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Seznam pouZzitych zkratek a symboli

M, — kroutici moment

w — thlova rychlost

P — vykon

[ — prevodovy pomér

m — modul

Z — pocet zubli

d — pramér roztecné kruznice
d, — pramér hlavové kruznice
ds — pramér patni kruznice

a — thel zabéru

B — thel sklonu zubu

0 — odchylka pfevodového poméru
Y — pomérna Sitka ozubeni

a — osova vzdalenost

b — sitka ozubeni

€ — materiadlova konstanta

SF — bezpecnost v misté dotyku
SH — bezpe¢nost na paté zubu
SS — bezpecnost proti otéru
k— bezpecnost

f— soucinitel smykového tieni
F, — axialni sila

F,. —radidlni sila

F, — obvodova sila

Fy —normalova sila

Fp —teci sila

Ppotr — potiebny tlak

Pmax — Maximalni tlak

pp — dovoleny tlak
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E — modul pruznosti

p — hustota oceli

u — Poissonova konstanta

o— soucinitel teplotni roztaznosti
A; — teplota ohtati

V — montazni viile

e; — dolni mezni uchylka

ej — horni mezni Gchylka
Oreq — redukované napéti

O+ — napeéti na mezi kluzu
0p, — dovolené naméahani v ohybu
h — vyska drazky

b — sitka drazky

L — délka drazkovani

So — Sommerfoldovo cislo

Y — loziskova vile

n — dynamicka vyskozita

v — obvodova rychlost

g — soucinitel priiméru Sneku
hg — jednotkova vyska hlavy
¢, — jednotkova velikost radialni vile
M, — to¢ivy moment

y — thel stoupani Sroubovice
@ — tireci thel

Q — hmotnost ptfevodovky
QT — zuslechtény stav

PTFE — polytetrafluorethylen
POM - polyoxymethylen

f, — zubova frekvence

N — newton

N.m — newtonmetr

Bc. Vaclav Boucek
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kW — kilowatt

kg — kilogram

1/min — otacky za minutu
m — metr

mm — milimetr

MPa — megapascale

s — sekunda

K —Kelvin

°C — stupeni Celsia

Hz — Hertz
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1 Uvod

Zadavajicim této diplomové prace je firma Wikov Gear s.r.o., ktera je mezinarodnim vyrob-
cem pievodovek. Cilem této prace je konstrukéni feSeni rychlobézné pomocné pirevodovky
pro zadané parametry, ktera bude slouzit ke zkouseni vyrabénych pievodovek pted expedici.
Tato pirevodovka by méla nahradit stavajici prevodovku, ktera se doposud na zkusebné pouziva.

1.1 Predstaveni firmy Wikov Gear s.r.o.

Wikov gear sidlici v Plzni patii do skupiny Wikov Industry, coz je strojirenska spole¢nost,
tvofend vyrobnimi zavody, které se pohybuji v oblasti vyroby a servisu mechanickych pievo-
dovek. Servis a vyroba probiha pro Sirokou Skalu priimyslovych obort. Kazda spole¢nost, ktera
spada do skupiny Wikov Industry, se zaméfuje s vyrobou prevodovek na zvlastni primyslovy
obor.

Skupina Wikov Industry zahrnuje:

— Wikov Gear se specializuje na odvétvi t€Zby ropy, cementarny, cukrovary, energetiku a
zejména rychlobézné prevodovky

— Wikov MGI sidlici v Hronové se specializuje na kolejova vozidla, gumarenstvi, meta-
lurgii a vodni a vétrné elektrarny

— Wikov Séazavan sidlici ve Zruc¢i nad Sazavou se specializuje na piesné ozubené dilce a
mensi strojni celky

— Orbital 2 je spolecnost specializujici se na vyvoj a konstrukci planetovych pirevodovek
s technologii pruzného Cepu, které se vyrabi v zdvodech Wikov Gear a Wikov MGI

— Wikov RS je spole¢nost pro montaz pievodovek do kolejovych vozidel

6. Wikov

Obrazek 1: Logo Wikov Gear [1]

11
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2 Pirevodové mechanismy [2] [3]

Pievodové mechanismy neboli pfevodovky slouzi k transformaci pohybu a zatizeni mezi
vstupnim a vystupnim ¢lenem. Transformace pohybu je napi. zména smyslu pohybu nebo
zména rota¢niho pohybu na posuvny. Transformace zatiZeni je napf. zména smyslu to¢ivého
momentu nebo zména to¢ivého momentu na posuvovou silu. Zakladnimi parametry je pievo-
dovy pom¢ér i a u¢innost. Pfevodovy pomér je dan pomérem hnaciho a hnaného ¢lenu. Pokud
je prevodovy pomér i < 0, jedna se 0 pfevod do pomala tzv. reduktor. Pokud je ptevodovy
pomér i > 0, jedna se o pievod do rychla tzv. multiplikator.

2.1 Rozdéleni prevodovek podle prenosu sil mezi hiideli

Podle transformace pohybu a zatizeni mohou byt pfevody mezi hnacim a hnanym ¢lenem
realizovany pfimym nebo nepiimym zplsobem.
2.1.1 Prenos za pomoci normalovych sil

Pienos sil mezi vstupnim a vystupnim ¢lenem je nej€astéji realizovan ozubenymi pievody,
které jako tvarové prvky pouzivaji zuby spoluzabirajicich kol.
2.1.2 Prenos za pomoci tfecich uéinki

Ptenos sil pomoci tfecich ucinkti vyuziva tfeni mezi ¢leny, které miize byt provedeno napii-
klad dvéma na sebe ptitlacujicimi koly, femeny a lanem.
2.2 Rozdéleni prevodovek podle vzajemné polohy os

U prevodovek dale rozliSujeme vzajemnou polohu hnaciho a hnaného htidele.

2.2.1 Rovnobézna poloha os

Tato vzajemna poloha os je béZna pro ¢elni ozubena kola. Dale pak pro fetézoveé, femenoveé
a tfeci pfevody.
2.2.2 RiiznobézZna poloha os

Rliznobé&zna poloha os se pouziva, pokud je potieba transformace mezi hnacim a hnanym
¢lenem do kolmého sméru. Nejcastéji se vyuziva kuzelovych soukoli. Je ale také mozné pouziti
trecich kol.

2.2.3 Mimobézna poloha os

Pokud je vz4jemnd poloha os hnaciho a hnaného ¢lenu mimobéZznd, realizuje se pomoci
Sroubového nebo Snekového soukoli.

12
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Jelikoz v ptipadé této prevodovky bude pouzit pfevod ozubenymi koly, tak dale budou vice
ptiblizeny prave tyto prevody.

2.3 Prevody ozubenymi koly

Ozubené pievody patii mezi nejrozsifenéjsi prevodové mechanismy pracujici na principu
spoluzabirajicich ¢lent za jejich soucasného dotyku. Zakladnimi ¢leny, ze kterych vychazeji i
kola, pricemz mensi kolo se nazyva pastorek. Tato dvojice kol tvoii kinematické a silové vazby
mezi hiideli pfi pozadovanych momentech a rychlostech.

Ozubené kolo je tvofeno télem kola a ozubenym véncem. Ozubeny vénec tvoii rovnomérné
rozlozené zuby po obvod¢ kola.

2.3.1 Celni valcova soukoli

Jedna se o jednoduché pirevodové mechanismy tvoiené dvéma spoluzabirajicimi koly s 0zu-
benim na valcovych plochach, jejichZ osy jsou vzdjemné rovnobézné. Je-li ozubeni na obou
kolech vytvotfeno na vnéjsich valcovych plochach, jedna se o soukoli vnéjsi. Pokud je jedno
Z ozubeni vytvofeno na vnitini stran¢ dutého valce, tak se jedné o soukoli vnitini. Tato soukoli
maji ucinnost 98 %.

Dale mohou byt jednotlivé zuby ozubeni €elnich valcovych kol rovnobézné s osou rotace
ozuben¢ho kola nebo mohou byt sklonény pod mirnym thlem. Dle toho miizeme celni soukoli
rozli$it na: - ozubeni s ptimymi zuby

- ozubeni s Sikmymi zuby
- ozubeni s dvojité Sikmymi zuby
2.3.1.1 Ozubeni s primymi zuby

V ptipadé ¢elnich valcovych soukoli s pfimymi zuby je podélné osa zubli rovnobézna s 0Sou
ozubeného kola. Zakladnimi parametry pfimého ozubeni je uhel zabéru a, ktery je dan tthlem
nastaveni profilu vyrobniho néastroje. Dal§im parametrem je modul m, coZ je velikostni souci-
nitel ozubeni a je zavedena normalizovana fada modulll. K dopocitani zakladnich rozmért je
potieba také znat poCty zubtli z; a z, jednotlivych kol soukoli.

