa] 1.39 1.46
Number of load cycles (in mio.) [NL] 407.0 144.1 133.0

Tooth root load capacity

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

01
Internal toothing: Calculation of YF, YS with pinion type
cutter, z0=
34 x0=
0.000, paP0*=  0.380
------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
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Calculated with generating profile shift coefficient [xE.e] 0.4157 0.4242
0.0791
Tooth form factor [YF] 1.62
[YF] 1.62 /1.39
[YF] 1.39
Stress correction factor [YS] 1.98
[YS] 1.98 /2.10
[YS] 2.10
Bending moment arm (mm) [hF] 1.68
(mm) [hF] 1.67 /1.41
(mm) [hF] 2.15
Load application angle (°) [aFen] 27.62
) [aFen] 27.96 /25.53
® [aFen] 16.29
Tooth thickness at root (mm) [sFn] 2.71
(mm) [sFn] 2.70 /2.70
(mm) [sFn] 3.44
Tooth root radius (mm) [pF] 0.55
(mm) [pF] 0.55 /0.55
(mm) [pF] 0.60

hF* =1.345/1.339/1.125/ 1.721sFn* =2.168 /2.161/  2.161/2.756
pF* = 0.444/0.443/0.443/0.481 dsFn=20.953/ 19.639/ 19.639 /

-71.937 asFn =30.0 /30.0 /30.0 /60.0
Helix angle factor [YB] 0.83 0.83
Deep tooth factor [YDT] 1.00 1.00
Gear rim thickness (mm) [sr] 7.72 2.07 8.90
Gear rim factor [YB] 1.00 1.70 1.00
Effective facewidth (mm) [beff] 16.00
(mm) [beff] 17.00 /17.00
(mm) [beff] 16.00
Nominal stress at tooth root (N/mimg) [6FO0] 84.90
(N/mm?) [cFO0] 135.46 /123.47
(N/mrmg) [cFO0] 77.18
Tooth root stress (N/mnrg) [oF] 183.94
(N/mne) [cF] 293.48 /318.23
(N/mn) [oF] 198.92
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 0.999
Notch sensitivity factor [YdrelT] 0.999 /0.999
Notch sensitivity factor [YdrelT] 1.003
Surface factor [YRrelT] 0.957  0.957  0.957
Size factor, tooth root [YX] 1.000 1.000 1.000
Finite life factor [YNT] 0.906 0925 0.927
Alternating bending factor, mean stress influence coefficient
[YM] 1.000 0.700  1.000
Stress correction factor [Yst] 2.00

Xiv



Yst*oFlim (N/mm?)

Permissible tooth root stress (N/mn?)
Permissible tooth root stress (N/mmg)
Permissible tooth root stress (N/mn¥)
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

----- Gear 3 ---

Zone factor

Elasticity factor (\N/mm?)
Contact ratio factor

Helix angle factor

Effective facewidth (mm)
Nominal contact stress (N/mnv)

Contact stress at operating pitch circle (N/mn®?)

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

Lubrication factor for NL

Speed factor for NL

Roughness factor for NL
Material hardening factor for NL
Finite life factor

Limited pitting is permitted:

Size factor (flank)

[cFE]

KISSsoft

860.00

[cFP=cFG/SFmin]
[cFP=cFG/SFmin]
[cFP=cFG/SFmin]

[cFQG]
[cFG]
[cFG]
[SFmin]

[SF=cFG/cF]

745.29

1.40

[SF=cFG/cF]
[SF=cFG/cF]

[WRating] 1308.10

Permissible contact stress, cHG/SHmin (N/mn?) [cHP]

Pitting stress limit (N/mn?)

Required safety

860.00 860.00
532.35
380.47 /380.47
546.54

532.65 /532.65
765.16
1.40 1.40

4.05

1.81 /1.67
3.85

[WRating] 585.93 /540.36

[WRating] 1241.83
------- Gear1 --------- Gear 2 ----

[ZH] 2.06 2.97

[ZE] 189.81 189.81

[Ze] 0.934  0.890

[ZB] 1.032  1.032

[beff] 16.00  16.00

[cHO] 717.73 588.42

[cHw] 1080.19 980.72

[ZB,ZD] 1.00 1.00 /1.00 1.00

[cHB, cHD] 1080.19 1080.19 /980.72

980.72

[ZL] 1.020  1.020/1.020 1.020

[zV] 0.940  0.940/0.940 0.940

[ZR] 0.929  0.929/0.937 0.937

[ZW] 1.000  1.000/1.000 1.000

[ZNT] 0938 0.968  0.970

[ZX] 1.000 1.000 1.000
1253.85 1294.42 /1304.87

1308.08

[cHG] 1253.85 1294.42 /1304.87

1308.08

[SHmin] 1.00 1.00 1.00
[SHw] 116 1.20 /1.33

Safety factor for contact stress at operating pitch circle

1.33



Safety for stress at single tooth contact
Safety regarding transmittable torque
Transmittable power (W)

804.06

Micropitting according to

Pairing Gear 1 -2 :

KISSsoft

[SHBD=6HG/cHBD] 1.16 1.20 /1.33
1.33
[(SHBD)"2] 135  1.44 /177 178

[WRating] 608.98 649.02 /800.12

ISO/TS 6336-22:2018

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

Helical load factor for scuffing

Lubrication coefficient for lubrication type
Scuffing test and load stage

- 1)

Multiple meshing factor

Relative structural factor, scuffing
Thermal contact factor (N/mm/s™.5/K)
Relevant tip relief (um)

ISO/TS 6336-20/21:2017

[KBy] 123  1.25
[XS] 1.000

[FZGtest] FZG - Test A/8.3 /90 (ISO 14635
12

[Xmp] 2.0 2.0
[XWrelT] 1.000  1.000

[BM] 13.780 13.780 13.780

[Ca] 2.00 2.00 /2.00 2.00

Optimal tip relief (um) [Ceff] 4.16

3.40

Ca taken as optimal in the calculation (O=no, 1=yes) 0 0/0 0

Effective facewidth (mm) [beff] 16.000 16.000

Applicable circumferential force/facewidth (N/mm) [wBt] 90.063

110.454

(1)KBy=1.231, wBt*KBy =110.827

(2)KBy=1.248 , wBt*KBy =137.835

Angle factor [Xof] 1.067  0.870

Flash temperature-criteria

Lubricant factor [XL] 0.830  0.830

Tooth mass temperature (°C) [OM1] 75.25 7414
OMi = Qoil + XS*0.47*Xmp*6flm

Average flash temperature (°C) [06flm] 5.59

441

Scuffing temperature (°C)

[0S] 348.80 348.80
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I" coordinates (pomt of highest temperature) ] -0.419  1.996

Q) [T.A]=0.408 [T.E]= -0.419

2 [[.A]=1.996 [[.E]= -0.008

Highest contact temp. (°C) [0B] 87.42  83.65

Flash factor (°K*N/-.75*s™.5*m-.5*mm) [XM] 50.058 50.058

Approach factor [XJ] 1.000 1.028

Load sharing factor [XT] 1.000  1.000

Dynamic viscosity (mPa*s) MM] 4190 41.90 (
70.0 °C)

Coefficient of friction [um] 0.112  0.125

Required safety [SBmin] 2.000

Margin of safety for scuffing, flash temperature [SB] 16.008 20.419

Integral temperature-criteria

Lubricant factor [XL] 1.000

Tooth mass temperature (°C) [OMC] 79.02  75.40

OMC = foil + XS*0.70*06flaint

Mean flash temperature °C) [0flaint] 6.44

3.86

Integral scuffing temperature (°C) [0Sint] 360.78 360.78

Flash factor (°K*N”-.75*s™.5*m-.5*mm) [XM] 50.058 50.058

Running-in factor, well run in [XE] 1.000 1.000

Contact ratio factor [Xe] 0.399 0.413

Dynamic viscosity (mPa*s) MO1l] 4190 41.90

Mean coefficient of friction [um] 0.167 0.176

Geometry factor [XBE] 0.331 0.177

Meshing factor [XQ] 1.000  0.600

Tip relief factor [XCaq] 1.204  1.881

Integral tooth flank temperature (°C) [Bint] 88.69  81.18

Required safety [SSmin] 1.800

Safety factor for scuffing (intg.-temp.) [SSint] 4.07 4.44

Safety referring to transmittable torque [SSL] 1556  26.00

Measurements for tooth thickness

Gear 1 Gear 2
Gear 3
Tooth thickness tolerance DIN 3967 cd25 DIN
3967 cd25 DIN 3967 cd25
Tooth thickness allowance (normal section) (mm)  [As.e/i]-0.054 /-0.084-0.054 /-0.084 -
0.070/ -0.110
Number of teeth spanned k] 3.000 3.000 -0.000
(Internal toothing: k = (Measurement gap number)
Base tangent length (no backlash) (mm) [WK]  9.987 9.973 -0.000
Base tangent length with allowance (mm) [WKk.e/i]9.936 /9.9089.923 /9.894-0.000 / -
0.000
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Diameter of measuring circle (mm) [dMWk.m] 23.086 21.953 -0.000
Theoretical diameter of ball/pin (mm) [DM]  2.457 2.491 2.049
Effective diameter of ball/pin (mm) [DMeff] 2.500 2.500 2.000
Radial single-ball measurement backlash free (mm) [MrK] 13.773 13.104
33.145
Radial single-ball measurement (mm) [MrK.e/i]13.723 / 13.69513.055 /13.027
33.308 /33.249
Diameter of measuring circle (mm) [dMMr.m] 23.741 22.392 69.222
Diametral measurement over two balls without clearance (mm)[MdK] 27.439 26.208
66.290
Diametral two ball measure (mm) [MdK.e/1]27.339 / 27.28426.110 /26.054
66.616 /66.498
Measurement over pins according to DIN 3960 (mm)[MdR.e/i]27.446 /27.39026.110 /26.054-
0.000/ -0.000
Measurement over 2 pins, free, according to AGMA 2002 (mm)[dk2f.e/i]27.319 / 27.264
0.000 /0.0000.000 / 0.000

Measurement over 2 pins, transverse, according to AGMA 2002 (mm)
[dk2t.e/i]127.548 1 27.4920.000/ 0.000
0.000 /0.000

Measurement over 3 pins, axial, according to AGMA 2002 (mm)
[dk3A.e/i]27.446 [ 27.39026.110 /26.054 -

0.000/ -0.000
Measurement over 3 pins with allowance (mm) [Md3R.e/i]0.000/ 0.0000.000/ 0.000 -
0.000/ -0.000
Note: Internal gears with helical teeth cannot be measured with rollers.
Chordal tooth thickness in reference circle (mm) [sc] 2.392 2.400 2.105
(mm) [sc.e/i]2.340 /2.311 2.347 /2.3182.034 /
1.994
Reference chordal height from da.m (mm) [ha] 1.748 1.762 1.438
Tooth thickness, arc (mm) [sn] 2.396 2.404 2.105
(mm) [sn.e/i]2.342 /2.312 2.350 /2.3202.035 /
1.995
Backlash free center distance (mm) [aControl.e/i]22.881 / 22.81423.237 |/
23.359
Backlash free center distance, allowances (mm) [jta] -0.119/-0.186  0.237/0.359
dNf.i with aControl (mm) [dNfO.i] 21.782 20.452 / 19.953
70.490
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO.i] 0.148 0.131 / -0.118
0.475
Tip clearance (mm) [cO.i(aControl)] 0.201 0.201 / 0.463
0.157
Center distance allowances (mm) [Aa.e/i] 0.011/-0.011 -0.011/0.011
Circumferential backlash from Aa (mm) [jtw_Aa.e/i]0.011/-0.011 0.005 /-0.005
Radial backlash (mm) [jrw] 0.196 /0.108 0.370 /0.227
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Circumferential backlash, transverse section (mm) [jtw]0.198 / 0.1100.204 /
0.122
Normal backlash (mm) [jnw] 0.165 /0.094 0.189/0.109

Torsional angle on input with output fixed:
Total torsional angle (°) [j.tSys] 0.4810/0.3082

Toothing tolerances

------- Gear1 --------- Gear 2 ----

----- Gear 3 ---

According to ISO 1328-1:1995, 1SO 1328-2:1997

Accuracy grade [Q] 6 6 6
Single pitch deviation (um) [fptT] 7.00 7.00 7.50
Base circle pitch deviation (um) [fpbT] 6.50 6.50 7.00
Sector pitch deviation over k/8 pitches (um) [Fpk/8T] 9.50 950 13.00
Profile form deviation (um) [ffoT] 5.50 5.50 6.50
Profile slope deviation (um) [fHoT] 4.60 4.60 5.50
Total profile deviation (um) [FoT] 7.50 7.50 8.50
Helix form deviation (um) [fiBT] 7.00 7.00 7.50
Helix slope deviation (pm) [fHRT] 7.00 7.00 7.50
Total helix deviation (um) [FBT] 10.00  10.00 11.00
Total cumulative pitch deviation (um) [FpT] 20.00 20.00 26.00
Runout (um) [FrT] 16.00 16.00 21.00
Single flank composite, total (um) [FisT] 31.00 30.00 37.00
Single flank composite, tooth-to-tooth (pum) [fisT] 10.00  10.00

11.00

Radial composite, total (um) [FidT] 23.00 23.00 27.00
Radial composite, tooth-to-tooth (um) [fidT] 6.50 6.50 6.50

FidT (Fi"), idT (f") according to ISO 1328:1997 calculated with the geometric mean values
for mn and d

Axis alignment tolerances (recommendation acc. to 1ISO TR 10064-3:1996, Quality)
6
Maximum value for deviation error of axis (um) [fZB] 6.91 6.91

Maximum value for inclination error of axes (um) [f20] 13.81
13.81

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.
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Supplementary data

Mass (g) [m] 51.15 27.23 327.26

otal mass g mMGeSs .
Total @ [mGes] 460.10

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] 3.643e-06 2.418e-06
0.0005266
System (da+df)/2...di (kg*me) [J] 1.512e+24
Torsional stiffness at driving gear with fixed driven gear:
Torsional stiffness (MNm/rad) [cr] 0.275
Torsion when subjected to nominal torque (°)  [dcr] 0.014
Mean coefficient of friction (as defined in Niemann) [um]  0.138 0.147
Wear sliding coef. by Niemann [Cw] 0.685  0.009
Loss factor [HV] 0.206  0.189
Meshing power (W) 340.615 340.615
Gear power loss (W) [PVZ] 3.212 3.162
Total power loss (W) 19.123
Total efficiency 0.958
Sound pressure level according to Masuda, without contact analysis

[dB(A)] 29.2 31.2

Indications for the manufacturing by wire cutting:
Deviation from theoretical tooth trace (um) [WireErr] 3729  395.9
Permissible deviation (um) [Fb/2] 5.0 5.0

Service life, damage

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHminN] 1.00
Service life (calculated with required safeties):

System service life (h) [Hatt] >
Tooth root service life (h) [HFatt] 1le+06  1e+06
Tooth flank service life (h) [HHatt] 1le+06  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 0.0000 0.0000 0.0000 0.0000 0.0000

122.5
5.5

1000000

1le+06
1le+06
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Reliability calculation

Calculation method according to B. Bertsche, Reliability in Automotive and Mechanical
Engineering,

Springer Verlag Berlin Heidelberg 2008

Reliability of material data for cHiim, (%) [RoHIim] 99.00

Reliability of material data for criim, (%) [RoFlim] 99.00

Calculation of coefficients for reliability R(t)

R(t) =100 * [Exp(-((t*fac - tO)/(T - t0))*b)]*p %

Gear [Type fac b t0 T R(H)

-1 [ [cyclesh]  [[-] [-] [cycles] [%]

1 Tooth 27130 1.7 0.654e+29 [1.484e+30 [100.00
root

1 Tooth 27130 1.3 9.014e+29 4.295e+30 |100.00
flank

2 Tooth 9609 1.7 0.654e+29 1.484e+30 |100.00
root

2 Tooth 9609 1.3 0.014e+29 4.295e+30 |100.00
flank

3 Tooth 8870 1.7 9.654e+29 |1.484e+30 |100.00
root

3 Tooth 8870 1.3 9.014e+29 4.295e+30 |100.00
flank

fac = Number of load cycles per hour

b = Weibull shape parameter

t0 = Number of failure-free load cycles

T = Characteristic service life (in load cycles) for 63.2% failure probability
R(H) = Reliability for required service life

Required service life (h)

Reliability R, tooth roots subsystem (%)
Reliability R, tooth flanks subsystem (%)
Reliability R, gears subsystem (%) [Rsub]

[Hmin] 15000.00
[Rsub] 100.00
[Rsu] 100.00
100.00
Required reliability (%) 99.00
Service life H, tooth roots subsystem (h)
Service life H, tooth flanks subsystem (h)
Service life H, gears subsystem (h)

[Rmin]
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Remarks:
- Specifications with [.e/i] imply: Maximum [e] and minimum value [i] for

Taking all tolerances into account

Specifications with [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness allowance
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 1SO 6336-2:2008 with Zf3 = 1/(COS(B)"0.5)
- Details of calculation method:

cy according to Method B

Kv according to Method B

KHp and KFp according to Method C

fmo according to Equation 64, FBx according to 52/53/56

fsh calculated by exactly following the method in Annex D,

ISO 6336-1:2006

Literature: Journal “Antriebstechnik”, 6/2007, p.64.