Vyhodou tohoto soukoli je jeho jednoducha vyroba a tim i niz$i vyrobni cena. Na druhou
stranu je ale jednoduchost tohoto ozubeni také nevyhodou. Protoze z hlediska geometrie tohoto
ozubeni dochazi ke vstupu a vystupu zubut kol do i ze zabéru béhem kratké doby. V dasledku
toho vznikaji pfi provozu radzy a chvéni, které ovlivituji celkovou zivotnost mechanismu.
Z ¢ehoz plyne, ze toto ozubeni také neni vhodné pro pouzivani pti vysokych rychlostech.
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Obrazek 2: Pfimé ozubeni-vnéjsi Obrazek 3:Pfimé ozubeni-vnitini

2.3.1.2 Ozubeni se Sikmymi zuby

Ozubeni se Sikmymi zuby mé podélnou osu zubi S 0Sou rotace ozubeného kola sklonénou
0 thel sklonu zubu. Ve skutecnosti maji zuby tvar Sroubovity, protoZe zub vytvaii na valcové
ploSe cast Sroubovice, které v kratkém tuseku délky zubu vypadé jako Sikmy zub sklonény
pod thlem.

Zakladnimi parametry jsou stejné jako u ptimého ozubeni uhel zabéru, modul, pocet zubtl a
k nim pfibyva prave thel sklonu zubu g. Sklon zubu mize byt bud’ levy nebo pravy. Ale dvé
ozubena kola v zabéru musi mit stejny thel sklonu zubu a opaény smysl stoupani.

Ptednosti tohoto ozubeni je pozvolny a plynuly vstup 1 vystup paru zubt do i ze zadbéru. To
vytvaii klidngj$i a tiS$i chod a rovnomérnéj$i zatizeni zubl. TakZe pfi srovnatelnych
rozmérovych parametrech jsou kola se Sikmymi zuby schopna pfenést vétsi vykony nez kola
S pfimym ozubenim. Nevyhodou tohoto ozubeni je ale axialni sila, kterd vznikd v ozubeni a
namaha hridele a loZiska.
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Obrazek 4: Sikmé ozubeni-vngjsi Obrazek 5: Sikmé ozubeni-vnitini

2.3.1.3 Ozubeni s dvojité Sikmymi zuby

Jednd se o ozubeni vytvofené ze dvou oddélenych ozubeni se Sikmymi zuby a opaénym
(zrcadlovym) a symetrickym thlem sklonu zubt. Pfipadné muze byt vytvorené jako jedno
ozubeni se dvéma zrcadlové symetrickymi Sikmymi ¢astmi — tzv. Sipové ozubeni. Tento typ
ozubeni odstranuje nevyhodu Sikmého ozubeni, tedy vznik axialnich sil v ozubeni. Nevyhodou

je slozitéjsi a drazsi vyroba. Dalsi variantou je také ozubeni s dvojnasobné Sipovymi zuby, které
umoziuje prenos extrémnich vykont.
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Obrazek 6: Sipové ozubeni

2.3.1.4 Korekce ¢elnich valcovych soukoli

P#i navrhu ozubenych soukoli se skoro vzdy vyuziva korigovanych kol. Casto je naptiklad
potfeba pifi ndvrhu pozmeénit osovou vzdalenost, aby bylo mozné navrhnout a vyrobit
pievodovou skiin. K tomu se vyuziva korekce osové vzdalenosti. Dalsi vyuziti korekce je
abychom zamezili podiezani paty zubu nebo abychom zamezili Spicatosti hlavy zubu. Posledni
moznosti pouZiti korekce je pro zlepSeni zabérovych podminek. PouZziva se v ptfipadé, pokud
Jjsou na ozubeny prevod kladeny zvySené naroky. Dociluje se toho vyrovnanim mérnych skluzt
v ozubeni. Korekce na mérné skluzy je dilezitym ukazatelem pro zivotnost kol z hlediska
opotiebeni.

2.3.2 Kuzelova soukoli

Valiva soukoli s kuzelovymi koly slouzi k vytvofeni kinematické a silové vazby mezi
riznobéznymi hiideli. Tyto ptevody jsou nejjednodussimi ozubenymi pievody pro riznobézné
osy htideli. Pfevazné se tyto pievody pouzivaji pro thel os 90°. V praxi se velmi ¢asto pouzivaji
a vyznacuji se mnozstvim konstrukénich variant i mnoha tvary zakiiveni ozubeni. Podle tvaru
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zubl se rozliSuji kola s pfimymi, Sikmymi a zakfivenymi zuby. Pro vyssi rychlosti se pouzivaji
ozubeni se Sikmymi a zakfivenymi zuby. Tato soukoli maji i¢innost 96 %.

Obrazek 7: Kuzelové soukoli

2.3.3 Sroubovi soukoli

Sroubova soukoli slouzi k vytvoreni kinematické a silové vazby mezi mimobé&znymi h¥ideli.
Samotna Sroubova kola se 1i$i od ozubenych kol se Sikmymi zuby pouze tim, Ze maji vétsi uhel
sklonu zubu. Tim dochazi k jinym zabérovym podminkam. Valcova Sroubova soukoli jsou
charakterizovana bodovym dotykem zubtli pii vzajemném posuvu oproti soukolim valivym,
ktera maji carovy dotyk zubti. Na Sroubova soukoli jsou kladeny vysoké pozadavky na presnost
vzajemné polohy mimobéznych os — slozita vyroba. Tyto prevody se v praxi vétSinou pouzivaji
pro pienos malych vykont.
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Wi

Obrazek 8: Sroubové soukoli

2.3.4 Snekova soukoli

Tato soukoli jsou zvlastnim piipadem Sroubového soukoli a stejné tak slouzi k vytvoreni
kinematické a silové vazby mezi mimobé&znymi hiideli. Uhel mimob&Znych os u téchto soukoli
je 90°. Pastorek ma tak maly pocet zubt, Ze vytvafeji Sroubovici a nazyvame ho $nek. Snek
muze byt jednochody nebo vicechody. Kolo spoluzabirajici se Snekem se nazyva $nekové kolo.
Korekce u $Snekovych soukoli se pouziva pouze kdyz montdzni osova vzdalenost je jina neZ
teoreticka. V tom piipadé se koriguje pouze $nekové kolo. Snek se z vyrobnich divodi
nekoriguje, protoze by byl potieba dalsi rozmér vyrobniho néstroje.
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Obrazek 9:Snekové soukoli
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3 Zadani

Cilem této diplomové prace je navrhnout a zkonstruovat dvourychlostni rychlobéznou
pomocnou pievodovku pro zkusebnu pirevodovek firmy Wikov Gear. Tato prevodovka by méla
nahradit sou¢asnou pfevodovku a usnadnit a celkové zkratit dobu pfipravy ke zkouseni. Z toho
plynou hlavni pozadavky na tuto pomocnou pievodovku. Je pozadovano, aby pfevodovka méla
dva vystupni ¢leny s rychlostmi 10 800 a 21 600 otacek za minutu, pti¢emz zkousSeni bude vzdy
probihat pouze na jednom vystupnim ¢lenu. Pfenaseny vykon je 1 [MW]. Doposud méla
ptevodovka na zkuSebné& pouze jeden vystupni ¢len a pro zménu rychlosti vystupniho ¢lenu, se
musela pfevodovka rozebrat a vlozit jind soukoli, ktera spliiovala pozadavky na vystupni
rychlost. Schéma pro porovnani souc¢asného a nového feseni je znazornéno na obrazku ¢. 12.

Dalsim pozadavkem je, aby pfevodovka méla moznost natoceni okolo osy pfiruby motoru,
aby bylo mozné nastavit osovou vysku vystupnich pastorkd +/- 50 [mm] vyskové. U soucasné
prevodovky je pracné vyrovnani s motorem a zkousenou pievodovkou a timto feSenim by doslo
ke zna¢nému zjednoduseni. Dale bude pfevodovka feSena pomoci Sikmého ozubeni. Zachyceni
axialnich sil od ozubeni bude realizovano pies axialni kruhy umisténych na pastorcich.