KHo, KFa according to Method B
- 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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_0.Stagel.Carrier.Planet.Planet_calc

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002
Label Pin

Drawing

Initial position (mm) 0.000
Length (mm) 22.000
Speed (1/min) 49.28
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (g) 13.529
Weight of shaft, including additional masses (g) 13.529
Mass moment of inertia (kg*mm2) 0.169
Momentum of mass GD2 (Nn?) 0.000
Label Planet

Drawing

Initial position (mm) 3.000
Length (mm) 16.000
Speed (1/min) 110.87
Direction of rotation: clockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (g) 28.694
Weight of shaft, including additional masses (g) 28.694
Mass moment of inertia (kg*mm?) 1.583
Momentum of mass GD2 (N ) 0.000
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The direction of the weight is not considered
Consider deformations due to shearing

Shear correction factor 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value

Reference temperature (°C) 20.000

gt

Figure: Load applications

Shaft definition (Pin)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 22.000 mm
Diameter (mm) [d] 10.0000
Length (mm) [ 22.0000
Surface roughness (um) [Rz] 8.0000
Bearing



KISSsoft

Label in the model Supportl

Bearing type Own Input

Bearing position (mm) [Viokal] 2.000
Bearing position (mm) [Yglobal] 2.000

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

Label in the model Support2

Bearing type Own Input

Bearing position (mm) [Viokat] 20.000
Bearing position (mm) [Ygtoba] 20.000

Degrees of freedom

X: fixedY: freeZ: fixed

Rx: freeRy: freeRz: free

Shaft definition (Planet)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 16.000 mm
Diameter (mm) [d] 20.0000
Length (mm) [n 16.0000
Surface roughness (um) [RZ] 8.0000

Inner contour

Cylindrical bore (Cylindrical bore) 0.000 mm ... 6.000 mm
Diameter (mm) [d] 17.0000

Length (mm) [n 6.0000

Surface roughness (um) [RZ] 8.0000

Forces

Type of force element Cylindrical gear
Label in the model z5(-0.0)

Position on shaft (mm) [Viocal] 8.0000

Position in global system (mm) [Vatobar] 11.0000
Operating pitch diameter (mm) 20.4445

Helix angle (°) 19.2708 left
Working pressure angle at normal section (°) 13.1382
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Position of contact (°) -0.0000
Length of load application (mm) 17.0000
Power (kW) 0.0802 driven (input)
Torque (Nm) 6.9084
Axial force (N) 236.2799
Shearing force X (N) -167.1055
Shearing force Z (N) -675.8153
Bending moment X (Nm) 0.0000
Bending moment Z (N m) 2.4153

Type of force element

Cylindrical gear

Label in the model z5(180.0)

Position on shaft (mm) [Viocal] 8.0000

Position in global system (mm) [Vatobar] 11.0000
Operating pitch diameter (mm) 22.3030

Helix angle (°) 20.8771 left
Working pressure angle at normal section (°) 25.5951

Position of contact (°) 180.0000

Length of load application (mm) 17.0000

Power (kW) 0.0802 driving (output)
Torque (Nm) -6.9084

Axial force (N) -236.2799

Shearing force X (N) 317.6010

Shearing force Z (N) -619.5000

Bending moment X (N m) 0.0000

Bending moment Z (N m) 2.6349
CONNECTIONS

INA HK1015 (cBearing) 11.000 mm

Shaft 'Pin' <-> Shaft 'Planet'
Fixed bearing

d =10.000 (mm), D= 14.000
C= 6.800(kN), CO = 8.800 (kN),Cu=1.230 (kN)

Ctheo =  6.800 (kN), COtheo = 8.800 (KkN)

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

Calculation with approximate bearings internal geometry (*)

Z=14 , Dpw =11.456  (mm), Dw =1.456 (mm)

Lwe = 11.240  (mm)

Diameter, external race (mm)  [do] 12.928
Diameter, internal race (mm)  [di] 9.984
Bearing clearance DIN 620:1988 CO0 (32.50 pm)

(mm), b= 15.000 (mm), r= 0.000 (mm)

Results
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Shaft

Maximum deflection  24.134(um) (Planet pos = 3.000 mm)

Mass center of gravity
Pin(mm) 11.000
Planet (mm) 9.858

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 (ISO 281) [ua] 10.00 pm
Lubricant ISO-VG 220

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

Shaft 'Pin* Bearing 'Supportl’

Position (Y-coordinate) [yl 2.00 mm

Bearing reaction force [Fx] -0.370 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [FZ] 0.856 kN

Bearing reaction force [Fr] 0.933 KkN(113.39°)

Bearing reaction moment [Mx] 3.75 Nm

Bearing reaction moment [My] -0.00 Nm

Bearing reaction moment [Mz] 0.26 Nm

Bearing reaction moment [Mr] 3.76  Nm(3.97°)

Displacement of bearing [ux] 0.000 pm
Displacement of bearing [uy] 0.000 pm
Displacement of bearing [ug] 0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] 0.000 mrad (o))
Misalignment of bearing [ry] 0.000 mrad ()]
Misalignment of bearing [rz] 0.000 mrad ()]
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Misalignment of bearing

[rr]

Shaft 'Pin' Bearing 'Support2’

Position (Y-coordinate) vl
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [FZz]
Bearing reaction force [Fr]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [u]
Displacement of bearing [ur]
Misalignment of bearing [rx]
(0.64)
Misalignment of bearing [ry]
Misalignment of bearing [rz]
(0.13)
Misalignment of bearing [rr]
(0.65")
Rolling bearing ‘cBearing’
Position (Y-coordinate) [yl
Dynamic equivalent load [P]
Static equivalent load [Po]
Minimum EHL lubricant film thickness
Life modification factor for reliability[a:]
Results according to 1SO 281.:
Lubricant ISO-VG 220
Load ratio [C/P]
Operating viscosity [v]
Reference viscosity [vi]
Viscosity ratio [x]
Basic bearing rating life [Lnn]
Static safety factor [So]
Operating bearing clearance [Pd]
Reference rating life [Larn]
Bearing reaction force [FX]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Bearing reaction moment [MX]
Bearing reaction moment [My]
Bearing reaction moment [Mz]

20.00
0.220
0.000
0.439
0.491

11.00
1.30

0.150
-0.000
-1.295

1.304

-0.00

0.00
5.05

XXVii
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0.000 mrad (0]

mm

kN

kN

kN

KN (63.42°)
0.000 pm
-0.000 pm
0.000 pm
0.000 pm
0.185 mrad
0.000 mrad (0]
0.037 mrad
0.189 mrad

mm

kN
1.30 kN
[hmin] 0.006 pm
1.000
5.215
48.884 mme/s
0.000 mne/s
0.000

2.5593e+04 h
6.75
32.500 pm
1.8678e+04 h

kN

kN

kN

KN (-83.37°)

Nm

Nm

Nm
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Bearing reaction moment [Mr] 5.05 Nm(90.01°)
Oll level [H] 0.000 mm
Load-independent moment of friction [Mo] 0.001 Nm
Load-dependent moment of friction [Mi1] 0.008 Nm
Moment of friction, cylindrical roller bearing[M-] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994
Torque of friction [Mioss] 0.009 Nm
Power loss [Ploss] 0.146 W
The moment of friction is calculated according to the details in SKF Catalog 1994.
Displacement of bearing [ux] -2.754 pm
Displacement of bearing [uy] -0.323 pm
Displacement of bearing [ug] 20.497 pm
Displacement of bearing [ur] 20.681 pm (97.65°)
Misalignment of bearing [rx] -0.007 mrad (-
0.02)
Misalignment of bearing [ry] 0.000 mrad ()]
Misalignment of bearing [rz] -0.476 mrad (-
1.64"
Misalignment of bearing [r] 0.476 mrad

(1.649

(*) 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 (%) [Lreq] ( 15000.000 )
Bin no B1
158.61

¥ 58.61

Utilization (%) [Lreq] ( 15000.000 )
Bl

85.19

Note: Utilization = (Lreg/Lh)*(1/K)

Ball bearing: k =3, roller bearing: k = 10/3

B 1 : cBearing (Connecting rolling bearing)
Calculation of the factors required to define reliability R(t) using the Weibull distribution.

tin (h):
Calculation method: Bertsche
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Bearing |p

fac

t0

T R(H)%

1 Bearing

5632 135

2.883e+07  6.395e+08 [96.14

Reliability of the configuration for required service life (%) 99.00

0.020 —

0.015 —

0.010 —

0.005 —|

Displacement [mm]
(=]

-0.005 —
-0.010 —
-0.015 —

-0.020 —

—— e

Axial direction Y [mm]

Components - Y-component
— Components - Arbitrary plane

Figure: Deformation (bending etc.) (Arbitrary plane 289.1139811 124)
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— Equivalent stress (GEH)
— Equivalent stress (SSH)

Stress [N/mm?]
w
(=]
o
\
/

240 | | ; N

18.0 — /

12.0 —

6.0 —

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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_0O.Stagel.Stagel calc

Important hint: At leastone warning has occurred during the calculation:

1-> Only some of the entries for the internal geometry for bearing "SKF 61809" are present.
The other values will be approximated.

2-> Only some of the entries for the internal geometry for bearing "SKF 61809" are present.
The other values will be approximated.

3-> Shaft 'Carrier', Rolling bearing 'RollerBearingl':
The minimal load of the bearing is not achieved!
(P= 0.0 kKN, Pmind = 0.1 kN, Condition: P/C >  1.000 %)

4-> Shaft 'Shaftl’, Rolling bearing 'RollerBearing3':

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: see picture W-002
Label Carrier

Drawing

Initial position (mm) 119.000
Length (mm) 62.000
Speed (1/min) 49.28
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 0.534
Weight of shaft, including additional masses (kg) 0.534
Mass moment of inertia (kg* mm2) 176.818

XxXXii
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Momentum of mass GD2 (Nn¥) 0.007
Label Ring

Drawing

Initial position (mm) 115.000
Length (mm) 30.000
Speed (1/min) 0.00
Direction of rotation: clockwise
Material C45 (1)

Young's modulus (N/mm2) 206000.000
Poisson's ratio nu 0.300
Density (kg/me) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 0.351
Weight of shaft, including additional masses (kg) 0.351
Mass moment of inertia (kg*mm?) 793.077
Momentum of mass GD2 (N g) 0.031
Label Shaftl

Drawing

Initial position (mm) 0.000
Length (mm) 120.000
Speed (1/min) 200.00
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/me) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 0.928
Weight of shaft, including additional masses (kg) 0.928
Mass moment of inertia (kg* mmg?) 305.718
Momentum of mass GD2 (N ng) 0.012
Label Sun

Drawing

Initial position (mm) 90.000
Length (mm) 46.000
Speed (1/min) 200.00
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm?)

206000.000

XXX
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Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (g) 52.543
Weight of shaft, including additional masses (g) 52.543
Mass moment of inertia (kg*mm2) 2.136
Momentum of mass GD2 (Nnr) 0.000

The direction of the weight is not considered

Consider deformations due to shearing

Shear correction factor 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value

Reference temperature (°C) 20.000

lf“‘

|

|
/-l-\

A

|

|

|
yd '-l-"\

|

%

Figure: Load applications

Shaft definition (Carrier)
Outer contour

Cylinder (Cylinder) 0.000 mm ... 62.000 mm
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Diameter (mm) [d]
Length (mm) [n
Surface roughness (um) [RZ]

Inner contour

Cylindrical bore (Cylinder inside) 0.000 mm ...