™ Pfevodovka

" piruba
| |

Obrazek 11: Schéma nataceni pfevodovky
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Soucasné reseni Nové reseni

~_—Elektromotor-__

. -
e Pomocna prevodovka
1 I N 1 1l
(1 ] [T 1T [T
[ [ [ | [{1
I I 1] i i
Zkou$ena
pifevodovka Zkousena
prevodovka

Obrazek 12: Schéma stavajiciho a nového feseni
4 Navrh a vypocet rychlobéZné pomocné prevodovky

4.1 Zadané parametry

Navrhovana prevodovka bude slouzit pro pifenos vykonu mezi hnacim elektromotorem a
zkousenou prevodovkou. Pfenaseny vykon od motoru je 1 [MW] pii 1500 [ot/min]. Elektromo-
tor je vyrobeny na zakazku od firmy TES. Pomoci frekvenéniho ménice je mozno elektromotor
roztocit az na 3600 [ot/min]. Pii maximalnich vstupnich otackach maji byt vystupni otacky
pastorki pievodovky 21 600 a 10 800 [ot/min].

Tabulka 1: Parametry pro navrh

Pienaseny vykon [P] 1 [MW]

Vstupni otacky [n,] 1500 - 3 600 [min~1]
Vystupni otacky [n,] 21 600 [min~1]
Vystupni otacky [ns] 10 800 [min~1]
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Obrazek 13: Kinematické schéma
4.2 Navrh ozubeni

4.2.1 Pocty zubii ozubeni

Navrh ozubenych kol za¢ina zvolenim poctu zubti, které se voli s ohledem na pozadovany
pievodovy pomér. Ten vychazi z pomeéru otacek na vystupu a na vstupu prevodovky.

n
i12:_2:6[_]

n,

. ni
=—=3 —
l13 n [—]

Dale jelikoz ptfevodovy pomér lze také spocitat jako pomér poctu zubd hnaného kola ku
hnacimu, tak zvolim pocet zubti mensiho pastorku a poté dopocitdm pocty zubt zbylych dvou
ozubenych kol. Pocet zubli pastorku volim z, = 17. Pocet zubl je volen tak, aby byl co
nejmensi a zaroven splinoval minimalni pocet zubti, pii kterém nedojde pti vyrobé¢ k podiezani
paty zubu.
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7, =17[-]
Zl = ZZ'iIZ = 102 [_]
Z1
73 =—=34[-]
l13

Pti téchto poctech zubti by pti beéhu prevodovky byly v zabéru pokazdé stejné zuby spoluza-
birajicich kol. To zamezime tim, Ze udélame pocet zubi z; nesoudélny.

z, = 103

Jelikoz byl zménén pocet zubl, zménily se tim i pfevodové poméry. Z toho plyne, ze musi
byt piepocitany, aby se zkontrolovala pfipustna odchylka prevodového poméru 9o, kterd nesmi
ptresahnout +/- 2 [%].

z
i1, = Z—l = 6,058 = ptevodovy pomér vyhovuje — 6 < 2%
2

z
13 = Z—l = 3,029 = ptevodovy pomér vyhovuje — 6 < 2%
3

4.2.2 Kroutici momenty na hiidelich pri nejvétSim zatiZeni

Nejvétsi zatizeni je pii otdckach 1500 [ot/min]. Pfi tomto zatizeni jsou hiidele a ozubena
kola nejvice namahana, a proto dojde k dimenzovani pfi tomto zatizeni. U¢innost 1 je ve vypo-
¢tu uvazovana 0,98.

My, = = 6366 [N.

el 2.m.1ny [N.m]
M

My, = —= = 1072 [N.m]
li21
M

My = —= = 2144 [N.m]
L1371

4.2.3 Predbézny vypocet rozméru ozubeni

Piedbézny navrh modulu ozubeni se provadi pomoci tzv. Bachova vzorce. Ve vypoctu
vystupuje thel sklonu bo¢ni kiivky zubu £, pomérna Sifka ozubeni ¥ a materidlova konstanta
c. Pomérna $itka ozubeni ¥ se voli v rozmezi 10-30. Uhel sklonu boéni kiivky zubu £ byl
po konzultaci s firmou Wikov zvolen 13°. Materidlova konstanta ¢ vychazi z dovoleného
namahani v ohybu materialu op,. Voli se (0,03-0,08). ap,. Material ozubeni je zvolen po
konzultaci s konstruktéry z firmy Wikov 18CrNiMo7-6, jehoz ekvivalent je CSN 16326.
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Tabulka 2:Parametry pro nivrh modulu dle Bachova vzorce

Bc. Vaclav Boucek

Kroutici moment M, 6366 [N.m]
Uhel sklonu boéni kiivky B 13 [°]
Pocet zubil z; 103 [—]
Pomérna $iika ozubeného kola ¥ 15 [—]
Materialova konstanta ¢ 15 [—]

3|My.4.c0S
m=7s5. M cosh

3/6366.cos13°

75 103.15.15

= 4,85 = zvolenom = 5 [mm]

Z téchto hodnot je mozné piedbézné spocitat roztecné primeéry ozubenych kol, teoretické
osove vzdalenosti a Sitku ozubeni. Vypoctené piedbé€zné rozméry jsou uvedeny v tabulce ¢.3.

m.z

~ cosp

Q12teor = 0,5.(dy +dy)

b=%.m
Tabulka 3:Pfedbézné zakladni rozméry

Modul m=75 [mm]
d, = 528,55 [mm]
Priméry rozte¢nych kruznic d, = 8724 [mm]
d; = 174,47 [mm]
Teoretické osové vzdalenosti A12te0r = 307,89 [mm]
Q13te0r = 351,51 [mm]
Sitka ozubeni b=170 [mm]

Tento vypocet je jen ptedbézny a nezahrnuje pozadovanou Zzivotnost, piesnost vyroby,
dynamicky soucinitel, korekce a dal$i parametry, které maji na zpfesnéni vypoctu vliv. Také
pouze zahrnuje jen ohybové namahani a dal$i namahani nezohledfiuje. Z toho divodu bude
proveden vypocet ve specializovaném programu pro navrh ozubeni KISSsoft, kde navrhnu
jednotliva ozubeni a zkontroluji jejich bezpecnosti.
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4.2.4 Navrh ozubeni v softwaru KISSsys

Do vypoctového softwaru byly zadany parametry z tabulky €. 4. Ze vstupnich hodnot doslo
K vypocteni jednotlivych bezpecnosti ozubeni, které byly porovnany s dovolenymi bezpec-
nostmi dle normy. Kontroluji se bezpecnosti na ohyb v paté zubu — SF, bezpecnost na dotyk
boku zubu (pitting) — SH a bezpec¢nost vici zadieni vlivem teploty — SS.

Tabulka 4:Zadané parametry pro vypodet

Maximalni zatizeni P=1[MW];n, = 1500 [min™1]
Prevodové poméry iy, = 6,058; i;3 = 3,029
Typ ozubeni Sikmé

Pocty zubt z; =103; z, =17, z; = 34
Modul 5 [mm]

Uhel skolu zubu viz. tabulka ¢.2
Zvolena osova vzdalenost na zakladné a;, = 310 [mm]
predbézného vypoctu a5 = 355 [mm]
Materialy ozubenych kol 18CrNiMo6-7 (CSN 16326)
Zachyceni axialnich sil z ozubeni Axialni kruhy
Korekce ozubeni Na mérné skluzy
Mazaci olej ISO VG 46

Zpiisob mazani Rozsttik oleje do mista zabéru
Zivotnost 10 000 hodin
Dynamicky soucinitel 1,5

Vypocetni norma ISO 6336

Profil zubu ISO 53:1998 Profil C
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Obrazek 14: Vypoctovy model

Tabulka 5: Bezpe¢nosti ozubeni

Kolo 1 Pastorek 2 | Pastorek 3 | Dovolené bezpe¢nosti
SF 2,551 2,818 2,277 1,4
SH 1,052 1,017 1,263 1
SS 2,467 2,347 2,347 1,8

Kompletni vypoctové zpravy se vSemi vypoctenymi parametry jednotlivych ozubeni jsou
soucasti piiloh.

4.3 Navrh hridela

Vypocet a navrh jednotlivych hiideli byl proveden v softwaru KISSsoft. Pii kontrole
vypoctu se zjisStovala minimalni staticka a inavova bezpecnost v rizikovych mistech hiidele,
maximalni napéti a maximalni prihyb hiidele. Vysledné hodnoty se porovnaly s minimalnimi
dovolenymi hodnotami. Dale bylo spoc¢itano nalisovani ozubeného kola na pomalubézny hiidel,
axialnich kruhl na rychlobézné hiidele a ostfikovych krouzkli pro labyrintova tésnéni. Na
vystupnich ¢epech htidele doslo k navrhu drazkovani pro piipojeni ptirub spojky, ktera slouzi
ke spojeni pomocné prevodovky se zkousenou.