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

Type of force element

Label in
un)
Position on shaft (mm) [Viocar]

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*n?)
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) [Viocai]
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)

45.0000
62.0000
8.0000

KISSsoft

62.000 mm

25.0000
62.0000
8.0000

Coupling
the

model

CarrrierCoupling(CouplingCarrierS

11.0000
[)/global]
40.0000
0.0000
0.0000
0.0000
10.0000
0.4660
-90.3112
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Coupling

130.0000

driven (input)

CarrrierCoupling(PlanetRing)

11.0000
[YQlobaI]
40.0000
0.0000
0.0000
0.0000
10.0000
0.2477

130.0000

driving (output)



KISSsoft

Torque (Nm) 48.0061
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*n?) 0.0000
Mass moment of inertia Jxx (kg*m?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000
Type of force element Coupling
Label in the model CarrrierCoupling(SunP lanet)
Position on shaft (mm) [Viocal] 11.0000
Position in global system (mm) [Yatobar] 130.0000
Effective diameter (mm) 40.0000
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) 0.2183 driving (output)
Torque (Nm) 42.3051
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (N m) 0.0000
Bending moment Z (N m) 0.0000
Mass (kg) 0.0000
Mass moment of inertia Jp (kKg*m?) 0.0000
Mass moment of inertia Jxx (kg*nm?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000
Bearing

Label in the model RollerBearingl
Bearing type SKF 61809

Bearing type Deep groove ball bearing (single row)
Bearing position (mm) [Viokal] 42.000
Bearing position (mm) [Yglobal] 161.000
Attachment of external ring Fixed bearing

Inner diameter (mm) [d] 45.000
External diameter (mm) [D] 58.000
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Width (mm) [b] 7.000
Corner radius (mm) [r] 0.300
Number of rolling bodies [Z] 21
Rolling body reference circle (mm) [Dpw] 51.000
Diameter rolling body (mm) [Dw] 3.969
Diameter, external race (mm)  [do] 54.976
Diameter, internal race (mm)  [di] 47.024
Radius of curvature, external race (mm) [ro] 2.104
Radius of curvature, internal race (mm) [ri] 2.064
Calculation with approximate bearings internal geometry (*)
Bearing clearance ISO 5753-1:2009 CO (14.50 pm)
Axial clearance Pe =106.30 pm
Basic static load rating (kN)  [Co] 6.100
Basic dynamic load rating (kN) [C] 6.600
Fatigue load limit (kN) [Cu] 0.260
Values for approximated geometry:
Basic dynamic load rating (KN) [Ctheo] 6.203
Basic static load rating (kN)  [Cotheo] 5.378
Correction factor Basic dynamic load rating
[fc] 1.000
Correction factor Basic static load rating
[fco] 1.000
Shaft definition (Ring)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 30.000 mm
Diameter (mm) [d] 100.0000
Length (mm) [ 30.0000
Surface roughness (um) [Rz] 8.0000

Inner contour

Cylindrical bore (Cylindrical bore) 0.000 mm ... 30.000 mm
Diameter (mm) [d] 90.0000

Length (mm) [ 30.0000

Surface roughness (um) [RZ] 8.0000

Forces

Type of force element Coupling

Label in the model cBrake(Brake)

Position on shaft (mm) [Viocal] 15.0000

Position in global system (mm) [Vgtobar] 130.0000
Effective diameter (mm) 80.0000
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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 (N m)

Mass (kg)

Mass moment of inertia Jp (Kg*mg)
Mass moment of inertia Jxx (kg*nv?)
Mass moment of inertia Jzz (kg*m2)
Eccentricity (mm)

Type of force element

Label in the model

Position on shaft (mm) [Viocar]
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 (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocai]
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)

YKV

0.0000
0.0000
0.0000
10.0000
0.0000
-68.7312
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

KISSsoft

driving (output)

Cylindrical gear

22(0.0)
15.0000
[Yglobal]
-66.4447
19.2708
13.1382
0.0000
16.0000
0.0000
22.9104
241.1020
170.5158
-689.6075
-0.0000
8.0100

130.0000

left

driven (input)

Cylindrical gear

22(120.0)
15.0000
[Ygtobal]
-66.4447
19.2708
13.1382
120.0000
16.0000
0.0000
22.9104
241.1020
511.9598

130.0000

left

driven (input)



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

Type of force element

Label in the model
Position on shaft (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)

Bearing

[YIocaI]
Position in global system (mm)
Operating pitch diameter (mm)

KISSsoft

492.4748
-6.9368
-4.0050

Cylindrical gear
72(240.0)
15.0000
[)/global]
-66.4447
19.2708 left
13.1382
240.0000
16.0000
0.0000
22.9104
241.1020
-682.4755
197.1328
6.9368
-4.0050

130.0000

driven (input)

Label in the model
Bearing type

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

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

Shaft definition

Outer contour

Cylinder (Cylinder)
Diameter (mm) [d]
Length (mm) [n
Surface roughness (um) [RZ]

Inner contour

Cylindrical bore (Cylindrical bore) 0.000 mm ...

Diameter (mm) [d]

Support4
Own Input

3.500
118.500

[Viokal]
[Yglobal]

(Shaft1)

0.000 mm ... 120.000 mm
45.0000
120.0000
8.0000

90.000 mm
32.0000
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Length (mm) [ 90.0000

Surface roughness (um) [Rz] 8.0000

Forces

Type of force element Coupling

Label in the model cin(Boundaryl)
Position on shaft (mm) [Viocal] 5.0000
Position in global system (mm) [Vgtobar] 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 driving (output)
Torque (Nm) 21.5800

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 (N m) 0.0000

Mass (kg) 0.0000

Mass moment of inertia Jp (Kg*mg) 0.0000

Mass moment of inertia Jxx (kg*n?) 0.0000

Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000
Bearing

Label in the model RollerBearing3

Bearing type SKF 61809

Bearing type Deep groove ball bearing (single row)
Bearing position (mm) [Viokal] 57.000

Bearing position (mm) [Yglobal] 57.000
Attachment of external ring Fixed bearing

Inner diameter (mm) [d] 45.000
External diameter (mm) [D] 58.000

Width (mm) [b] 7.000

Corner radius (mm) [r] 0.300
Number of rolling bodies [Z] 21

Rolling body reference circle (mm) [Dpw] 51.000
Diameter rolling body (mm) [Dw] 3.969
Diameter, external race (mm)  [do] 54.976
Diameter, internal race (mm)  [di] 47.024

xl



Radius of curvature, external race (mm)
Radius of curvature, internal race (mm)
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[To] 2.104
[ri] 2.064

Calculation with approximate bearings internal geometry (*)

Bearing clearance

ISO 5753-1:2009 CO (14.50 pm)

Axial clearance Pe =106.30 um
Basic static load rating (kN)  [Co] 6.100
Basic dynamic load rating (kN) [C] 6.600
Fatigue load limit (kN) [Cy] 0.260
Values for approximated geometry:
Basic dynamic load rating (KN) [Ctheo] 6.203
Basic static load rating (KN)  [Cotheo] 5.378
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fco] 1.000
Shaft definition (Sun)

Outer contour

Cylinder (Cylinder)
Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [RZ]

Inner contour

Cylindrical bore (Cylinder inside) 0.000 mm ...

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

Cylindrical bore (Cylinder inside) 38.000 mm ...

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [RZ]

Forces

Type of force element

Label in the model

Position on shaft (mm) [Viocai]

Position in global system (mm)

Operating pitch diameter (mm)

Helix angle (°)

Working pressure angle at normal section (°)

xli

0.000 mm ... 46.000 mm

16.0000
46.0000
8.0000

38.000 mm
8.0000
38.0000
8.0000

46.000 mm
10.0000
8.0000
8.0000

Cylindrical gear
z1(0.0)
40.0000

[Ygtobar] 130.0000
23.6970
20.8771 right
25.5951



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 (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocai]
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 (N m)

Bending moment Z (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocal]
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

xlii

0.0000
16.0000
0.1507
-7.1933
231.5543
-311.2490
607.1099
-0.0000
2.7436
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driven (input)

Cylindrical gear

z1(120.0)
40.0000
[YQlobaI]
23.6970
20.8771
25.5951
120.0000
16.0000
0.1507
-7.1933
231.5543
-370.1481
-573.1045
-2.3760
-1.3718

130.0000

right

driven (input)

Cylindrical gear

z1(240.0)
40.0000
[yglobal]
23.6970
20.8771
25.5951
240.0000
16.0000
0.1507
-7.1933
231.5543
681.3971
-34.0054
2.3760
-1.3718

130.0000

right

driven (input)
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(cShaftlSun) 104.000 mm
Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed
Results
Shaft
Maximum deflection 0.000(um) (Ring pos=  145.000 mm)
Mass center of gravity
Carrier (mm) 31.000
Ring (mm) 15.000
Shaftl (mm) 69.165
Sun(mm) 22.360
Total axial load
Carrier (N) 0.000
Ring (N) 723.306
Shaftl (N) 0.000
Sun(N) 694.663
Torsion under torque
Carrier (°) 0.000
Ring (°) 0.000
Shaftl (°) -0.005
Sun(®) -0.068
Bearing
Probability of failure [n] 10.00 %
Axial clearance (ISO 281) [ua] 10.00 pm
Lubricant ISO-VG 220
Lubricant - service temperature [Tg] 70.00 °C

Rolling bearing stiffness calculated from internal geometry

Shaft 'Carrier’ Rolling bearing 'RollerBearingl’
42.00 mm
0.00 kN

Position (Y-coordinate) vl
Dynamic equivalent load [P]

xliii



KISSsoft

Static equivalent load [Po] 0.00 kN

Minimum EHL lubricant film thickness [hmin] -nan(ind)  pm
Spin to roll ratio [0 s/o roll]l  0.000

Life modification factor for reliability[a:] 1.000

Results according to 1SO 281:

Lubricant ISO-VG 220

Load ratio [C/P] inf

Operating viscosity [v] 0.000 mnme/s
Reference viscosity [vi] 0.000 mme/s
Viscosity ratio [x] 0.000

Basic bearing rating life [Lnn] 1.0000e+10 h

Static safety factor [So] 9999.99

Operating bearing clearance [Pd] 11.921 pm

Reference rating life [Larn] 3.3824e+08 h

Bearing reaction force [FX] 0.000 kN

Bearing reaction force [Fyl 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] 0.004 Nm
Load-dependent moment of friction [M1] 0.000 Nm
Moment of friction, cylindrical roller bearing[M2] 0.000 Nm

Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994
Torque of friction [Mioss] 0.004 Nm

Power loss [Pross] 0.019 W

The moment of friction is calculated according to the details in SKF Catalog 1994.
Displacement of bearing [ux] -0.000 pm
Displacement of bearing [uy] -0.000 pm
Displacement of bearing [u] -0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] -0.000 mrad (o))
Misalignment of bearing [ry] 0.000 mrad (0]
Misalignment of bearing [rZ] -0.000 mrad (o))
Misalignment of bearing [r] 0.000 mrad ()]

Shaft 'Ring" Bearing 'Support4’

Position (Y-coordinate) [yl 3.50 mm
Bearing reaction force [Fx] -0.000 kN
Bearing reaction force [Fy] -0.723 kN
Bearing reaction force [FZz] -0.000 kN
Bearing reaction force [Fr] 0.000 kN
Displacement of bearing [ux] 0.000 pm
Displacement of bearing [uy] 0.000 pm
Displacement of bearing [ug] 0.000 pm

xliv



Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaftl" Rolling bearing '‘RollerBearing3'

Position (Y-coordinate)
Dynamic equivalent load
Static equivalent load

Minimum EHL lubricant film thickness

Spin to roll ratio

Life modification factor for reliability[a:]

Results according to 1SO 281:

Lubricant

Load ratio

Operating viscosity
Reference viscosity
Viscosity ratio

Basic bearing rating life
Static safety factor

Operating bearing clearance

Reference rating 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

Moment of friction, cylindrical roller bearing[M2]
Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994

Torque of friction
Power loss

KISSsoft

The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing

[ur] 0.000 pm
[rx] -0.000 mrad
[ry] 0.000 mrad
[rz] -0.000 mrad
[rr] 0.000 mrad
vl 57.00 mm
[P] 0.94 kN
[Po] 0.35 kN
[hmin] 0.030
[ _s/o_roll]  0.049
1.000
ISO-VG 220
[C/P] 7.028
V] 48.884 mmé/s
[vi] 0.000 mm¥/s
[x] 0.000
[Lnn] 2.8930e+04 h
[So] 17.57
[Pd] 12.039 pm
[Larn] 4.4578e+04 h
[FX] 0.000 kN
[Fyl -0.695 kN
[FZ] 0.000 kN
[Fr] 0.000 kN
[Mx] 0.00 Nm
[My] 0.00 Nm
[MZ] 0.00 Nm
[Mr] 0.00 Nm(6.64°)
[H] 0.000 mm
[Mo] 0.011
[Mi1] 0.014
0.000 Nm
[Mioss] 0.025 Nm
[Ploss] 0517 W
[ux] 0.000 pm
[uy] 69.795 pm
[u] -0.000 pm
[ur] 0.000 pm
[rx] -0.000 mrad

xiv

(0)
(0)
(0)
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Misalignment of bearing [ry] -0.047 mrad (-
0.16")

Misalignment of bearing [rz] -0.000 mrad (o))
Misalignment of bearing [rr] 0.000 mrad (o))

Bearing ‘cShaftlSun'

Position (Y-coordinate) [yl 104.00 mm

Bearing reaction force [FX] 0.000 kN

Bearing reaction force [Fyl -0.695 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] 21.58 Nm

Bearing reaction moment [MZ] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm(17.09°)

Displacement of bearing [ux] 0.000 pm
Displacement of bearing [uy] 0.000 pm
Displacement of bearing [u] 0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] 0.000 mrad (o))
Misalignment of bearing [ry] 0.000 mrad (0]
Misalignment of bearing [rz] 0.000 mrad (o))
Misalignment of bearing [r] 0.000 mrad ()]

(*) 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 (%) [Lreq] ( 15000.000 )
Bin no Bl B2
1 0.00 51.85

> 0.00 51.85

Utilization (%) [Lreq] ( 15000.000 )
Bl B2
1.14 80.34

Note: Utilization = (Lreg/Lh)"(1/k)

Ball bearing: k =3, roller bearing: k =10/3

B1 : RollerBearingl
B2 : RollerBearing3
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Calculation of the factors required to define reliability R(t) using the Weibull distribution.
tin (h):
Calculation method: Bertsche

Bearing |p fac b t0 T R(H)%
1 Bearing 0 110 |8.87e+06 2.833e+08 |100.00
2 Bearing 6222 110 [3.6e+07 1.15e+09 [96.25
Reliability of the configuration for required service life (%) 99.00
0.070 — — Components - Y-component
— Components - Arbitrary plane
0.060 —]
0.050 —]
£ ]
E
£ 0.040 —
-
g 0030 —
g i
0.020 — —
0.010 —fum I 54
0 | T
b W & RO &
éial direction Y [mm]...c -

Figure: Deformation (bending etc.) (Arbitrary plane 355.0983298 124)
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— Equivalent stress (GEH)
— Equivalent stress (SSH)

54.0 —
48.0 —
42.0 —

36.0 —

30.0 —

Stress [N/mm?]

240 —

18.0 —

12.0 —

6.0 —

“Axial direction Y [mm!

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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_0.Stage2.CalcStage

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:

1.0 m/s <=v(=0.1 m/s) <=50.0 m/s

Calculation of a helical planetary gear stage

Drawing or article number:

Gear 1: 0.000.0
Gear 2: 0.000.0
Gear 3: 0.000.0
Calculation method ISO 6336:2006 (replaced)

------- Sun ----------- Planets -----
------ Internal gear ---
Number of planets [p] 1 3 1
Power (W) [P] 466.015
Speed (1/min) [n] 49.3 -0.0
Speed difference for planet bearing calculation (1/min) [n2] 41.5
Speed planet carrier (1/min) [nSteq] 12.7
Power (kW) [P] 0.466 0.000
Planet carrier performance (kW) [PSteq] 0.466
Torque (Nm) [T] 90.3 0.0 260.3
Torque Pl.-Carrier (Nm) [TSteg] 350.620
Application factor [KA] 1.25
Distribution factor [Ky] 1.00
Required service life (h) [H] 15000.00
Gear driving (+) / driven (-) - +/- +
Working flank gear 1: Right flank
Gear 1 direction of rotation: Counterclockwise
Planet carrier direction of rotation: counterclockwise
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Tooth geometry and material

Geometry calculation according to ISO 21771:2007

------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
Center distance (mm) [a] 31.000
Center distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 1.7500
Normal pressure angle (°) [an] 20.0000
Helix angle at reference circle (°) [B] 20.0000
Number of teeth [z] 17 15 -49
Facewidth (mm) [b] 20.00 19.00  20.00
Hand of gear right left left
Planetary axles can be placed in regular pitch.: 120 °
Accuracy grade [Q-1SO 1328:1995] 6 6 6
Inner diameter (mm) [di] 500 15.00
External diameter (mm) [di] 110.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Outer diameter of gear rim (mm) [dbi] 0.00
Material
Gearl

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Gear2
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Gear3
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
Surface hardness HRC 61 HRC 61
HRC 61
Material treatment according to ISO 6336:2006 Normal, life factors ZNT and YNT >=0.85
Fatigue strength. tooth root stress (N/mn¥) [cFlim] 430.00 430.00 430.00

Fatigue strength for Hertzian pressure (N/mm?) [oHlim]  1500.00 1500.00 1500.00
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Tensile strength (N/mnv) [cB] 1200.00 1200.00 1200.00
Yield point (N/mmg) [0S] 850.00 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000 206000
Poisson's ratio [v] 0.300 0.300 0.300
Roughness average value DS, flank (um) [RAH] 0.60 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00 3.00
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00  20.00

Gear reference profile

1:
Reference profile 1.25/0.38/ 1.0 ISO 53:1998 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380 (pfPmax*=
0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000
not topping
Gear reference profile
2:
Reference profile 1.25/0.38/ 1.0 ISO 53:1998 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380 (pfPmax*=
0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000
not topping
Gear reference profile
3:
Reference profile 1.25/0.38/ 1.0 ISO 53:1998 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380 (pfPmax*=
0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000

Protuberance height coefficient [hprP*] 0.000
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Protuberance angle [aprP] 0.000

Tip form height coefficient [hFaP*] 0.000

Ramp angle [aKP] 0.000
not topping

Information on final machining

Dedendum reference profile [hfP*] 1.250 1.250 1.250
Tooth root radius Refer. profile [pfP*] 0.380 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000  1.000
Protuberance height coefficient [hprP*] 0.000 0.000 0.000
Protuberance angle (°) [aprP] 0.000 0.000 0.000
Tip form height coefficient [hFaP*] 0.000 0.000  0.000
Ramp angle (°) [aKP] 0.000 0.000 0.000
Type of profile modification: none (only running-in)
Tip relief (um) [Ca LUR] 20 /20 20 /20 20 /
2.0
Lubrication type Oil bath lubrication
Type of oil ISO-VG 220
Lubricant base Mineral-oil base
Oil nominal kinematic viscosity at 40°C (mm?/s) [v40] 220.00
Oil nominal kinematic viscosity at 100°C (mm?/s) [v100] 17.50
Specific density at 15°C (kg/dn?) [p] 0.895
Oil temperature (°C) [TS] 70.000
Gear pair 1
Ovwerall transmission ratio [itot] 0.258
Gear ratio [u] 1.133
Transverse module (mm) [mt] 1.862
Transverse pressure angle (°) [at] 21.173
Working pressure angle (°) [awt] 26.323
[awt.e/i] 26.370/ 26.276
Working pressure angle at normal section (°) [awn] 24.829
Helix angle at operating pitch circle (°) [Bw] 20.740
Base helix angle (°) [Bb] 18.747
Reference center distance (mm) [ad] 29.797
Pitch on reference circle (mm) [pt] 5.851
Base pitch (mm) [pbt] 5.456
Transverse pitch on contact-path (mm) [pet] 5.456

Sum of profile shift coefficients [Zxi] 0.7699
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Transverse contact ratio [ea] 1.175
Transverse contact ratio with allowances [ea.e/m/1] 1.180 /1.171/1.162
Overlap ratio [eB] 1.182
Total contact ratio [eY] 2.357
Total contact ratio with allowances [ey.e/m/i] 2.362 12.353 /2.344
Length of path of contact (mm) [ga, e/i] 6.409 ( 6.437/ 6.338)
Length T1-A (mm) [T1A] 9.817 ( 9.817/ 9.794)
Length T1-B (mm) [T1B] 8.863 ( 8.835/ 8.912)
Length T1-C (mm) [T1C] 7.303( 7.288/ 7.318)
Length T1-D (mm) [T1D] 4361 ( 4.361/ 4.338)
Length T1-E (mm) [TLE] 3.408 ( 3.379/ 3.456)
Length T2-A (mm) [T2A] 3.930 ( 3.902/ 3.981)
Length T2-B (mm) [T2B] 4.883 ( 4.883/ 4.863)
Length T2-C (mm) [T2C] 6.444 ( 6.430/ 6.457)
Length T2-D (mm) [T2D] 9.386 ( 9.357/ 9.436)
Length T2-E (mm) [T2E] 10.339 ( 10.339/ 10.319)
Length T1-T2 (mm) [T1T2] 13.746 ( 13.718/ 13.775)
Minimal length of contact line (mm) [Lmin]
23.031
Gear pair 2
Overall transmission ratio [itot] 0.258
Gear ratio [u] -3.267
Transverse module (mm) [mt] 1.862
Transverse pressure angle (°) [at] 21.173
Working pressure angle (°) [awt] 17.763

[awt.e/i] 17.691/ 17.835
Working pressure angle at normal section (°) [awn] 16.792
Helix angle at operating pitch circle (°) [Bw] 19.616
Base helix angle (°) [Bb] 18.747
Reference center distance (mm) [ad] 31.659
Pitch on reference circle (mm) [pt] 5.851
Base pitch (mm) [pbt] 5.456
Transverse pitch on contact-path (mm) [pet] 5.456
Sum of profile shift coefficients [Zxi] 0.3486

Transverse contact ratio [ea] 1.302



KISSsoft

Transverse contact ratio with allowances [ea.e/m/i] 1.321 /1.306 /1.291
Overlap ratio [eB] 1.182
Total contact ratio [eY] 2.484
Total contact ratio with allowances [ey.e/m/i] 2.503 [2.488 /2.473
Length of path of contact (mm) [ga, e/i] 7.105( 7.207/ 7.044)
Length T1-A (mm) [T1A] 10.339 ( 10.339/ 10.319)
Length T1-B (mm) [T1B] 8.689 ( 8.587/ 8.731)
Length T1-C (mm) [T1C] 4172 ( 4190/ 4.154)
Length T1-D (mm) [T1D] 4.883 ( 4.883/ 4.863)
Length T1-E (mm) [T1E] 3.234 ( 3.132/ 3.275)
Length T2-A (mm) [T2A] 19.796 ( 19.837/ 19.735)
Length T2-B (mm) [T2B] 18.147 ( 18.086/ 18.147)
Length T2-C (mm) [T2C] 13.630 ( 13.689/ 13.571)
Length T2-D (mm) [T2D] 14.341 ( 14.382/ 14.279)
Length T2-E (mm) [T2E] 12.691 ( 12.630/ 12.691)
Length T1-T2 (mm) [T1T2] 9.457 ( 9.498/ 9.416)
Minimal length of contact line (mm) [Lmin]
25.196
Gear 1
Lead height (mm) [pz] 273.266
Axial pitch (mm) [px] 16.074
Profile shift coefficient [X] 0.1666
Tooth thickness, arc, in module [sn*] 1.6921
Tip alteration (mm) [k*mn] -0.144
Reference diameter (mm) [d] 31.659
Base diameter (mm) [db] 29.522
Tip diameter (mm) [da] 35.454
(mm) [da.e/i] 35.454 / 35.429

Tip diameter allowances (mm) [Ada.e/i] 0.000/ -0.025
Tip form diameter (mm) [dFa] 35.454

(mm) [dFa.e/i] 35.454 / 35.429
Root diameter (mm) [df] 27.867
Generating Profile shift coefficient [XE.e/1] 0.1242/ 0.1007
Generated root diameter with XE (mm) [df.efi] 27.719/ 27.637
Root form diameter (mm) [dFf] 29.713

(mm) [dFf.e/i] 29.669 / 29.647

Internal toothing: Calculation dFf with pinion type cutter (z0=
25 ,x0= 0.000)
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Involute length (mm)
Addendum, mn(hap*+x+k) (mm)

(mm)
Dedendum (mm)
(mm)
Tooth height (mm)
Virtual gear
Normal tooth thickness at tip circle (mm)
(mm)
Normal tooth thickness at tip form circle (mm)
(mm)
Normal space width at root circle (mm)
(mm)

Gear 2

Lead height (mm)

Axial pitch (mm)

Profile shift coefficient

Tooth thickness, arc, in module

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

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

(mm)
Root diameter (mm)
Generating Profile shift coefficient
Generated root diameter with XE (mm)
Root form diameter (mm)

(mm)

Internal toothing: Calculation dFf with pinion type cutter (z0=

25

Involute length (mm)
Addendum, mn(hap*+x+k) (mm)

(mm)
Dedendum (mm)

(mm)
Tooth height (mm)
Virtual gear
Normal tooth thickness at tip circle (mm)

(mm)

Normal tooth thickness at tip form circle (mm)

(mm)
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[I_dFa-1 dFf] 3.169

[ha] 1.898

[ha.e/i] 1.898/ 1.885
[pf=mn*(hfP*-x)] 1.896
[hf.e/i] 1.970/ 2.011
[h] 3.794

no. of teeth [zn] 20.175
[san] 1.286
[san.e/i] 1.241/ 1.193
[sFan] 1.286
[sFan.e/i] 1.241/ 1.193
[efn] 0.000
[efn.e/i] 0.000/ 0.000
[pz] 241.117

[px] 16.074

[x] 0.6033

[sn*] 2.0100

[k*mn] -0.144

[d] 27.935

[db] 26.049

[da] 33.258

[da.e/i] 33.258 / 33.233
[Ada.e/i] 0.000/ -0.025
[dFa] 33.258
[dFa.e/i] 33.258 / 33.233
[df] 25.671

[XE.e/i] 0.5609/ 0.5374
[df.e/i] 25.523/ 25.441
[dF] 26.787
[dFf.e/i] 26.694 / 26.646
,X0= 0.000)

[ldFa-1 dFf] 3.729

[ha] 2.662

[ha.e/i] 2.662/ 2.649
[pf=mn*(hfP*-x)] 1.132
[hf.e/i] 1.206/ 1.247
[h] 3.793

no. of teeth [zn] 17.801
[san] 0.883
[san.e/i] 0.838/ 0.785
[sFan] 0.883
[sFan.e/i] 0.838/ 0.785
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Normal space width at root circle (mm) [efn] 0.000
(mm) [efn.e/i] 0.000/ 0.000
Gear 3
Lead height (mm) [pz] 787.648
Axial pitch (mm) [px] 16.074
Profile shift coefficient [x] -0.2547
Tooth thickness, arc, in module [sn*] 1.3854
Tip alteration (mm) [k*mn] 0.000
Reference diameter (mm) [d] 91.253
Base diameter (mm) [db] 85.093
Tip diameter (mm) [da] 88.645
(mm) [da.e/i] 88.645/ 88.610
Tip diameter allowances (mm) [Ada.e/i] 0.000/ -0.035
Chamfer 1/ Tip rounding in transverse section: 2, in axial section: 3,
In normal section: 4
1
Tip chamfer (mm) [hK] 0.077
Tooth tip chamfer angle (°) [0hK] 45.000
Tip form diameter (mm) [dFa] 88.798
(mm) [dFa.e/i] 88.798 / 88.763
Root diameter (mm) [df] 96.520
Generating Profile shift coefficient [XE.e/i] -0.3097/-0.3411
Generated root diameter with xE (mm) [df.e/i] 96.822/ 96.712
Root form diameter (mm) [dFf] 95.762
(mm) [dFf.e/i] 96.041/ 95.942
Internal toothing: Calculation dFf with pinion type cutter (z0=
32  ,x0= 0.000)
Involute length (mm) [l dFa-1 dFf] 3.776
Addendum, mn(hap*+x+K) (mm) [ha] 1.304
(mm) [ha.e/i] 1.322/ 1.304
Dedendum (mm) [hf=mn*(hfP*-xX)] 2.633
(mm) [hf.e/i] 2.729/ 2.784
Tooth height (mm) [h] 3.938
Virtual gear no. of teeth [zn] 58.151
Normal tooth thickness at tip circle (mm) [san] 1.535
(mm) [san.e/i] 1.467/ 1.418
without consideration of tip chamfer/tip rounding
Normal tooth thickness at tip form circle (mm) [sFan] 1.581
(mm) [sFan.e/i] 1.512/ 1.463
Normal space width at root circle (mm) [efn] 0.884
(mm) [efn.efi] 0.862/ 0.850

Gear specific pair data Gear pair 1, Gear 1

i



KISSsoft

Operating pitch diameter (mm) [dw] 32.938
(mm) [dw.e/i] 32.951/ 32.924
Active tip diameter (mm) [dNa] 35.454
(mm) [dNa.e/i]  35.454/ 35.429
Theoretical tip clearance (mm) [c] 0.437
Effective tip clearance (mm) [c.efi] 0.578/ 0.499
Active root diameter (mm) [dNT] 30.299
(mm) [dNfe/i]  30.320/ 30.286
Reserve (dNf-dFf)/2 (mm) [cF.e/i] 0.337/ 0.308
Max. sliding velocity at tip (m/s) [voa] 0.032
Specific sliding at the tip [Ca] 0.546
Specific sliding at the root [Cf] -2.439
Mean specific sliding [Cm] 0.645
Sliding factor on tip [Koa] 0.326
Sliding factor on root [Kgf] -0.505
Roll angle at dFa (°) [EdFa.e/i] 38.103/ 38.016
Roll angle to dNa (°) [EdNa.e/i] 38.103/ 38.016
Roll angle to dNf (°) [EdNfe/i] 13.414/ 13.117
Roll angle at dFf (°) [EdFfe/i] 5.722/ 5.279
Diameter of single contact point B (mm) [d-B] 34.435 ( 34.406/ 34.485)
Diameter of single contact point D (mm) [d-D] 30.784 ( 30.784/ 30.771)
Addendum contact ratio [€] 0.461 ( 0.464/ 0.454)

Gear specific pair data Gear pair 1, Gear 2

Operating pitch diameter (mm) [dw] 29.063
(mm) [dw.e/i] 29.074 / 29.051
Active tip diameter (mm) [dNa] 33.258
(mm) [dNa.e/i]  33.258/ 33.233
Theoretical tip clearance (mm) [c] 0.437
Effective tip clearance (mm) [c.efi] 0.578/ 0.499
Active root diameter (mm) [dNT] 27.209
(mm) [dNf.e/i] 27.238/ 27.193
Reserve (dNf-dFf)/2 (mm) [cF.efi] 0.296/ 0.249
Max. sliding velocity at tip (nvs) [voa] 0.021
Specific sliding at the tip [Ca] 0.709
Specific sliding at the root [Cf] -1.204
Mean specific sliding [Cm] 0.645
Sliding factor on tip [Kga] 0.505
Sliding factor on root [Kaf] -0.326
Roll angle at dFa (°) [EdFa.e/i]  45.482/ 45.393
Roll angle to dNa (°) [EdNa.e/i] 45.482/ 45.393
Roll angle to dNf (°) [EdNfe/i] 17.511/ 17.164
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Roll angle at dFf (°)

Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio

Gear specific pair data Gear pair 2, Gear 2

Operating pitch diameter (mm)
(mm)

Active tip diameter (mm)
(mm)

Theoretical tip clearance (mm)

Effective tip clearance (mm)

Active root diameter (mm)
(mm)

Reserve (dNf-dFf)/2 (mm)

Max. sliding velocity at tip (mv/s)

Specific sliding at the tip

Specific sliding at the root

Mean specific sliding

Sliding factor on tip

Sliding factor on root

Roll angle at dFa (°)

Roll angle to dNa (°)

Roll angle to dNf (°)

Roll angle at dFf (°)

Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio

Gear specific pair data Gear pair 2, Gear 3

Operating pitch diameter (mm)
(mm)
Active tip diameter (mm)
(mm)
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Active root diameter (mm)
(mm)
Reserve (dNf-dFf)/2 (mm)
Max. sliding velocity at tip (rmvs)
Specific sliding at the tip
Specific sliding at the root

viii

[EdFfe/i]
[d-B]
[d-D]

[£]

[dw]
[dw.e/i]
[dNa]
[dNa.e/i]
[c]
[c.efi]
[dNf]
[dNf.e/i]
[cF.efi]
[voa]
[Ca]