26



Zapadoceska univerzita v Plzni, Fakulta strojni, Diplomova préce, akad. rok 2020/21
Katedra konstruovani strojii Bc. Vaclav Boucek

4.3.1 Rychlobézné hridele

Hridele jsou stejné jako ozubeni vyrobeny z materialu 18CrNiMo6-7 jehoz CSN ekvivalent
je CSN 16326. Z kazdé strany ozubeni je na hiideli nalisovan axialni kruh. Tyto axialni kruhy
slouzi k udrzeni kol vii¢i sobé ve vzajemné poloze, aby nemohlo dojit k jejich posunuti vlivem
axialnich sil, které Sikmé ozubeni generuje. Princip téchto kruhti je, ze se s protikolem potkavaji
na jiném pruméru, nez je valiva kruznice ozubenych kol a diky tomu mezi nimi dochazi
Kk prokluzu. Timto mezi prokluzujici plochy vnika olej, vytvofi se mezi nimi olejovy film, ktery
zabrafuje zadieni, které by pfi tfeni za sucha vzniklo a zni€ilo pfevodovku. Z téchto kruhi také
dochazi K odbrusovani pti dynamickém vyvazovani htidelti. Axialni kruhy jsou vyrobeny
z materialu 31CrMoV9+QT. Ekvivalent tohoto oznageni je CSN 15 330.

Axidlni kruhy _ 3 e

. it
o o

o
T

Odstiikovy labyrintovy

/ krouzek

=

Loziskovy Cep

Cep pro piirubu spojky

Loziskovy ¢ep

o
m

Obrazek 15: Rychlob&zny hiidel i=6

Tabulka 6:Vysledné hodnoty rychlobézného hiidele i=6

A-A 11,5 [-]
Statickd bezpecnost B-B 14,97 [-]
C-C 13,84 [-]
D-D 8,71 [-]
A-A 2,29 [-]
, B-B 2,39 [-]
Unavova bezpec¢nost
C-C 6,95 [-]
D-D 14,81 [-]
Maximélni napé&ti 42,88 [N.mm™?]
Maximalni prihyb 40,39 [um]
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Axidlni kruhy <t Q e (=

Qdstiikovy labyrintovy

krouzek

Cep pro piirubu spojky

Loziskovy ¢ep
oziskovy ¢ep

D-D

Obrazek 16: Rychlob&zny htidel i=3

Tabulka 7:Vysledné hodnoty rychlob&Zného hiidele i=3

A-A 15,12 [-]
B-B 6,00 [-]
Statickd bezpecnost
C-C 6,47 [-]
D-D 4,07 [-]
A-A 2,44 [-]
) B-B 1,84 [-]
Unavova bezpecnost
C-C 3.25 [-]
D-D 3,36 [-]
Maximalni napéti 85,80 |[N.mm™?]
Maximalni prihyb 14,54 [um]
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4.3.2 Pomalubézna hridel

Bc. Vaclav Boucek

Pomalubézna hiidel je vyrobena z materialu 42CrMo4+QT. Material je pouzit z ekonomic-
kého hlediska, protoze je levnéjsi neZ material pouzity na ozubeni. Z toho diivodu bude hiidel
vyrobena z tohoto materialu a ozubené kolo bude na htideli nalisovano. Ekvivalent materialu

42CrMo4+QT je CSN 15 142.

Odsttikovy labyrintovy krouzek

A-A

B-B

Cc-C

Vstupni Cep

Valeckové lozisko levé

Tabulka 8:Vysledné hodnoty pomalub&zného hiidele

<
<

@
[an]

Obrazek 17: Pomalubézny htidel

A-A 6,76 [-]
Staticka bezpe¢nost | B-B 13,56 [-]
c-C 63,85 [-]
A-A 2,20 [-]
Unavové bezpeénost | B-B 3,98 [-]
c-C 7,11 [-]
Maximaélni napéti 32,53 [N.mm™2]
Maximalni prihyb 61,53 [um]
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4.3.3 Vypocet nalisovanych spoju

Jak uz bylo uvedeno, tak ozubené kolo na pomalubézné hiideli, axialni kruhy a odstiikové
krouzky pro labyrintové ucpavky budou se hiidelemi spojeny pomoci nalisovanych spojt.
Nalisované spoje jsou spolehlivé a jednoduché a 1ze pomoci nich pienaSet vysoké kroutici
momenty. Také odpadd nutnost zajisténi v axialnich smérech. Na druhou stranu se ale musi
dodrzet nizké vyrobni tolerance a tento spoj je nerozebiratelny.

Nalisovanym spojem se dosahuje pevného spojeni dvou soucasti, mezi kterymi dochézi
K pruznym deformacim. Tyto deformace zptisobuji napéti a tim jsou spojované souc¢asti na sebe
pritlaCovany a tim se zvySuje tieci sila, ktera umozni prenaset osové sily a kroutici moment.

V ptipad¢ této prevodovky je také potfeba pocitat s odstiedivou silou, kterou zpisobuji
vysoké otacky hiideli. Vlivem vysokych otacek muze dojit k deformaci naboje a tim k jeho
odlehnuti od htidele, coz musi byt zohlednéno. Dale pak z technologického hlediska budou diry
naboje vyrobeny v toleranénim poli H7, protoZe se 1épe obrabi hiidel nez otvor. Toleran¢ni pole
dér bude tedy H7 a tolerance htideli se k tomu budou dopoéitavat. Lisovani bude probihat
zatepla ohfatim vnéjsi soucasti. Maximalni teplota ohiati by neméla pfesahnout hodnotu
300 [°C]. Vypocet je znazornén na vypoctu nalisovani ozubeného kola na pomalubézny hiidel.
Nalisovani axialnich kruhii a odstfikovych krouzkt se 1i§i pouze tim, ze nepfenasi kroutici
moment a odstfikovy krouzek nepienasi ani zadnou axialni silu. [4]

F, X

—7

HHH

FT = FNf

Obrazek 18: Sily v nalisovaném spoji ozubeného kola
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Tabulka 9: Parametry pro nalisovani

PfenaSeny moment My 2 653 [N.m]
Otacky hiidele n 3600 [ot/min]
Axialni sila na kole Fa 5557,6 [N]
Bezpecnost spoje K 2 [-]
Délka spojeni 1, 80 [mm]
Lisovaci primér d, 180 [mm]
Primér patni kruznice D 538 [mm]
Soucinitel tfeni f 0,18 [-]
Modul pruznosti E 210 000 [MPa]
Hustota oceli p 7 850 [kg.m™3]
Poissonova konstanta v 0,3 [-]
Souginitel teplotni roztaznosti o 11.10°¢ [K~1]
Montazni vtle v 0,1 [mm]
Obvodova sila ve spoji
F, = Z'Z""l =29 473 [N]

Potiebna tteci sila pro ptenos zatizeni

Fp = /FOZ + F2 = 29993 [N]

Potfebny tlak pro vyvozeni teci sily
Fr.k

W 7,37 [MPa]

Ppotr =

Bc. Vaclav Boucek

Nasledujici vypocty budou vychazet z teorie tluststénych nadob a rotujicich kotouc¢u. Vztahy
jsou upraveny a zjednoduseny tim, ze kolo a htidel jsou ze stejného materalu (Ex = Ey = E;

Uk = Uy = W; px = py = p) a hiidel ma plny prifez = Ry = 0
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Obrazek 19: Vypocet nalisovani [5]

ZmenSeni poloméru hiidele vlivem tlaku

—T. Dpott
E

ZvétSeni poloméru naboje vlivem tlaku

T Dpore (T2.(1+pw) +R%E(1—p)\
£ < D) ) = 3,01 [um]

Potiebny lisovaci ptesah pro vyvozeni potiebného tlaku
Ar = |Ary| + Arg = 5,22 [um]
AD = 2.Ar = 10,44 [um]

Ary = (1 -p) = —2,21 [um]

ATK ==

ZvétSeni poloméru hiidele vlivem rotace

ZvétSeni poloméru naboje vlivem rotace

2.D,,.(r*.(1— 1) + R2.(3 + w)).R
Ar . = o (12 ( M)E (B+w) 2922 [um]