[Cf]

[Cm]
[Kga]
[Kgf]

[EdFa.e/i]
[EdNa.e/1]
[EdNTfe/i]
[EdFfe/i]
[d-B]
[d-D]

€]

[dw]
[dw.e/i]
[dNa]
[dNa.e/i]
[c]
[c.efi]
[dANf]
[dNf.e/i]
[cF.e/i]
[voa]
[Ca]

[Cf]

KISSsoft

12.835/ 12.333

27.820 ( 27.820/ 27.805)
32.108 ( 32.075/ 32.167)
0.714 ( 0.716/ 0.708)

27.353
27.342 | 27.364
33.258
33.258 / 33.233
0.631
0.807/ 0.714
26.840
26.860/ 26.791
0.107/ 0.048
0.003
0.414
-0.201
0.381
0.313
-0.048

45.482 | 45.393

45.482 | 45.393

14.406 / 13.776

12.835/ 12.333

31.314 ( 31.201/ 31.360)
27.820 ( 27.820/ 27.805)
1.130 ( 1.127/ 1.130)

89.353
89.389/ 89.317
88.798
88.798 / 88.763
0.487
0.615/ 0.531
93.853
93.888 / 93.802
1.120/ 1.027
0.017
0.168
-0.706
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Mean specific sliding [Cm] 0.381

Sliding factor on tip [Kga] 0.048

Sliding factor on root [Kof] -0.313

Roll angle at dFa (°) [EdFa.e/i] 17.008/ 17.091

Roll angle to dNa (°) [EdNa.e/i] 17.008/ 17.091

Roll angle to dNf (°) [EdNfe/i] 26.577/ 26.714

Roll angle at dFf (°) [EdFfe/i] 29.840/ 29.984

Diameter of single contact point B (mm) [d-B] 92.510 ( 92.462/ 92.510)
Diameter of single contact point D (mm) [d-D] 89.797 ( 89.823/ 89.758)
Addendum contact ratio [€] 0.172( 0.194/ 0.161)

General influence factors

------- Gear1l --------- Gear 2 ----

----- Gear 3 ---
Nominal circum. force at pitch circle (N) [Ft] 1901.731 1901.731
Axial force (N) [Fa] 692.2 6922 6922
Total axial force (N) [Fatot=Fa* 3 ]

2076.5 2076.5
Radial force (N) [Fr] 736.596 736.596
Normal force (N) [Fnorm] 2153.7 2153.7 2153.7
Nominal circumferential force per mm (N/mm) [w] 100.09 100.09
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 1827.930 1942.176
Axial force (N) [Fa] 692.2
Axial force (N) [Fa] 692.2 / 692.2
Axial force (N) [Fa] 692.2
Total axial force (N) [Fatot=Fa* 3 ]

2076.5 2076.5
Radial force (N) [Fr] 904.337 622.179
Circumferential speed reference circle (nvs) V] 0.06 (Planet)
Running-in value (um) [yp] 0.487  0.525
Running-in value (um) [yf] 0.412  0.487
Gear blank factor [CR] 1.000 1.000
Correction factor [CM] 0.800  0.800
Basic rack factor [CBS] 0975 0.975
Material coefficient [E/Est] 1.000  1.000
Singular tooth stiffness (N/mm/pm) [c] 12.090 14.451
Meshing stiffness (N/mm/pm) [cya] 13.674 17.728
Meshing stiffness (N/mm/pm) [cyB] 11.623  15.069
Reduced mass (kg/mm) [mRed] 0.0009 0.0029
Resonance speed (min-1) [nE1] 70766 49870
Resonance ratio (-) [N] 0.001  0.001
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Running-in value (pm) [ya] 0.487  0.525
Planet runs on rolling bearings. Planet pin fixed on both sides in the carrier..

Ipa (mm)=24.70 b (mm) = 19.00dsh (mm) = 13.97

Tooth trace deviation (active) (um) [FBy] 2.98 3.96
from deformation of shaft (um) [fsh*B1] 3.49 0.63
(fsh(um)=3.49 /063 ,B1= 1.00 / 1.00 , fHBS (um) =5.00 / 5.50 )
Tooth trace 0 0

(0: without, 1: crowned, 2: end relief, 3: full modification)
(4: slightly crowned, 5: helix angle modification, 6: helix angle modification with crowning)

from production tolerances (um) [fma*B2] 9.90 10.26
B2=1.00 / 1.00
Tooth trace deviation, theoretical (pm) [FPBx] 3.50 4.66
Running-in value yp (um) [vB] 0.53 0.70
Dynamic factor [Kv=max(Kv12,Kv23)] 1.00
[Kv12,Kv23] 1.00 1.00
Face load factor - flank [KHp] 1.14
1.24
- Tooth root [KFp] 1.11 1.19
- Scuffing [KBp] 1.14 1.24
Transverse load factor - flank [KHa] 1.15 1.22
- Tooth root [KFa] 1.15 1.22
- Scuffing [KBa] 1.15 1.22
Number of load cycles (in mio.) [NL] 98.8 37.3 34.3

Tooth root load capacity

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

01
Internal toothing: Calculation of YF, YS with pinion type
cutter, z0=
32 x0=
0.000, paP0*=  0.380
------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
Calculated with generating profile shift coefficient [xE.e] 0.1242 0.5609
-0.3097
Tooth form factor [YF] 191
[YF] 1.46 /1.21
[YF] 1.18
Stress correction factor [YS] 1.77
[YS] 2.10 /2.28



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

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

hF* =1.338 /1.284 /1.036 / 1.585sFn* =2.018 /2.215/

pF* = 0.529/0.413/0.413/0.529 dsFn =28.388 /
asFn =30.0 /30.0 /30.0 /60.0

-96.501

Helix angle factor
Deep tooth factor
Gear rim factor
Effective facewidth (mm)
(mm)
(mm)
Nominal stress at tooth root (N/mmg)
(N/mmg)
(N/mrg)
Tooth root stress (N/mme)
(N/mne)
(N/mmg)

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/mn?)

Permissible tooth root stress (N/mn¥)
Permissible tooth root stress (N/mmg)
Permissible tooth root stress (N/mmmy)
Limit strength tooth root (N/mm?)
Limit strength tooth root (N/mm?)
Limit strength tooth root (N/mn®)
Required safety

Ixi

[YB]
[YDT]
[YB]
[beff]
[beff]
[beff]
[cFO0]
[cFO0]
[cFO0]
[oF]
[oF]
[oF]

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

[YM]
[Yst]
[6FE]

[cFP=cFG/SFmin]
[cFP=cFG/SFmin]
[cFP=cFG/SFmin]

[6FG]
[6FG]
[cFG]
[SFmin]

KISSsoft

2.13
2.34
2.25 /1.81
2.77
24.63
29.10 /26.22
19.32
3.53
3.88 /3.88
4.97
0.93
0.72 /0.72
0.93
2.215/2.840
26.079/ 26.079 /
0.83 0.83
1.00 1.00

1.00 1.00 1.00
20.00

19.00 /19.00
20.00
152.60
146.03 /131.08
114.20
242.98
232.52 [238.17
207.50
0.994
1.002 /1.002
1.002
0.957 0957  0.957
1.000 1.000  1.000
0932 0951 0.952
1.000 0.700  1.000
2.00
860.00 860.00 860.00
544.74
391.79 /391.79
560.68

762.63
548.50 /548.50
784.96
1.40 1.40 1.40



Safety for tooth root stress
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[SF=cFG/cF] 3.14

[SF=cFG/cF] 2.36 /2.30
[SF=cFG/cF] 3.78
Transmittable power (W) [WRating] 1044.74
(W) [WRating] 785.22 /766.58
(W) [WRating] 1259.20
Flank safety
------- Gear1 --------- Gear 2 ----
----- Gear 3 ---
Zone factor [ZH] 2.10 2.61
Elasticity factor (VN/mm?) [ZE] 189.81 189.81
Contact ratio factor [Zg] 0.923 0.876
Helix angle factor [ZB] 1.032  1.032
Effective facewidth (mm) [beff] 19.00  19.00
Nominal contact stress (N/mimg) [cHO] 984.42 705.43
Contact stress at operating pitch circle (N/mn?) [cHw] 1258.18 971.22
Single tooth contact factor [ZB,ZD] 1.00 1.00 /1.00 1.00

Contact stress (N/mn¥)

Lubrication factor for NL

Speed factor for NL

Roughness factor for NL

Material hardening factor for NL

Finite life factor

Limited pitting is permitted: No
Size factor (flank)

[cHB, cHD] 1258.18 1258.18 /971.22
971.22

[ZL] 1.020  1.019/1.019 1.019
[ZV] 0.936  0.939/0.939 0.940
[ZR] 0.936  0.939/0.952 0.953
[ZW] 1.000  1.000/1.000 1.000
[ZNT] 0979 1.022 1.029
[ZX] 1.000  1.000  1.000

Permissible contact stress, GHG/SHmin (N/mm?) [cHP] 1312.77 1377.75 /1397.61

Pitting stress limit (N/mm?)

1408.52

[cHG] 1312.77 1377.75 /1397.61
1408.52

Required safety [SHmIn] 1.00 1.00 1.00
Safety factor for contact stress at operating pitch circle [SHw] 1.04 110 /144
1.45

Safety for stress at single tooth contact
Safety regarding transmittable torque

Transmittable power (W)
980.15

Micropitting according to

[SHBD=cHG/cHBD]  1.04 1.10 /1.44
1.45

[(SHBDY*2] 1.09  1.20 /2.07 2.10
[WRating] 507.33 558.80 /965.03

ISO/TS 6336-22:2018
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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 for scuffing [KBy] 1.19 1.22
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 (pm) [Ca] 2.00 2.00 /2.00 2.00
Optimal tip relief (um) [Ceff] 9.15

7.06

Ca taken as optimal in the calculation (0=no, 1=yes) 0 0/0 0
Effective facewidth (mm) [beff] 19.000 19.000
Applicable circumferential force/facewidth (N/mm) [wBt] 163.500

189.722

()KBy= 1.194, wBt*KBy =195.254
(2)KBy= 1221, wBt*KBy =231.605

Angle factor [Xap] 1.056  0.933

Flash temperature-criteria

Lubricant factor [XL] 0.830  0.830

Tooth mass temperature (°C) [OM] 76.65  73.02
OMi = Qoil + XS*0.47*Xmp*0flm

Average flash temperature °C) [06flm] 7.08

3.22

Scuffing temperature (°C) [0S] 348.80 348.80

I coordinates (point of highest temperature) [T] -0.533 1478
Q) [[.A]=0.344 [T.E]= -0.533

2 [[.A]=1.478 [I.E]= -0.225

Highest contact temp. (°C) [0B] 9482 8104

Flash factor (°K*N”/-.75*s”.5*nm*-.5*mm) [XM] 50.058 50.058

Approach factor [XJ] 1.000 1.066

Load sharing factor [XT] 1.000 0.973

Dynamic viscosity (mPa*s) MM] 4190 41.90 (

70.0 °C)
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Coefficient of friction [um] 0.150 0.149

Required safety [SBmin] 2.000

Margin of safety for scuffing, flash temperature [SB] 11.233 25.264

Integral temperature-criteria

Lubricant factor [XL] 1.000

Tooth mass temperature (°C) [OMC] 81.10 74.68
OMC = foil + XS*0.70*0flaint

Mean flash temperature (°C) [Bflaint] 7.93

3.34

Integral scuffing temperature (°C) [0Sint] 360.78 360.78

Flash factor (°K*N”/-.75*s”.5*nm*-.5*mm) [XM] 50.058 50.058

Running-in factor, well run in [XE] 1.000  1.000

Contact ratio factor [Xe] 0.340  0.350

Dynamic viscosity (mPa*s) [MO1il] 4190 41.90

Mean coefficient of friction [um] 0.207  0.182

Geometry factor [XBE] 0.453  0.153

Meshing factor [XQ] 1.000 0.600

Tip relief factor [XCaq] 1.158  1.401

Integral tooth flank temperature (°C) [Oint] 9299 79.70

Required safety [SSmin] 1.800

Safety factor for scuffing (intg.-temp.) [SSint] 3.88 4.53

Safety referring to transmittable torque [SSL] 12.65  29.99

Measurements for tooth thickness

Gear 1 Gear 2
Gear 3
Tooth thickness tolerance DIN 3967 cd25 DIN
3967 cd25 DIN 3967 cd25
Tooth thickness allowance (normal section) (mm)  [As.e/i]-0.054 /-0.084-0.054 /-0.084 -
0.070/ -0.110
Number of teeth spanned [Kk] 3.000 3.000 -0.000
(Internal toothing: k = (Measurement gap number)
Base tangent length (no backlash) (mm) [WK] 13.612 14.077 -0.000
Base tangent length with allowance (mm) [Wk.e/i]13.562 /13.53414.026 / 13.998 -
0.000/ -0.000
Diameter of measuring circle (mm) [dMWk.m] 32.189 29.234 -0.000
Theoretical diameter of ball/pin (mm) [DM]  3.136 3.700 2.935
Effective diameter of ball/pin (mm) [DMeff] 3.250 3.750 3.000
Radial single-ball measurement backlash free (mm) [MrK] 18.521 17.888
43.961
Radial single-ball measurement (mm) [MrK.e/i]18.466 / 18.43517.842 /17.817
44.114 /44.059
Diameter of measuring circle (mm) [dMMr.m] 32.286 29.998 92.231
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Diametral measurement over two balls without clearance (mm)[MdK] 36.898 35.602
87.875
Diametral two ball measure (mm) [MdK.e/i]36.787 / 36.72635.510 /35.458

88.181 /88.071
Measurement over pins according to DIN 3960 (mm)[MdR.e/i]36.931 /36.86935.685 /35.633-

0.000/ -0.000
Measurement over 2 pins, free, according to AGMA 2002 (mm)[dk21f.e/i]36.762 / 36.701
35.473 /35.4220.000 /0.000

Measurement over 2 pins, transverse, according to AGMA 2002 (mm)
[dk2t.e/i]137.069 / 37.00735.850 /35.798
0.000 /0.000

Measurement over 3 pins, axial, according to AGMA 2002 (mm)
[dk3A.e/i]36.931 / 36.86935.685 /35.633 -

0.000/ -0.000
Measurement over 3 pins with allowance (mm) [Md3R.e/i]0.000/ 0.0000.000/ 0.000 -
0.000/ -0.000
Note: Internal gears with helical teeth cannot be measured with rollers.
Chordal tooth thickness in reference circle (mm) [sc] 2.958 3.510 2.424
(mm) [sc.e/i]12.905 /2.876 3.458 /3.4292.354 /
2.313
Reference chordal height from da.m (mm) [ha] 1.952 2.753 1.299
Tooth thickness, arc (mm) [sn] 2.961 3.517 2.424
(mm) [sn.e/i]2.907 /2.877 3.463 /3.4332.354 /
2.314
Backlash free center distance (mm) [aControl.e/i]30.878 / 30.81031.196 /
31.302
Backlash free center distance, allowances (mm) [jta] -0.122/-0.190  0.196 /0.302
dNf.i with aControl (mm) [dNfO.i] 30.115 26.970 / 26.427
94.667
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO.i] 0.223 0.138 / -0.134
0.637
Tip clearance (mm) [cO.i(aControl)] 0.321 0.321 / 0.531
0.242
Center distance allowances (mm) [Aa.e/i] 0.013/-0.013 -0.013/0.013
Circumferential backlash from Aa (mm) [jtw_Aa.e/i]0.012 /-0.012 0.008 /-0.008
Radial backlash (mm) [jrw] 0.203 /0.109 0.314/0.183
Circumferential backlash, transverse section (mm) [jtw]0.198 / 0.1070.210 /
0.121
Normal backlash (mm) [jnw] 0.166 /0.093 0.191/0.108

Torsional angle on input with output fixed:
Total torsional angle (°) [j.tSys] 0.3592/0.2302

Toothing tolerances
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------- Gear1 --------- Gear 2 ----

----- Gear 3 ---

According to ISO 1328-1:1995, 1SO 1328-2:1997

Accuracy grade [Q] 6 6 6
Single pitch deviation (um) [fptT] 7.00 7.00 7.50
Base circle pitch deviation (um) [fpbT] 6.50 6.50 7.00
Sector pitch deviation over k/8 pitches (um) [Fpk/8T] 9.50 7.00 13.00
Profile form deviation (um) [ffoT] 5.50 5.50 6.50
Profile slope deviation (pm) [fHoT] 4.60 4.60 5.50
Total profile deviation (um) [FaT] 7.50 7.50 8.50
Helix form deviation (um) [fiBT] 7.00 7.00 7.50
Helix slope deviation (um) [fHBT] 7.00 7.00 7.50
Total helix deviation (um) [FBT] 10.00 10.00 11.00
Total cumulative pitch deviation (um) [FpT] 20.00 20.00  26.00
Runout (pm) [FrT] 16.00 16.00 21.00
Single flank composite, total (um) [FisT] 31.00 31.00 38.00
Single flank composite, tooth-to-tooth (pm) [fisT] 11.00 11.00

12.00

Radial composite, total (um) [FidT] 26.00 26.00 31.00
Radial composite, tooth-to-tooth (um) [fidT] 9.50 9.50 9.50

FidT (Fi"), idT (fi") according to 1ISO 1328:1997 calculated with the geometric mean values
for mn and d

Axis alignment tolerances (recommendation acc. to ISO TR 10064-3:1996, Quality)
6

Maximum value for deviation error of axis (um) [fXp] 6.50 6.50

Maximum value for inclination error of axes (um) [£25] 13.00

13.00
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 (kg) [m] 0.120 0.075 0.434
Total mass (kg) [mGes] 0.780

Moment of inertia for system, relative to the input:
calculation without consideration of the exact tooth shape
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Single gears (da+df)/2...di (kg*ng) [J] 1.544e-05 1.027e-05
0.001121
System (da+df)/2...di (kg*mge) [J] 4.312e+23
Torsional stiffness at driving gear with fixed driven gear:
Torsional stiffness (MNm/rad) [cr] 0.621
Torsion when subjected to nominal torque (°)  [dcr] 0.024
Mean coefficient of friction (as defined in Niemann) [um]  0.123 0.118
Wear sliding coef. by Niemann [Cw] 0.758  0.261
Loss factor [HV] 0.228 0.154
Meshing power (W) 345.981 345.981
Gear power loss (W) [PVZ] 3.220 2.098
Total power loss (W) 15.956
Total efficiency 0.966
Sound pressure level according to Masuda, without contact analysis

[dB(A)] 29.4 31.3

Indications for the manufacturing by wire cutting:
Deviation from theoretical tooth trace (um) [WireErr] 376.1 4258 1310
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 [SHmIn] 1.00

Service life (calculated with required safeties):

System service life (h) [Hatt] 59921

Tooth root service life (h) [HFatt] le+06 1e+06  1le+06
Tooth flank service life (h) [HHatt] 5.992e+04 1.586e+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 0.0000 0.0000 25.0331 9.4569 0.0000
Damage calculated on basis of system service life [Hatt] ( 59920.7 h)

F1% F2% F3% H1% H2% H3%
0.00 0.0000 0.0000 100.0000 37.7778 0.0000

Reliability calculation
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Calculation method according to B. Bertsche, Reliability in Automotive and Mechanical
Engineering,
Springer Verlag Berlin Heidelberg 2008

Reliability of material data for cHiim, (%) [RoHIim] 99.00

Reliability of material data for criim, (%) [RoFiim] 99.00

Calculation of coefficients for reliability R(t)

R(t) =100 * [Exp(-((t*fac - tO)/(T - t0))"b)]"p %

Gear [Type fac b t0 T R(H)

-1 [ [cycles/h] — |[-] [-] [cycles] [%]

1 Tooth 6585 1.7 0.654e+29 |1.484e+30 |100.00
root

1 Tooth 6585 1.3 3.557e+08 [1.695e+09 |100.00
flank

2 Tooth 2488 1.7 0.654e+29 [1.484e+30 [100.00
root

2 Tooth 2488 1.3 3.557e+08 [1.695e+09 |100.00
flank

3 Tooth 2285 1.7 0.654e+29 1.484e+30 |100.00
root

3 Tooth 2285 1.3 9.014e+29 4.295e+30 |100.00
flank

fac = Number of load cycles per hour

b = Weibull shape parameter

t0 = Number of failure-free load cycles

T = Characteristic service life (in load cycles) for 63.2% failure probability
R(H) = Reliability for required service life

Required service life (h)

Reliability R, tooth roots subsystem (%)
Reliability R, tooth flanks subsystem (%)
Reliability R, gears subsystem (%) [Rsub]

[Hmin] 15000.00
[Rsu] 100.00
[Rsub] 100.00
100.00
Required reliability (%) 99.00
Service life H, tooth roots subsystem (h)
Service life H, tooth flanks subsystem (h) [Hsuo] 59920.70
Service life H, gears subsystem (h) [Hsub] 59920.70

[Rmin]
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Remarks:
- Specifications with [.e/i] imply: Maximum [e] and minimum value [i] for

Taking all tolerances into account

Specifications with [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness allowance
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 1SO 6336-2:2008 with Zf3 = 1/(COS(B)"0.5)
- Details of calculation method:

cy according to Method B

Kv according to Method B

KHp and KFp 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,

ISO 6336-1:2006

Literature: Journal "Antriebstechnik”, 6/2007, p.64.

KHa, KFa according to Method B
- The logarithmically interpolated value taken from the values for the fatigue strength and the
static strength, based on the number of load cycles, is used for coefficients ZL, 2V, ZR, ZW,
ZX, YdrelT, YRrelT and YX..
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_0.Stage2.Carrier.Planet.Planet_calc

Important hint: At leastone warning has occurred during the calculation:

1->The required service life of bearing 'Rolling bearing 'cBearing' is not achieved!

2-> For shaft with internal diameter the notch factors are not available.
None of the known calculation methods produces reliable data. It is proposed to
use the data for the full shaft and to judge the results conservatively.

3-> Calculation method DIN743:

This method is not useful for the strength analysis of shafts
which are mainly loaded with shear forces!

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002
Label Pin

Drawing

Initial position (mm) 0.000
Length (mm) 28.000
Speed (1/min) 12.69
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/ne) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (g) 24.795
Weight of shaft, including additional masses (g) 24.795
Mass moment of inertia (kg*mm?2) 0.446
Momentum of mass GD2 (Nnv) 0.000
Label Planet

Drawing
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Initial position (mm) 5.000
Length (mm) 18.000
Speed (1/min) 28.77
Direction of rotation: clockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/me) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (g) 23.799
Weight of shaft, including additional masses (g) 23.799
Mass moment of inertia (kg*mmg?) 2.787
Momentum of mass GD2 (N ng) 0.000

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

Shear correction factor 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value

Reference temperature (°C) 20.000

Figure: Load ap'plications
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Shaft definition (Pin)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 28.000 mm
Diameter (mm) [d] 12.0000
Length (mm) [ 28.0000
Surface roughness (um) [RZ] 8.0000
Bearing

Label in the model Supportl

Bearing type Own Input

Bearing position (mm) [Viokal] 2.000
Bearing position (mm) [Ygtobar] 2.000

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

Label in the model Support2

Bearing type Own Input

Bearing position (mm) [Viokal] 26.000
Bearing position (mm) [Yglobal] 26.000

Degrees of freedom

X: fixedY: freeZ: fixed

Rx: freeRy: freeRz: free

Shaft definition (Planet)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 18.000 mm
Diameter (mm) [d] 24.0000
Length (mm) [ 18.0000
Surface roughness (um) [RZ] 8.0000

Inner contour
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Cylindrical bore (Cylindrical bore) 0.000 mm ...

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [RZ]

Forces

Type of force element

Label in the model

Position on shaft (mm) [Viocai]
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 (N m)

Bending moment Z (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocal]
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

INA NK12/16-XL (cBearing)
Shaft 'Pin' <-> Shaft 'Planet'

Dexiii
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18.000 mm
19.0000
18.0000

8.0000

Cylindrical gear
z5(-0.0)
9.0000
[gtobal] 14.0000
27.3529
19.6156 left
16.7918
-0.0000
19.0000
0.0817 driven (input)
27.1042
706.2994
-634.8775
-1981.8115
0.0000
9.6597

Cylindrical gear
z5(180.0)
9.0000
[yglobal] 14.0000
29.0625
20.7399 left
24.8287
180.0000
19.0000
0.0817 driving (output)
-27.1042
-706.2994
922.7926
-1865.2346
0.0000
10.2634

14.000 mm
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d =12.000 (mm), D= 19.000 (mm), b= 16.000 (mm), r= 0.000 (mm)
C= 10.100(kN), C0=11.000  (kN),Cu= 1.950 (kN)

Ctheo =  10.100 (kN), COtheo = 11.000 (kN)

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

Calculation with approximate bearings internal geometry (*)

Z=10 , Dpw =14.446  (mm), Dw =2.446 (mm)

Lwe = 12.303  (mm)

Diameter, external race (mm)  [do] 16.909
Diameter, internal race (mm)  [di] 11.984
Bearing clearance DIN 620:1988 CO0 (32.50 um)
Results

Shaft

Maximum deflection  37.495(um) (Planet pos = 5.000 mm)

Mass center of gravity

Pin(mm) 14.000

Planet (mm) 9.000

Total axial load

Pin(N) 0.000

Planet (N) -0.000

Torsion under torgue

Pin(°) -0.000

Planet (°) -0.000

Bearing

Probability of failure [n] 10.00 %

Axial clearance (ISO 281) [ua] 10.00 pm
Lubricant ISO-VG 220

Lubricant - service temperature [Tg] 70.00 °C

Rolling bearing stiffness calculated from internal geometry

Shaft 'Pin' Bearing 'Supportl’
Position (Y-coordinate) vl 2.00 mm
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Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment

Displacement
Displacement
Displacement
Displacement
Misalignment
Misalignment
Misalignment
Misalignment

of bearing
of bearing
of bearing
of bearing
of bearing
of bearing
of bearing
of bearing

Shaft 'Pin’ Bearing 'Support2’
Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force

Displacement
Displacement
Displacement
Displacement
Misalignment

Misalignment
Misalignment

Misalignment

of bearing
of bearing
of bearing
of bearing
of bearing

of bearing
of bearing

of bearing

Rolling bearing ‘cBearing’
Position (Y-coordinate)
Dynamic equivalent load
Static equivalent load

-1.015
[Fy] 0.000
[FZ] 2.559
[Fr] 2.753
[MX] 15.26
[My] -0.00
[MZ] 0.98
[Mr] 15.30
[ux]
[uy]
[uc]
[ur]
[rx]
[ry]
[r2]
[rr]

[Fx]

[y] 26.00
[FX] 0.727
[Fy] 0.000
[FZ] 1.287
[Fr] 1.479
[ux]

[uy]

[U]

[u]

[rx]

(1.54")

[ry]

[r]

(0.15)

[rr]
(1.54")

vl 14.00
[P] 3.86
[Po]

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

Results according to 1SO 281:
Lubricant
Load ratio

ISO-VG 220
[C/P]

Ixxv
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KN
kN
KN
KN (111.63°)
Nm
Nm
Nm
Nm (3.69°)
0.000 pm
0.000 pm
0.000 pm
0.000 pm
0.000 mrad ()]
0.000 mrad (o))}
0.000 mrad ()]
0.000 mrad ()]
mm
kN
KN
kN
KN (60.54°)
0.000 pm
-0.000 pm
0.000 pm
0.000 pm
0.447 mrad
0.000 mrad ()]
0.043 mrad
0.449 mrad
mm
kN
3.86 kN
[hmin] 0.003 pm
1.000
2.618
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Operating viscosity [v] 48.884 mm¥/s
Reference viscosity [vi] 0.000 mme/s
Viscosity ratio [x] 0.000
Basic bearing rating life [Lnn] 9.9438e+03 h
Static safety factor [So] 2.85
Operating bearing clearance [Pd] 32.500 pm
Reference rating life [Lnrn] 7.9217e+03 h
Bearing reaction force [FX] 0.288 kN
Bearing reaction force [Fy] -0.000 kN
Bearing reaction force [FZ] -3.847 kN
Bearing reaction force [Fr] 3.858 kN(-85.72°)
Bearing reaction moment [Mx] -0.00 Nm
Bearing reaction moment [My] 0.00 Nm
Bearing reaction moment [MZ] 19.92 Nm
Bearing reaction moment [Mr] 19.92 Nm(90°)
Oil level [H] 0.000 mm
Load-independent moment of friction [Mo] 0.000 Nm
Load-dependent moment of friction [M1] 0.030 Nm
Moment of friction, cylindrical roller bearing[M2] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994
Torque of friction [Mioss] 0.030 Nm
Power loss [Pross] 0131 W
The moment of friction is calculated according to the details in SKF Catalog 1994.
Displacement of bearing [ux] -3.081 pm
Displacement of bearing [uy] -1.110 pm
Displacement of bearing [u] 27.474 pm
Displacement of bearing [ur] 27.646 um (96.4°)
Misalignment of bearing [rx] -0.175 nmrad (-
0.6")
Misalignment of bearing [ry] 0.000 mrad (o))
Misalignment of bearing [rz] -0.655 mrad (-
2.25")
Misalignment of bearing [rr] 0.678 mrad

(2.33)

(*) 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 (%) [Lreq] ( 15000.000 )
Bin no B1
1150.85
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>150.85

Utilization (%) [Lreq] ( 15000.000 )
Bl

113.13

Note: Utilization = (Lreg/Lh)*(1/K)

Ball bearing: k = 3, roller bearing: k = 10/3

B 1 : cBearing (Connecting rolling bearing)

Calculation of the factors required to define reliability R(t) using the Weibull distribution.
tin (h):
Calculation method: Bertsche

Bearing p fac b t0 T R(H)%
1 Bearing 3753 135 [7.463e+06 1.656e+08 [81.49
Reliability of the configuration for required service life (%) 99.00

| Components - Y-component
\ —— Components - Arbitrary plane
0.030 —

Displacement [mm)]

Axial direction Y [mm]

Figure: Deformation (bending etc.) (Arbitrary plane 289.0654554 124)
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— Equivalent stress (GEH)
120 — —— Equivalent stress (SSH)
110 —
100 —|
90 —|
80 —

70 —

60 —

Stress [N/mm?]