2
O]
D, =p8 = 1,395.10~8[Pa.m"2]

Celkové odlehnuti vlivem rotace

Ar, = Ary — Aty = 28,54 [um]
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Celkovy minimdalni pfesah na poloméru
Areone = Ar + Ar,, = 33,76 [um]
Celkovy minimalni pfesah na priméru
AD ey = 2. AT ey = 67,52 [um]
Néavrh ulozeni
dira: @180 H7 = e;; = 0 [mm]
ej; = 0,046 [mm]
hiidel: @180 t5 = e, = 0,146 [mm]
ej; = 0,164 [mm]

Pmin

Pmax

b

Obrazek 20: Ulozeni

Minimalni teoreticky ptesah
Ppin = €2 —€j1 = 100 [um]
Maximalni teoreticky presah
Prax = €2 = 164 [um]

Teplota ohtati kola

Ppox TV
At = ———=133,33[°C
d.a °C]

Maximadlni tlak v nalisovani pfi maximalnim ptesahu

Pmax E
= max = 84,96 [MP
pmax dl 1 + CZ [ a]

D? +df
2= pr_gz
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Maximalni napéti v nalisovani pii maximalnim tlaku
Ored = Pmax- (€2 +1) = 191,3 [MPa]
Bezpecnost nalisovani pi1 maximalnim napéti
Oy = 420 [MPa]
Okt

Sy = = 2,2 [-] = uloZeni H7/t5 vyhovuje
Ored

V nasledujici tabulce je vidét jaké uloZeni bylo zvoleno pro ostatni nalisované spoje, spolu
S jejich potiebnou teplotou ohtati a vyslednou bezpecnosti.

Tabulka 10: Hodnoty nalisovanych spojeni

H7/1T5 At[°C] Snl-1
Kolo na hiidel H7/t5 133 2,19
Axialni kruhy i=3 H7/u5 268 2,72
Axialni kruhy i=6 H7/u5 268 2,72
Odsttikovy krouzek i=3 H7/u5 296 2,19
Odsttikovy krouzek i=6 H7/u5 296 2,23
Odsttikovy krouzek pomalubézny hiidel H7/u5 211 2,20

4.3.4 Vypocet drazkovani pro pripojeni priruby spojky

Ptiruba spojky bude na htideli pfipojena pomoci rovnobokého drazkovani. Tyto spoje slouzi
k rozebiratelnému spojeni hiidele a naboje pomoci spouzabirajicich drazek. Vypocet bude
proveden pro vice zatézovany pastorek a draZzkovani bude pro oba pastorky stejné. Ostatni
rozméry piiruby byly zvoleny podle dané spojky, ktera bude ke spojeni ptevodovek pouzita.

Tabulka 11: Parametry draZkavaného spojeni

Kroutici moment My 2101 [N.m]
Velky primér D 60 [mm]
Maly prumér d 52 [mm]
Pocet drazek y4 8 [—]

Dovoleny tlak Py 60 [MPa]
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Obrazek 22: Ptiruba spojky
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4.4 Ulozeni hridelu

Ulozeni hiidelti je provedeno kombinaci valivych a kluznych lozisek. Rychlobézné htidele
jsou ulozeny v hydrodynamickych kluznych loziskach. Hydrodynamicka kluzna loziska jsou
zvolena vzhledem k vysokym otackam rychlobéznych htidelti a jejich schopnosti tlumeni
vibraci. Pomalubézny htidel je ulozen ve valivych loziskéch.

4.4.1 UloZeni rychlobézného hridele

4.4.1.1 Princip hydrodynamickych loZisek

Jak uz bylo zminéno, tak z hlediska vysokych otacek jsou rychlobézné htidele ulozeny
V hydrodynamickych kluznych loziskéach. Tato loziska vytvaii oto¢né ulozeni, u kterych vznika
vrstva maziva tzv. hydrodynamicky mazaci klin relativnim pohybem kluznych ploch a vytvari
tzv. klinovou mezeru. Klinovd mezera vznika diky vystfednosti ¢epu v panvi loziska a tim
dochazi pii otaéeni ke vtahovani maziva. Cim vys§i jsou otacky, tim vice maziva se do mezery
piivadi a tim stoupa tlak v mezete. Pribéh tlaku hydrodynamického radiadlniho loziska je
znazornén na Obr. 23. Vlivem vzniku tlaku v mezete dojde k odd€leni povrchu kluznych ploch
loziska a htidele a dojde k vychyleni hiidele ve sméru rotace. Jelikoz tlak v mezete je zavisly
na otackach, tak pii nekone¢né velkém poctu otacek by teoreticky mohl byt hiidel s loziskem
Vv soustiedné poloze. Polohy htidele pti hydrodynamickém mazani jsou znazornény na Obr.24.

N\

Vs

Olej

Mazaci klin

Obrazek 23: RozloZeni tlaku v hydrodynamickém radialnim kluzném loZisku [5]

Z ptedchoziho popisu je patrné, ze kapalinné tfeni je pouze pii provozu loziska, kdy je
udrzovéana dostatecna vrstva maziva. Za klidu a pfi rozbéhu a dobchu je v kontaktu lozisko s
¢epem. Zavislost rychlosti na souciniteli tfeni vyjadiuji tzv. Striebeckovy kiivky. Tato zavislost
je znazornéna na Obr. 25. Z této zavislosti plyne, Ze se zvysujici se rychlosti postupuje tieni od
mezniho pfes smiSené az po hydrodynamické. Z toho je vidéet, Ze k hydrodynamickému mazani
dochazi az od urcitych otacek. Kiivky jsou navic také ovliviiovany hodnotou mérného tlaku p,
z ¢ehoz je vidét, ze rizné hodnoty mérného tlaku maji jiné profily kiivky. Pokud dojde ke
zméné mérného tlaku, tak se zméni tieci odpor a tim i soudinitel tieni. [6]
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Obrazek 24: Polohy hiidele pfi hydrodynamickém mazani [6]

Mezni treni
/f Smisené treni Hydrodynamicke treni
=
=
)9
7]
=
S
c?) p=p1
P
p>pz2
\
‘— Bod nejmensiho soucinitele tieni

Rychlost u
Obrazek 25: Striebeckovy kiivky [6]

4.4.1.2 Typy hydrodynamickych kluznych lozisek

V nésledujici tabulce je piehled nej€astéji pouzivanych profilli hydrodynamickych lozisek
s doporucenymi hodnotami. Hodnoty uvedené v zavorkéach jsou hodnoty maximalni a v ptipadé
zvoleni je nutné, aby z hlediska bezpecnosti doslo k jejich podrobnému piepocitani. Tabulka
udava i1 tzv. Sommerfeldovo ¢islo, oznaované Sy, které vyjadiuje vzajemnou zavislost hydro-
dynamického tlaku p, loziskové vuli ¥, uhlova rychlosti @ a dynamické viskozité maziva 7.
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p.W?
SO =
n.w
Tabulka 12: Vnitini profily hydrodynamickych kluznych lozisek [6]
Obvodova .
Provedeni nrch_[ m!]:]:-,t ME‘E:}* Semmerfeldovo | Tuhost Oblast poutiti
s N prevodovky, parni
.-J-: :.\. _ _ # 7 ) . : .
/ 0 G %ﬂ 0.2 ( 5)4"5 0,5-10 | ,,p4s | turbiny, elekiricke
N | 4 ) - motory, generatory
Valec
Vi e _ . pievodovky, parni
> ‘5(8 0;“ -2 4)3-5 0-15 | ,i., |turbiny, elektrické
4 motory, generatory
Citron
Obecné pro malé
) 30—-90 0.1-30 0-10 ##% | proméry hiidela s
| {100} (3.5) ’ ek vysokynu otackami
by ot turbodmychadla
. = \\
¢ f \” 20—-90 02-35 0-20 #k+ | prevodovky, pami
k! Vi (100) (4,0) - % | turbiny
Offset
20—-90 02-35 0-20 #*% | prevodovky, parni
(100) (4,0) - % | turbiny
Dcuuble: {.]ﬂ‘.‘set
T vysokorychlostni pumpy,
30 —-90 0,1-2,0 0—-10 #*% | pfevodovky, expanzni
/ (100} (2.5) ’ * turbiny, turbiny chlazeni,
py ¥ ¥
\4_]:3& vietena obrabécich stroju
]
I 0_25 sxsg | Prevodovky, parni
({1 )) |30-100 G0 0-10 | ..., |turbiny. jednohiidelové
- g ’ kompresory
4-Segmentv
:_m-z o " w
f ||"} -‘}\ 30— 125 0-30 s4++4% | Tvchlobéine prevodm-'k’}-:
B - (150) G 5; 0—-1.0 s4s4 | turbokompresory, parni
\‘\\:.‘JL'::/ i ’ turbiny, plynové turbiny
5-Segmenti