50 — N

40 — NN
30 — Z \N
20 — Y N

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
with finite life fatique strength according to FKM standard and FVA draft

Summary

Planet

Material C45 (1)

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

Calculation of finite life fatigue strength and static strength

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

Cross section Position (Y-Coord) (mm)

A-A 9.00 Interference fit

Results:

Cross section Bo KFo K2d SD SS
A-A 2.24 1.00 0.92 8.05 17.40
Required safeties: 1.20 1.20
Abbreviations:

Bo: Notch factor, bending
KFo: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

Service life and damage

System service life (h) [Hatt] 1000000.00
Damage to system (%) [D] 0.00
Damage (%) [H] (15000.0 h)

Damage to shaft (%) [D]

Planet: 0.000

Damage to cross sections (%) [D]
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A-A: 0.00

Calculation of the factors required to define reliability R(t) using the Weibull distribution.
tin (h):
Calculation method: Bertsche

Shaft|p fac b t0 T R(H)%
1 Shaft 761528327| 150 [6.944e+14  |1.473e+15 97.50
2  |Shaft 761528327 150 [6.944e+14  [1.473e+15 |97.50
Reliability of the configuration for required service life (%) 99.00

Utilization (%)  [Smin/S]

Cross section Static Endurance
A-A 6.897 14.903

Maximum utilization of shafts (%)
[A]
Planet: 14.903



100 — 2 —— Utilization - static
90 —|
80 —|
70 —|
= 60
= |
= 50 —
N 1
35 40 7
30 —|
20 — 7
1 AN 74
/ e
1w /|
4 4 It T
/ _— = B
0 T | Dl T L T T
d Q T
& S o° »
i Axial direction Y [mm]

Utilization = Smin/S (%)

Figure: Strength (nominal load)

Calculation details

General statements

Label Planet

Drawing

Length (mm) [ 18.00
Speed (1/min) [n] 28.77
Material C45 (1)

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

KISSsoft

Tension/Compression Bending Torsion Shearing

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]

xxxi
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oB according to DIN 743 (at dB) (N/mn®) [cB]
oB according to DIN 743 (at dB) (N/mn?) [cS]
[czdW], beidB (N/mm?) 280.00
[cbW], bei dB (N/mmg)
[ttW], beidB (N/mn®) 210.00
Thickness of raw material (mm) [dWerkst] 25.00

Material data calculated according DIN743/3 with K1(d)
Material strength calculated from size of raw material
Geometric size factor K1d calculated from raw material diameter

[oBeff] (N/mm?) 664.72
[oSeff] (N/mm?) 457.71
[6bFK] (N/mm?) 503.48
[®tFK] (N/mm?) 264.26
[cbBRand] (N/mm?) 628.00
[02zdW] (N/mm?) 265.89
[cbW] (N/mm?) 332.36
[ttW] (N/mm?) 199.42
Fatigue strength for single stage use

Required life time [H] 15000.00
Number of load cycles (Mio) [NL] 25.892
Data of S-N curve (Woehler line) analog to FKM standard:

[ko, k1] 5 8

[kDa, kD1] 0 O
[NDo, NDt] 1e+06 1le+06
[NDoIl, NDII] 0 O

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

Cross section "A-A" Interference fit

Comment

Position (Y-Coordinate) (mm) v] 9.000

External diameter (mm) [da] 24.000

Inner diameter (mm) [di] 19.000

Notch effect Interference fit
Characteristics: Firm interference fit

Mean roughness (pm) [R7] 8.000

KISSsoft

700.00
490.00

350.00

Tension/Compression Bending Torsion Shearing

Load: (N) (Nm)

Mean value [Fzdm, Mbm, Tm, Fqm] 0.003 0.000

0.000 0.000

Amplitude [Fzda, Mba, Ta, Fga] 0.003 14.028 0.000 1928.711

Maximum value [Fzdmax, Mbmax, Tmax, Fgmax] 0.011 23.848
0.000 3278.809
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Cross section, moment of resistance: (mnv?)

[A, Wb, Wt, A] 168.861 824.0751648.150 168.861

Stresses: (N/mnm?)

[6zdm, cbm, Tm, Tqm] (N/mm?) 0.000 0.000 0.000  0.000
[ozda, oba, ta, tqa] (N/mmn?) 0.000 17.023 0.000 22.641
[czdmax,cbmax,tmax,tqmax] (N/mm?) 0.000 28.939 0.000 38.489

Technological size influence [K1(cB)] 0.950
[K1(cS)] 0.934

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.265 2.265 1.465

[dB] (mm) = 40.0

Geometrical size influence [K3(d)] 0.972 0.972 0.987
Geometrical size influence [K3(dB)] 0.960 0.960 0.981

Notch effect coefficient [R] 2.237 2.237 1.456
Geometrical size influence [K2(d)] 1.000 0.922 0.922
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] 2.237 2425 1.579

Present safety for endurance limit:
Equivalent mean stress (N/mm?) [omV] 0.000
Equivalent mean stress (N/mn?) [tmV] 0.000

Fatigue limit of part (N/mm?) [cWK]118.885137.067126.298
Influence coefficient of mean stress sensitivity.

[woK] 0.098 0.115 0.105
Permissible amplitude (N/mm?) [cADK]118.664137.067126.153
Permissible amplitude (N/mm?) [cANK]118.664137.067126.153

Effective Miner sum [DM] 0.300 0.300 0.300
Density V] 0.000 0.000 0.000
Load spectrum factor [KKoll] 1.000 1.000 1.000
Safety against fatigue [S] 8.052
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 671.0

Present safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.000 1.100 1.000
Increase coefficient [YF] 1.000 1.000 1.000
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Yield stress of part (N/mn?) [cFK1457.710503.481264.259

Safety yield stress [S] 17.398
Required safety [Smin] 1.200
Result (%) [S/Smin] 1449.8
Remarks:

- 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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_0.Stage2.Stage2_calcO

Important hint: At leastone warning has occurred during the calculation:

1-> Only some of the entries for the internal geometry for bearing "SKF 61812" are present.
The other values will be approximated.

2-> Shaft 'Sun’:
the sum of torques is not zero.
AT =-60.207 Nm

3-> Shaft 'Carrier’, Rolling bearing 'RollerBearingl':

The minimal load of the bearing is not achieved!
(P= 0.0 kKN, Pmind = 0.1 kN, Condition: P/C >  1.000 %)

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002
Label Carrier

Drawing

Initial position (mm) 69.000
Length (mm) 62.000
Speed (1/min) 12.69
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm2) 206000.000
Poisson's ratio nu 0.300
Density (kg/me) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 0.763
Weight of shaft, including additional masses (kg) 0.763
Mass moment of inertia (kg*mm?) 495.663
Momentum of mass GD2 (Nng) 0.019
Label Ring
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Drawing

Initial position (mm) 65.000
Length (mm) 30.000
Speed (1/min) 0.00
Direction of rotation: clockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 0.650
Weight of shaft, including additional masses (kg) 0.650
Mass moment of inertia (kg*mmg?) 2253.791
Momentum of mass GD2 (Nnv) 0.088
Label Sun

Drawing

Initial position (mm) 50.000
Length (mm) 39.000
Speed (1/min) 49.28
Direction of rotation: counterclockwise
Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10n-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 0.129
Weight of shaft, including additional masses (kg) 0.129
Mass moment of inertia (kg*mmg?) 11.409
Momentum of mass GD2 (Nn¥?) 0.000

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

Shear correction factor 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value

Reference temperature (°C) 20.000

boxvi



Figure: Load applications

Shaft definition
Outer contour

Cylinder (Cylinder)
Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [RZ]

Inner contour

Cylindrical bore (Cylinder inside)
Diameter (mm) [d]

Length (mm) [

Surface roughness (um) [RZ]

Forces

Type of force element

Label in the model

Position on shaft (mm) [Viocai]
Position in global system (mm)
Effective diameter (mm)

(Carrier)

KISSsoft

0.000 mm ... 62.000 mm

0.000 mMm ...

boxvii

60.0000
62.0000
8.0000

62.000 mm
40.0000
62.0000

8.0000

Coupling
CarrrierCoupling(P lanetRing)
11.0000

[Yglobal]
70.0000

80.0000



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 (N m)

Mass (kg)

Mass moment of inertia Jp (kg*mg)
Mass moment of inertia Jxx (Kg*n?)
Mass moment of inertia Jzz (kg*m2)
Eccentricity (mm)

Type of force element

Label in the model

Position on shaft (mm) Viocal]
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 (N m)

Mass (kg)

Mass moment of inertia Jp (kg*n?)
Mass moment of inertia Jxx (kg*mg)
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)
Effective diameter (mm)

Radial force factor (-)

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

booxviii

0.0000
0.0000
0.0000
10.0000
0.2522
189.7293
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Coupling
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driving (output)

CarrrierCoupling(SunP lanet)

11.0000
[Yglobal]
70.0000
0.0000
0.0000
0.0000
10.0000
0.2281
171.6237
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Coupling

80.0000

driving (output)

Coupling(Boundary?)

54.0000

[)/global]
30.0000

0.0000
0.0000
0.0000

123.0000
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Length of load application (mm) 10.0000
Power (kW) 0.4803 driven (input)
Torque (Nm) -361.3530
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (N m) 0.0000
Bending moment Z (Nm) 0.0000
Mass (kg) 0.0000
Mass moment of inertia Jp (kg*n?) 0.0000
Mass moment of inertia Jxx (kg*m?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000

Bearing

Label in the model RollerBearingl

Bearing type SKF 61812

Bearing type Deep groove ball bearing (single row)
Bearing position (mm) [Viokal] 41.000

Bearing position (mm) [Ygtoba] 110.000
Attachment of external ring Fixed bearing

Inner diameter (mm) [d] 60.000
External diameter (mm) [D] 78.000

Width (mm) [b] 10.000

Corner radius (mm) [r] 0.300
Number of rolling bodies [Z] 21

Rolling body reference circle (mm) [Dpw] 69.000
Diameter rolling body (mm) [Dw] 5.556
Diameter, external race (mm)  [do] 74.565
Diameter, internal race (mm)  [di] 63.435

Radius of curvature, external race (mm) [ro] 2.945
Radius of curvature, internal race (mm) [ri] 2.889
Calculation with approximate bearings internal geometry (*)

Bearing clearance ISO 5753-1:2009 CO0 (18.00 pm)

Axial clearance Pe =140.28 pm
Basic static load rating (kN)  [Co] 11.000
Basic dynamic load rating (kN) [C] 11.400
Fatigue load limit (kN) [Cu] 0.465
Values for approximated geometry:
Basic dynamic load rating (KN) [Ctheo] 11.462
Basic static load rating (KN)  [Cotheo] 10.573
Correction factor Basic dynamic load rating

[fc] 1.000
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Correction factor Basic static load rating

[fco] 1.000
Shaft definition (Ring)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 30.000 mm
Diameter (mm) [d] 125.0000
Length (mm) [ 30.0000
Surface roughness (um) [RZ] 8.0000
Inner contour
Cylindrical bore (Cylindrical bore) 0.000 mm ... 30.000 mm
Diameter (mm) [d] 110.0000
Length (mm) [n 30.0000
Surface roughness (um) [RZ] 8.0000
Forces
Type of force element Coupling
Label in the model cBrake(Brake)
Position on shaft (mm) [Viocal] 5.0000
Position in global system (mm) [Yatobar] 70.0000
Effective diameter (mm) 100.0000
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) 0.0000 driving (output)
Torque (Nm) -271.0419
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*n?) 0.0000
Mass moment of inertia Jxx (Kg*ne) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000
Type of force element Cylindrical gear
Label in the model 22(0.0)
Position on shaft (mm) [Viocal] 15.0000

XC



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 (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocai]
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 (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocal]
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)

[Yglobal]
-89.3530
19.6156
16.7918
0.0000
20.0000
0.0000
90.3473
720.7137
647.8341
-2022.2567
-0.0000
32.1989

KISSsoft

80.0000

left

driven (input)

Cylindrical gear

22(120.0)
15.0000
[YQlobaI]
-89.3530
19.6156
16.7918
120.0000
20.0000
0.0000
90.3473
720.7137
1427.4087
1572.1692
-27.8851
-16.0995

80.0000

left

driven (input)

Cylindrical gear

22(240.0)
15.0000
[yglobal]
-89.3530
19.6156
16.7918
240.0000
20.0000
0.0000
90.3473
720.7137
-2075.2428
450.0876
27.8851
-16.0995

XCi

80.0000

left

driven (input)



Bearing
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Label in the model

Bearing type

Bearing position (mm) [Yiokar]
Bearing position (mm) [Ygtobal]

Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: freeRy: freeRz: free

Shaft definition (Sun)
Outer contour

Cylinder (Cylinder)

Diameter (mm) [d]

Length (mm) [

Surface roughness (um) [RZ]

Inner contour

Cylindrical bore (Cylinder inside) 0.000 mm ...

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [RZ]

Cylindrical bore (Cylinder inside) 31.000 mm ...

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

Forces

Type of force element

Label in the model

Position on shaft (mm) [Viocai]
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)

Xcii

Support4
Own Input

3.500
68.500

0.000 mm ... 39.000 mm

25.0000
39.0000
8.0000

31.000 mm
8.0000
31.0000
8.0000

39.000 mm
13.5000
8.0000
8.0000

Coupling
Coupling(CouplingCarrierSun)

5.0000

[Vglobal] 55.0000
40.0000

0.0000

0.0000

0.0000
10.0000

0.1553 driving (output)



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*n?)
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) [Viocai]
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 (N m)
Bending moment Z (N m)

Type of force element

Label in the model

Position on shaft (mm) [Viocat]
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

KISSsoft

30.1037
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Cylindrical gear
z1(0.0)
30.0000
[Ygtobal] 80.0000
32.9375
20.7399 right
24.8287
0.0000
20.0000
0.1553 driven (input)
-30.1037
692.1734
-904.3367
1827.9300
-0.0000
11.3992

Cylindrical gear
z1(120.0)
30.0000
[Vatobar] 80.0000
32.9375
20.7399 right
24.8287
120.0000
20.0000
0.1553 driven (input)
-30.1037
692.1734
-1130.8654
-1697.1436
-9.8720
-5.6996

Cylindrical gear

XCili



Label in the model
Position on shaft (mm)

[YIocaI]

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 (N m)

Bearing

Label in the model
Bearing type

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

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

Results

Shaft

Maximum deflection

Mass center of gravity
Carrier (mm)

Ring (mm)

Sun(mm)

Total axial load
Carrier (N)
Ring (N)

KISSsoft

21(240.0)

30.0000
[YQIobaI]
32.9375
20.7399
24.8287
240.0000
20.0000
0.1553
-30.1037
692.1734
2035.2022
-130.7864
9.8720
-5.6996

Support5
Own Input

[Viokat]
[Yglobal]

0.000(um) (Sunpos =

XCiv

3.500
53.500

89.000

31.000
15.000
18.800

0.000
2162.141

mm)

80.0000

right

driven (input)
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sun(N) 2076.520

Torsion under torque

Carrier (°) -0.011
Ring (°) 0.000
Sun(®) -0.049

Bearing

Probability of failure [n] 10.00 %

Axial clearance (1ISO 281) [ua] 10.00 pm
Lubricant ISO-VG 220

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

Shaft 'Carrier’ Rolling bearing 'RollerBearingl’

Position (Y-coordinate) [v] 41.00 mm

Dynamic equivalent load [P] 0.00 kN

Static equivalent load [Po] 0.00 kN

Minimum EHL lubricant film thickness [Pmin] -nan(ind)  pm
Spin to roll ratio [0 s/o roll]l  0.000

Life modification factor for reliability[ai] 1.000

Results according to 1SO 281.:

Lubricant ISO-VG 220

Load ratio [C/P] inf

Operating viscosity [v] 0.000 mnme/s
Reference viscosity [v1] 0.000 mme/s
Viscosity ratio [] 0.000