FEEEE Vel visoké hodnoty

* Nizke hodnoty
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4.4.1.3 Volba typu loziska

Nyni pfichazi na fadu zvoleni vhodného profilu loziska. Volba je zavisla na konstrukénich
pozadavcich prevodovky. Jelikoz je pozadavek na toceni hiidelt v obou smérech, tak tomuto
pozadavku vyhovuji z pfedchozi tabulky pouze loZiska s profilem valec, citron a segmentova.
Dalsim kritériem je maximalni mérny tlak, ktery byl od firmy Wikov zadan 3 MPa. Z tohoto
pozadavku pfichazi v ivahu uz jen loziska vélcova, citronova a segmentova s péti segmenty.
Po vypocteni obvodovych rychlosti, které jsou uvedeny v tabulce 7, a z hlediska vyssich hodnot
tuhosti a utlumu doslo ke zvoleni segmentovych lozisek s péti segmenty.

Tato loziska je mozné zatéZovat dvéma zplsoby. Na segment a mezi segmenty. Zatizeni
na segment ma sice trochu veétsi ztraty, ale ma vétsi nosnost a vetsi stabilitu. Z toho divodu je
zvoleno zatizeni mezi segmenty. Rozdil mezi t€émito zpisoby je zndzornén na Obr. 26.

Obrazek 26: Zatizeni na segment a mezi segmenty [6]

4.41.3.1 Vypocet loziska

Pro zvoleni konkrétniho segmentového loziska je nutné vypocitat rozméry lozZiska a dale
jejich obvodovou a uhlovou rychlost. Kontroluje se, zda mérny tlak loziska pfi zvolenych
rozmérech neptfesahne dovolenou hodnotu 3 MPa.

R

p=§3pmax

S=LD
kde R je maximalni zatézujici reakce pusobici na lozisko, ktera bylo vypoctena v softwaru
KISSsoft. S je prumét sty¢né plochy loziska do roviny kolmé na smér zatizeni, ktera se vypocita

jako soucin délky loziska L a priméru htidele pod loziskem D. Dale musi byt dodrzen pomér
L/D v rozsahu 0,7 — 1.

Obvodova rychost v=mD.n
Uhlova rychost w=2mTn

Vysledné hodnoty loZzisek pro oba rychlobézné hiidele jsou uvedeny v tabulce 13. Tyto hod-
noty z tabulky byly spolu s typem oleje, teplotou oleje 45 °C a tlakem 1,5 baru predany firmé
GTW, u které firma Wikov poptava loziska. Z téchto zadanych hodnot firma navrhla segmen-
tova loziska pfimo na miru této pievodovce. Kompletni vlastnosti lozisek jsou v ptiloze ¢. 12.
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Tabulka 13: Vysledné hodnoty loZisek

Hridel i = 6 Hridel i =3
Zatézujici reakce R 13,204 13,634 [kN]
Délka loziska L 65 65 [mm]
Primér pod loziskem D 70 70 [mm]
Sty¢na plocha loziska S 0,005 0,005 [m?]
Vysledny mérny tlak p 2,902 2,996 [MPa]
Dovoleny tlak py,qx 3 3 [MPa]
Obvodova rychlost v 79,2 39,58 [m/s]
Uhlova rychlost @ 2262 1131 [rad/s]

Obrazek 27: Hydrodynamickeé lozisko [7]

4.4.2 UloZeni pomalubézného hridele

Pomalubézny hiidel je ulozen ve valivych lozZiskéch, které jsou oproti hydrodynamickym
loziskam ekonomicky vyhodnéjsi a pro tyto otdCky dostacujici. Jedna se o jednotadé valeckové
radiaxialni lozisko od firmy SKF-NUP 226 ECJ. Tato loziska byla zvolena, protoze je 1ze pouzit
jako obousmérn¢ axialni. Lozisko je zndzornéno na obrazku ¢. 27. Na obrazku vpravo je
znazornéna vnitini axidlni vile loZiska. LoZiska byla pomoci softwaru KISSsoft zkontrolovana
na minimalni pozadovanou dobu béhu a statickou bezpecnost. Vysledné hodnoty lozisek jsou

uvedeny v tabulce, kde oznaceni levé a pravé lozisko koresponduje s oznacenim na obrazku ¢.
17.
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Obrazek 28: Valeckové lozisko NUP 226 ECJ se zobrazenim axialni vule [8]

Tabulka 14: Hodnoty valivych loZisek

Minimalni Zivotnost [hod] | Staticka bezpecnost [-]

Levé lozisko 151 380 42,99

Pravé lozisko 628 162 29,22

Jak je z tabulky patrné, tak obé dvé loziska jsou silné pfedimenzovana. To je zpisobeno
rozmery pruméri pomalubézné hiidele, které¢ urcuji minimalni primér vnitiniho krouzku
loziska. Mensi pruméry hiidele pod loziskami z konstruk¢éniho hlediska nelze realizovat.

4.5 Navrh prevodové skiiné

Pievodova skiiii bude u této pifevodovky vyrobena jako svafenec. Svafovana skiiil je
jednodussi na vyrobu nez odlévana. Dalsi divod je ten, Ze v kusové vyrobé je svarena skiin
podstatné levnéjsi a firma Wikov si svafované skiiné vyrabi sama. Skiiii bude z materialu
S235JR, jehoz ekvivalent je CSN 11 373. Materiél je zvolen, protoZze ma zaru¢enou svafitelnost.
Hlavnim poZadavkem na skfin je, aby pfenésela zatizeni, které na pfevodovce v provozu miizou
nastat. Musi mit upinaci prvky pro upevnéni k zakladu a také prvky pro manipulaci napft.
pomoci jetabu. Skiin také musi umoziovat jeji montaz a demontaz, jelikoz se sklada ze spodku
skiing a z vika. Délici rovina prochazi osami htideli. Tyto dvé ¢asti jsou spojeny Srouby a do
spravné polohy se ustavuji pomoci dvou koliku.

45.1 Spodni ¢ast skiiné

Z obou cel je skiin opatiena otvory pro vstup a vystup oleje. Vstupni olejové hospodaistvi
mize byt umisténo z libovolné strany. Vystupni otvory pro olej jsou na obou stranach z toho
divodu, ze musi byt zajistén odvod oleje pfi naklopeni prevodovky na ob¢ strany. Protoze
prevodovka je obe¢hové mazana a vSechen olej musi byt ze skiiné odveden. To se bude fesit tim,
ze se vzdy odvod oleje ptipoji na tu stranu, ktera bude naklopena a druha strana bude zaslepena.
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Na bocnich ¢astech jsou vyvrty pro uloZeni lozisek. Pod mistem lozisek jsou umisténa vyztuzna
zebra, jejichz vnitini ¢ast zaroven slouzi pro odvod oleje na dno skiin€. Z toho plyne vysoky
pozadavek na tésnost vSech svarl, aby olej nékde neprosakoval ven. V délici roviné jsou
umistény otvory pro Srouby a koliky, které slouzi ke smontovani obou ¢asti prevodové skiing.
V hornich rozich jsou umistény zavésy pro snadn€js$i manipulaci, protoze hmotnost tohoto dilu
je skoro 540 [kg]. Ve spodni ¢asti jsou umistény patky s otvory, které budou slouzit pro
namontovani nataceciho zafizeni ptevodovky.

Loziskovy vyvrt
Kotevni patka s otvory
Vstup oleje g Otvor pro odvod oleje

) . Zaveés pro manipulaci
Vystup oleje

Obrazek 29: Spodni ¢ast skiiné

45.2 Viko skriné

Viko skfiné je stejné¢ jako spodni ¢ast opatfena na bocich vyvrty pro uloZeni lozisek.
Nad vyvrty jsou umisténa zebra pro zvySeni celkové tuhosti vika. V hornich rozich jsou
umisténé otvory pro usnadnéni manipulace. Hmotnost vika skiin¢ je necelych 350 [kg].
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Otvory pro manipulaci

Obrazek 30: Viko skiiné

4.6 Mazani

Jak uz bylo zminéno, tak mazani je v této pifevodovce feSeno ob&hoveé. Kdy vstupnim
otvorem je ¢erpadlem ptivadén olej tlakem 1,5 [bar] a odvadén spodni ¢asti skiing pies vystupni
otvor zpét do olejové nadrze. Pfevodovka je mazéana olejem ISO VG 46. Ptiruby pro pfivod a
odvod oleje jsou zvoleny s ohledem na pozadované dodavané mnozstvi oleje, ktery vychazi
Z pottebného mnozstvi pro mazani ozubenych kol a lozisek.

4.6.1 Mazani ozubenych kol

Ozubena kola jsou mazana vstfikovanim oleje pfimo do zubového zdbéru. Vstiikovani je
umisténo pied i za zubovy zabér. Pro vstiikovani byly zvoleny trysky od firmy Lechler
oleje. Toto mnozstvi bylo spoéteno soucasné s navrhem ozubeni v softwaru KISSsys. Pro jeden
zubovy zabér vyslo 20,2 [I/min] a pro druhy 11,7 [I/min]. A pro toto poZzadované mnozstvi oleje
a tlak 1,5 [bar] sem zvolil vzdy jednu trysku pied a za zabér u obou zubovych zabért. Jedna se
0 trysku Lechler 612.404 s uhlem rozstiiku 60 [°]. Pfivod oleje je feSen vrtanym kanalkem
z boku skiiné. U vstupu dovniti skiin€ je nasroubovana tvarovka Parker, ktera pomoci trubek
s tryskou naSroubovanou na konci rozvadi olej nad a pod zabér.
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Tvarovka Parke

r
/ Ptiruba pro vstup oleje

! - Zatka

Obrazek 31:Ptivod oleje k tryskam ozubeni

=

Obrazek 32: Tryska Lechler [9]

4.6.2 Mazani lozisek

Olej se do lozisek ptivadi zespodu pomoci kanalkti. Do hydrodynamického loziska se olej
dostava dirou, ktera je ve spodni ¢asti loziska. Tudy se olej dostane k segmentim uvnitt loziska
a po stranach mezi hiideli a krytem loziska olej stéka do spodni ¢asti skiin€ viz obrazek ¢. 34.

Obrazek 33: Piivod oleje k lozisku
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OIL OUTLET OIL OUTLET

OIL INLET ¢

Obrazek 34: Vstup a vystup oleje z hydrodynamického loziska [8]

Piivod k valivym valeCkovym loziskiim je znazornén na obrazku ¢. 35. Olej je k loziskim
dopraven kandlkem, ktery stoupa smérem k d¢€lici roviné a poté je usmérnén, aby sméfoval
do loziska ze strany a byl pfivadén mezi valecky. Kanalek je v dé€lici roviné uzavien pomoci
specialni natloukaci ucpavkou Meusburger E 2071.

Valeckové lozisko

Ucpévka

Zatka )
Pfivod od vstupu oleje

N\

™

Obrazek 35: Privod oleje k valivym loziskam
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Obrazek 36: Ucpavka Meusburger E 2071 [9]

4.6.3 Utésnéni vystupnich ¢epu hrideli

Z hlediska vysokych obvodovych rychlosti jsou vystupni ¢asti hiideli utésnény pomoci
labyrintovych ucpavek. U klasickych bfitovych tésnéni by mohlo dojit pii té€chto vysokych
rychlostech Kk opotiebeni otérem. U labyrintovych ucpavek k tomuto opotiebeni nedojde,
protoZe se jednd o bezkontaktni t€snéni. Tésnéni se sklad4 ze dvou ¢asti. Z pevné ¢asti, coz je
labyrintova ucpavka a z rotujici ¢asti, ktera je pfipevnéna na hiidel — odstfikovy krouzek. Tyto
dvé casti do sebe tvarové zapadaji a je mezi nimi velice uzka mezera. Rotujici krouzek
zabrafiuje oleji, aby vytékal do prostoru labyrintové ucpavky a pomoci odstfedivé sily
odstiikuje olej zpét k loziskum. [10]

Obrazek 37: Labyrintova ucpavka — stacionarni ¢ast
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4.7 Celkovy pohled na prevodovku

Obrazek 39: Pohled ze strany vstupu
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Obrazek 40: Pohled dovniti prevodovky
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Obrazek 41: Rez d&lici rovinou
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5 Nataceni prevodovky

Pozadavek na nataceni je z toho diivodu, aby se pfevodovka lépe spojovala se zkouSenou
prevodovkou. U soucasné pomocné prevodovky se v piipadé nesouososti musela prevodovka
ruzné podkladat, aby byly spojované hiidele v jedné ose. Natacenim celé ptevodovky se proces
ustaveni do spravné pozice znaéné zjednodusi a zrychli. Nata¢eni musi byt minimalné 50 [mm]
vyskove na ob¢ strany u obou pastorki.

5.1 Varianty nataceni

5.1.1 1. Varianta

Prvni variantou je otocné ulozena deska, na které by byla pfimontovana samotna
prevodovka. Toto feseni je velmi jednoduché, ale ma jednu nevyhodu. Na horni desce by spolu
s pomocnou prevodovkou musel byt ulozen také hnaci elektromotor, protoze osa otaceni by
jinak nebyla shodna s osou hiidele hnaciho elektromotoru.

\g

Obrazek 42: Prvni varianta nataceni
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5.1.2 2.Varianta

Druhou variantou je uloZeni horni desky pro pfevodovku na oto¢nych valeckach. Ustavovani
ptevodovky by probihalo tim zpisobem, Ze vstupni hiidel pfevodovky by se spojil s hnacim
elektromotorem. Poté by doslo k ru¢nimu nato¢eni ptevodovky po valeccich do potiebné
polohy, tak aby bylo mozné spojeni se zkouSenou ptevodovkou.

Obrazek 43: Druhé varianta

Obrazek 44: Rez druhou variantou
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5.1.3 3. Varianta

Tteti variantou je realizovat nati¢eni pomoci $nekového mechanismu. Snekové kolo je
V tomto pfipadé soucasti horni naklapéci desky. K nakldpeéni horni desky s prevodovkou by
dochazelo otacenim Snekové hiidele. Mezi deskou a spodnim télesem by bylo kluzné uloZeni.

Obrazek 45: Treti varianta

Obrazek 46: Rez tieti variantou
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5.1.4 Volba varianty

Varianta byla zvolena na zéklad¢ nékolika kritérii. Prvni varianta je velmi jednoducha, ale
jak uz bylo zminéno, tak méa velkou nevyhodu. Elektromotor by se musel natacet spolu
s ptevodovkou, a to by bylo zbyte¢né slozité. Z toho divodu bylo rozhodnuti mezi druhou a
tieti variantou. Druha varianta je konstrukéné jednodussi a byla by i vyrobn¢ levngjsi. Na
druhou stranu by ale bylo velmi obtizné s pfevodovkou natacet a ustavovat do piesné pozice,
pokud by méla velkou hmotnost. Takze po spocitani predbézné celkové hmotnosti prevodovky
doslo ke zvoleni tfeti varianty pomoci snekového mechanismu.

5.2 Snekové nataceni

Snekovy mechanismus bude poé¢itan na zatézovani od tieci sily v uloZeni. Zvolil jsem
$nekové soukoli valcové, které ma 3nek i $nekové kolo ve tvaru valct. Snekové kolo je
V podstaté¢ valcové kolo se Sikmymi zuby. Tento typ je nejjednodussi a pouziva se obCasny
kratky provoz a ruéni pohon, coz je muj ptipad. Pfevodovy pomér je zvolen tak, aby pfi jedné
otacce Snekového hiidele se $Snekové kolo pootocilo o 1[°]. Tohoto poméru se dosahlo zvolenim
jednochodého $neku (z; = 1) a poctem zubli $Snekového kola z, = 360. Tocivy moment
Snekové htidele je zvolen 10 [N.m] tak, aby ¢loveék, ktery bude pievodovku natacet ji byl
schopen otocit pfi vyvozeni minimalniho asili. Modul ozubeni a soucinitel praméru $neku byl
zvolen a zbytek parametra byl dopocitan. Kontrolovalo se, aby obvodova sila na Snekovém kole
byla vétsi nez tieci sila v uloZeni od tihy pfevodovky, aby bylo mozné pievodovkou otacet.
Snek bude ulozen ve valivych loZiskach a horni deska se $nekovym kolem bude se spodni &asti
uloZena kluzné. Otaceni Sneku bude realizovano pomoci ru¢ni kliky.