Basic bearing rating life [Lnn] 1.0000e+10 h

Static safety factor [So] 9999.99

Operating bearing clearance [Pd] 14.258 pm

Reference rating life [Larn] 1.3131e+09 h

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

Oll level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.009 Nm
Load-dependent moment of friction [M1] 0.000 Nm
Moment of friction, cylindrical roller bearing[M-] 0.000 Nm

Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

XCcV
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Torque of friction [Mioss] 0.009 Nm

Power loss [Ploss] 0.012 W

The moment of friction is calculated according to the details in SKF Catalog 1994.
Displacement of bearing [ux] -0.000 pm
Displacement of bearing [uy] -0.000 pm
Displacement of bearing [u] -0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] -0.000 mrad (o))
Misalignment of bearing [ry] -0.134 mrad (-
0.46")

Misalignment of bearing [rz] -0.000 mrad (o))
Misalignment of bearing [rr] 0.000 mrad (o))
Shaft 'Ring" Bearing 'Support4’

Position (Y-coordinate) vl 3.50 mm

Bearing reaction force [FX] -0.000 kN

Bearing reaction force [Fy] -2.162 kN

Bearing reaction force [FZ] -0.000 kN

Bearing reaction force [Fr] 0.000 kN

Displacement of bearing [ux] 0.000 pm
Displacement of bearing [uy] 0.000 pm
Displacement of bearing [u] 0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] 0.000 mrad (o))
Misalignment of bearing [ry] 0.000 mrad (0]
Misalignment of bearing [rz] -0.000 mrad (o))}
Misalignment of bearing [r] 0.000 mrad ()]
Shaft 'Sun' Bearing 'Support5’

Position (Y-coordinate) [yl 3.50 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] -2.077 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Displacement of bearing [ux] 0.000 pm
Displacement of bearing [uy] 0.000 pm
Displacement of bearing [u] 0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] -0.000 mrad ()]
Misalignment of bearing [ry] -0.076 mrad (-
0.26")

Misalignment of bearing [rz] 0.000 mrad (o))
Misalignment of bearing [rr] 0.000 mrad (o))

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

XCVi
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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 (%) [Lreq] ( 15000.000 )
Bin no B1
1 0.00

>~ 0.00

Utilization (%) [Lreq] ( 15000.000 )
Bl
1.14

Note: Utilization = (Lreg/Lh)"(1/k)

Ball bearing: k = 3, roller bearing: k = 10/3

B1: RollerBearingl
Calculation of the factors required to define reliability R(t) using the Weibull distribution.

tin (h):
Calculation method: Bertsche

Bearing |p fac b t0 T R(H)%
1 Bearing 0 110 |2.285e+06 7.297e+07 100.00
Reliability of the configuration for required service life (%) 99.00
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Components - Y-component
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Figure: Deformation (bending etc.) (Arbitrary plane 235.0420359 124)

— Equivalent stress (GEH)
— [Equivalent stress (SSH)

Stress [N/mm?]

Nominal stresses, without takihg 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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PRILOHA ¢&.2

Vypoctovy protokol KISSsys — kontrola Sroubovych spoji
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KISSsoft Release

File

Name Unnamed
x5650 on: 19.05.2021 at: 21:48:19

Changed by:

KISSsoft

2020

Al

KISSsoft — student license (not for commercial use)

Important hint: At leastone warning has occurred during the calculation:

1->The calculation of the load of a single bolt

results in probably too high values!

(The pre-tension force is formed by the addition

of the single load .)

Bolt calculation according to VDI 2230:2015

Inputs:

Configuration:
bolts)

Calculation using assembly temperature
Assembly temperature (°C)

Thread standard
Label

Pitch (mm)
Flank angle (°)

Reference diameter (mm)

Flank diameter (mm)
Core diameter (mm)

Nominal cross section of thread (mmg)
Core cross section of the thread (mn?)
Thread manufacturing

Surface roughness (um)

Axial force at flange (N)

Shearing force at flange (N)

Torque at flange (Nm)

Bending moment at flange (Nm)
Required clamping force for sealing (N)
Coefficient of friction between parts
Bolt pitch diameter at flange (mm)

Number of screws

Shearing force at single screw (N)

Flange connection with torque and forces (multiple

[TM] 20.00
Standard thread
M5

[P] 0.80
[B] 60.00
[d] 5.00
[d2] 4.48
[d3] 4.02
[AN] 19.63
[Ad3] 12.68
Final heat treated

[RZ] 16.00
[FaU/FaO]  0.00
[Fa] 900.00
[Mt] 0.00
[Mb] 2.50
[Fd] 1000.00
(1] 0.400
[dt] 141.00
[n] 6
[Q] 150.00

/ 2100.00
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Axial force at single screw (N) [FAU/FAO] -11.82 / 361.82
Required clamping force:
For shearing force transmission (N) [FKQ] 375.00
For sealing (N) [FKP] 166.67
Tightening technique: Torque wrench (by estimating the coefficient of
friction) (VDI2230:1988)
Tightening factor [aA] 1.60
Minimum tightening factor (scattering coef. of friction)
[omin] 1.00
Load application factor [n] 0.44
Bolting type: SV3
Length of connected solid (mm) [IA] 0.00
Distance of connected solid (mm) [ak] 0.00
Load application height (mm) [K] 10.56
Coef. of friction in thread [uG] 0.100 /0.100
Coef. of friction at head support [nK] 0.100 /0.100
Coef. of friction at nut support [uM] 0.100 /0.100
Bolt type: Hexagon cap screw with flange, strong series, form
F DIN EN 1665:1998
Reference diameter (mm) [d] 5.00
Bolt length (mm) [n 35.00
Shank diameter (mm) [d1] 5.00
Shank length (mm) [11] 19.00
Thread length (mm) [b] 16.00
Outer diameter of head support (mm) [dw] 9.80
Inner diameter of head support (mm) [da] 5.70
Surface roughness, head bearing area (um) [RZ] 16.00
Stressed cross section of screw (mn?) [As] 14.18
Addendum (mm) [K] 5.80
Free thread length (mm) [13] 5.00
Width across flats (mm) [s] 8.00
Reduction coefficient [kt] 0.50
Strength class 8.8
Tensile strength (N/mne) [Rm] 800.00
Yield point (N/mmg) [Rp0.2] 640.00
Maximum yield point (N/mmng) [Rp,max] 640.00
Young's modulus screw (N/mnm?) [ES] 205000.00
Clamped parts: Segment of annulus
External radius annulus (mm) [ra] 84.00

ci



Screw radius annulus (mm)
Internal radius annulus (mm)
Bolt spacing (mm)

Number of parts

Part A

Material

Depth of Layer (mm)

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

Part B

Material

Depth of Layer (mm)

Young's modulus (N/mn¥?)
Permissible surface pressure (N/mmng)
Surface roughness (pm)

Through thread
Clamping length (mm)
Effective Clamping length (mm)

including washers and counter bore depth or extension sleeves

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

Washer below screw head:

Standard

External diameter (mm)

Inner diameter (mm)

Thickness (mm)

Surface roughness (pm)

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

Nut standard

Inner diameter nut support (mm)
Outer diameter nut support (mm)
Thickness of nut (mm)

Surface roughness (pm)

Material

Shearing strength

[rs] 70.50
[ri] 45.00
[t] 73.83
[iP] 2
AlMgSi 1 F28

[hi] 11.00
[Ep] 75000.00
[pG] 325.00
[RZ] 4.80
AlMgSi 1 F28

[hi] 11.00
[Ep] 75000.00
[pG] 325.00
[RZ] 2.80
[IK] 22.00
[Ikeff] 24.00

KISSsoft

ISO 273:1979/DIN EN 20273:1992 fine

[dh] 5.30
[cK] 0.50
[cM] 0.50

DIN EN ISO 7093-1:2000

[d2] 14.57
[d1] 5.48
[h] 1.00
[R7] 16.00

[E]  205000.00
[pG] 1500.00

DIN EN 24032:1992 (ISO 4032)

[d1] 5.75
[d2] 6.90
[m] 4.70
[RZ] 16.00
C45 (1)

[tBM]  460.00
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Washer below nut:

Standard DIN EN ISO 7093-1:2000
External diameter (mm) [d2] 14.57
Inner diameter (mm) [d1] 5.48
Thickness (mm) [h] 1.00
Surface roughness (pm) [RZ] 16.00
Young's modulus (N/mm?) [E] 205000.00

Permissible surface pressure (N/mmneg) [pG] 1250.00

Results:

Virtual outer diameter of base body:

Diameter (mm) [DA'] 90.68
Diameter (mm) [DA] 90.68
Diameter limit (mm) [DA.Gr] 26.07
Cone angle (°) [o] 36.45
Ductility of flange (mnm/N) [0P] 3.102513e-06
Ductility of screw (mnm/N) [0S] 8.722890e-06
Load factor for centric load introduction [®n] 0.1154
Amount of embedding (mm) [fZ] 0.0185
Preload loss (N) [FZz] 1564.43
required assembly preload:
-minimum  (N) [FMmin] 2259.48
-maximum (N) [FMmax] 3615.17
Pretension force according table (N) [FMtab] 7400.00
Screw force at yield point (N) [FMO0.2] 9100.00
attained assembly preload:
-maximum (N) [FM] 7387.59
for utilization of yield point (%) [%6Re] 90.00

Pretension force (N) [FV] 5823.16
Additional bolt load (N) [FSA] 41.77
Additional plate load (N) [FPA] 320.05
Fatigue load (N/mmg) [oa] 1.52
Fatigue life (N/mnv) [cAzul] 63.75
Number of load cycles [NZ] >= 2000000
Screw extension at FMmin (mm) [fSmin] 0.01971

at FMmax (mm) [fSmax] 0.03153

at FM (mm) [S] 0.06444
Part extension at FMmin (mm)[fTmin] 0.00701

at FMmax (mm) [fTmax] 0.01122

at FM (mm) [fT] 0.02292

Calculation with maximum attained pretension force:
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for utilization of yield point (%) [%0Re] 90.00
Mounting-Pretension force (N) [FM] 7387.59
Pretension force (N) [FV] 5823.16
Torsional stress (N/mm?) [ts] 189.26
Tensile stress (N/mmn?) [oz] 523.84
Equivalent stress in mounting state (N/mm2) [ored.M] 576.00
Equivalent stress in working state (N/mmg2) [ored.B] 548.88
Tightening torque (Nm) [MA] 5.73
Loose torque (Nm) [ML] 3.02
Diameter [DKm] 6.33
Tightening torque, nut (Nm) [MAM] 521
Surface pressure

under bolt head (N/mmmg) [PK] 148.85

under washer (N/mn¥) [p] 104.79

under nut (N/mm?) [pPM] 650.24

under washer (N/mnr) [p] 104.79
Calculation with the minimum required assembly preload, tightening factor: 1.00
Mounting-Pretension force (N) [FMmin] 2259.48
Torsional stress (N/mmg) [ts FMmin] 57.89
Tensile stress (N/mnv) [cz FMmin] 162.26
Equivalent stress in mounting state (N/mm?) [cred.M_FMmin] 176.17
Equivalent stress in working state (N/mm?) [ored.B_ FMmin] 169.83

Tightening torque (Nm)
Loose torque (Nm)

[MA_ FMmin] 175
[ML_FMmin]  0.36

Tightening torque, nut (Nm) [MAM_FMmin]  1.59
Surface pressure
under bolt head (N/mm¥) [PK_FMmin] 46.11
under washer (N/mn¥) [p] 32.46

under nut (N/mnm?)
under washer (N/mn¥)

[PM_FMmin] 201.41

[p]

32.46

Calculation with the maximum required assembly preload with tightening factor:

Mounting-Pretension force (N) [FMmax] 3615.17
Additional clamping force (reserve) (N) [FKres] 2357.76
Torsional stress (N/mn?) [ts FMmax] 92.62

1.60

Tensile stress (N/mm¥)

[cz FMmax] 257.85
Equivalent stress in mounting state (N/mm?)[cred.M_FMmax]

Equivalent stress in working state (N/mm?) [ored.B_ FMmax]

Tightening torque (Nm)
Loose torque (Nm)
Tightening torque, nut (Nm)
Surface pressure
under bolt head (N/mmg)
under washer (N/mmg)

[MA FMmax] 2.81
[ML_FMmax] 1.06
2.55

[MAM_FMmax]

[PK_FMmax]

[J

Civ

51.58

73.27

281.87
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under nut (N/mn¥) [PM_FMmax] 320.07
under washer (N/mn?) [p] 51.58
Residual clamp load (N) [FKR] 375.00

Permissible equivalent stress (N/mmnr) [c.Mzul] 576.00
Permissible equivalent stress (N/mnv) [c.Bzul]  640.00
Support area

under bolt head (mn?) [ApK] 49.91
under washer (mm?) [Ap] 70.90
under nut (mmy) [ApM] 11.43
under washer (mm?) [Ap] 70.90
Permissible surface pressure
under bolt head (N/mmg) [pPKzul] 1500
under washer (N/mnr) [pzul] 325.00
under nut (N/mm¥) [pPMzul] 1250
under washer (N/mm?) [pzul] 325.00
Shearing strength Screw (N/mnr) [tBS] 520.00
Summary:

The yield point must not be exceeded.

Calculation with the maximum required assembly preload with tightening factor: 1.60

Safety against yield point [SF] 2.37
Safety against fatigue [SD] 41.92
Safety against pressure [SP] 3.91
Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.17
Safety against fatigue [SD] 41.92
Safety against pressure [SP] 1.92
Calculation with minimum attained pretension force:

Safety against sliding [SG] 7.29
Safety against shearing [SA] 49.17
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Figure: Display of the clamping diagram

Remarks:

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

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

-Safety against shearing SA =1tBS*As/Q >=1.1;

-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: 271
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Katalogové udaje Celnich prevodovek
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Three-phase servomotor 1FT7085 - TWHT7

Technical specifications | symbol [ Unit Value
Configuration data:

Rated speed My om 4500
Rated torgue {100K) Mui100x) Nm 33
Rated current (100K} Inp100ig A 48
Static torque (100K Mag1caig Nm 43
Stall current (100K) Iopro0my A 58
Static torque (60K Majsoeg Nm 34
Stall current (G0K) loggarg A 46
Optimum operating point:

Optimum speed Mage pm 4500
Optimum power Papt KW 1856
Limiting data:

Max. permissible speed (mech.) Memex mach mm 8000
Maximum torque Mmax MNm 105
Maximum current L ree A 205
Motor data:

Mo. of poles 2p 8
Torgue constant (100K) kr MNmfA 074
Voltage constant (at 20 =C) ks V1000 rpm 475
Winding resistance {at 20 *C) R W 0.046
Rotating field inductance Lo mH 1.2
Elecirical time constant Ta ms 26
Mechanical time constant Tmech ms 05
Thermal time constant T min 10
Moment of inertia Jmat kgm?- 104 207
Shaft torsional stiffness [ Nm/rad 70000
Weight Mmea kg 32
Motor data with integrated brake:

Moment of inertia (with brake) Jrmat kgmz. 10+ 349
Shaft torsional stiffness (with brake) [ Nmirad 51000
Weight {with brake) Ml kg 35
Data with SINAMICS 5120 Booksize:

Rated converter current IN I A 60
Maximum converter current | rreme B A 120
Max. torque (converter operation) Mma i MNm 79
Max. permissible speed (converter operation) | Nmex v om 8000
The rated data are valid for a 600 WV DC-ink voltage
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