5.2.1 Vypocet Snekového soukoli

Parametry pro vypocet Snekového soukoli jsou uvedeny v nasledujici tabulce.

Tabulka 15: Parametry pro vypocet

Pocet zubtl $neku Z, 1 [-]
Pocet zubt kola Z, 360 [-]
Modul m, 4 [mm]
Soucinitel praiméru $neku q 10 [-]
Uhel zabéru a, 20 [°]
Jednotkova vyska hlavy hy 1 [-]
Jednotkova velikost radialni vile Ca 0,25 [-]
Soucinitel tfeni f 0,1 [-]
Tocivy moment na $nekovém hiideli | M, 10 [N.m]
Hmotnost ptevodovky Q 1535,3 [ka]
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Obrazek 47: Rozklad sil na $nekovém soukoli [3]

Ttect sila od hmotnosti ptevodovky
Fr=Fy.f =Q.g.f = 1535,3[N]

Uhel stoupani $roubovice
Z1 .14
= = = ,— = 5'74 °
1= Sy = Y =Sy [°]

Tteci thel
tgo=f =2¢=tg™.f =571[°]
Rozte¢na pramér $nekového kola

d, = o = 1447,26
2_cosy'Z2_ ,26 [mm]

Hlavova kruznice $nekového kola
dg, = dy + 2.h}.m, = 1455,26 [mm]
Patni kruznice Snekového kola
dfp = dy — 2.(hg.cq).my, = 1437,26 [mm]
Rozte¢ny primér Sneku
d, = q.m, = 40 [mm]
Hlavova kruznice Sneku
dg1 = dy + 2.h}.m, = 48 [mm]
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Patni kruznice $Sneku
dey = dy — 2.(hg.cg).my = 30 [mm]

Obvodova sila na $nekové hiideli

2. M,
Fo1 = Fy = 2 500 [N]
Axialni sila na Snekové hiideli
Foq
F,=—"—=24686[N
T tgr+ ) V]

Jak je patrné z rozkladu sil na Snekovém soukoli, tak axialni sila na Sneku je rovna obvodové
sile na Snekovém kole

Fy1 = Fp, = 2468,6 [N]
Fy, > Fr = podminka pohybu je splnéna

Radialni sila na Snekovém hrideli

tg a
Fru=F, 2

. = 1661,96 [N
01 siny +cosy.tg ¢ V]

5.2.2 Ulozeni $nekového hridele

Snekovy hiidel je ulozen ve dvou kuli¢kovych loZiskach s kosouhlym stykem, ktera jsou
schopna prenaset jak radidlni, tak axidlni zatizeni. Maximalni primér vnitiniho krouzku loziska
je dan primérem $neku. Jedna se o loziska SKF 7305 BE-2RZP.

Loziska se budou kontrolovat pouze na statickou tinosnost, protoze otacky 1 zatiZzeni jsou
velmi malé.

Obrazek 48: Lozisko s kosouhlym stykem SKF 7305 BE-2RZP [8]
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5.2.2.1 ZatiZeni loZisek
Loziska jsou zatéZovana radidlni a axidlni silou ze $Snekového soukoli.

Radialni zatizeni je vypoctené jako vektorovy soucet obvodové a radialni sily na $neku. Tato
hodnota predstavuje zatiZeni, které musi byt loZiska schopna pfenést. JelikoZ se jedna o syme-
trické ulozeni lozisek vii¢i ozubenému zabéru soukoli, tak sila na jedno lozisko je polovina této

hodnoty.
Fp = /Ffl + F2 = 17355 [N]

Radialni sila plisobici na jedno loZisko
Fg
FRl = FRZ = 7 = 867,75 [N]

Celkova zatézujici sila plisobici na loziska

Feet = ’F,%l + F2 = 2616,67 [N]

Dovolena staticka bezpecnost loziska je 14 000 [N] = loziska vyhovuji.

5.2.3 Kluzné uloZeni nataceci desky se Snekovym kolem

Kluzné plocha je vytvofena pomoci kluznych paskii. Tyto pasky se nalepi na kluzné plochy
spodni soucasti. Po téchto paskach dochazi ke kluznému uloZeni téchto dvou soucasti. Toto
feSeni je jednoduché a ekonomicky vyhodnéj$i nez kluzné plochy slozité obrabét. Pasky lze
snadno pfizpisobit dosedaci ploSe a maji dobré tieci vlastnosti, vysokou unosnost a jedna se
témer o beztdrzbovy provoz. Vyrabi se v riznych Sitkdch a velikostech z kompozitnich
materiald PTFE (polytetrafluorethylen) a POM (polyoxymethylen). Pro tento ptipad by bylo
vhodné poptat u vyrobcii téchto feSeni o navrh pfimo na miru.

5.2.3.1 Kompozit PTFE

Tento material je uréen pro pracovni podminky bez maziva a bezadrzbovy provoz s nizkym
ttenim. LoZisko ma teflonovou kluznou vrstvu s malou provozni viili, vysokou Uinosnosti a je
vhodné pro provoz pii vysokych kluznych rychlostech a velkém zatizeni. [11]

5.2.3.2 Kompozit POM

Jedna se o 3-vrstva loziska skruzena z kovovych past s vrstvou POM (0,3-0,5mm). Ve vrstvé
POM jsou vytlaeny kruhové kapsy, které slouzi jako zasobniky maziva. Tyto kapsy jsou
urcené pro naplnéni mazivem a umoznuji dlouhé mazaci intervaly. Jsou vhodna pro specialni
konstrukce, kde se o¢ekava sttedné velké zatiZeni a relativni pomaly pohyb. Maji nizké naroky
na tdrzbu, malé opotiebeni, dobrou tlumici schopnost a odolnost proti raztiim. [11]
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Obrazek 49: Kluzny pas z POM [11]

5.2.4 Zajisténi nataceciho mechanismu

Pfi nato€eni pievodovky do potfebné polohy je nutné zajistit, aby pii provozu nedoslo
k samovolnému uvolnéni natac¢eciho mechanismu. K tomu bude slouzit jednoduchy svérny
spoj, ktery je umistén na vicku, kterym prochazi $nekova hiidel. Po ustaveni do potiebné polohy
dojde pomoci rychloupinaciho excentru se Sroubem ke stazeni svérného spoje okolo $nekové
htidele. Tim dojde k zamezeni samovolného otaceni Snekové hiidele vlivem vzniklého tfeni
mezi ndbojem a hiidelem. Rychloupinaci excentr je pouzit od firmy Halder.

.
-
=
-
=
=
=
=
-
»
=
=
=
-
-
-

Obrazek 50: Rychloupinaci excentr se Sroubem [12]
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Obrazek 51: Svérny spoj

5.2.5 Pohon nataéeciho mechanismu

Pro nataceni prevodovky byl zvolen ru¢ni pohon pomoci ru¢ni kliky. Tento pohon byl
zvolen, protoze se jednd o velmi nizké otacky a malé sily. Rucni klika je na Snekové hiideli
nasazena na polygonovy spoj, aby bylo mozné jeji nasazovani a sundavani.

5.2.6 Kompletni nata¢eci mechanismus

Obrazek 52: Nataceci mechanismus
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Obrazek 53: Rez natac¢ecim mechanismem

5.3 Sestava pievodovky s nata¢ecim mechanismem

Obrazek 54: Kompletni sestava pfevodovky
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6 Modalni analyza

Modalni analyza se pouziva pro nalezeni dynamickych vlastnosti konstrukce. Vysledkem
této analyzy je ziskani hodnot vlastnich frekvenci, kterym odpovidaji ptislusné vlastni tvary
(kmity). Tyto vlastni kmity vznikaji v sou¢astech pii provozu pusobenim riznych dynamickych
sil, které zplsobuji mechanické kmitani. Hodnoty téchto vlastnich frekvenci je potifebné
porovnat s budicimi frekvencemi. V moment¢, kdy jsou vlastni frekvence shodné nebo blizké
budicim frekvencim, tak dochazi k rezonanci. Pii rezonanci dochazi k rozkmitavani konstrukce
a dochazi k dynamickému namahani soucasti. To v lep$im ptipad€ mlze zpisobovat nadmérny
hluk nebo v hor$im ptipad¢ mize vést az k poskozeni soucasti.

6.1 Modalni analyza prevodovky

V piipadé této pievodovky jsem spocital vlastni frekvence a porovnal je s budicimi
frekvencemi, které vznikaji v zabérech ozubeni. Zubové frekvence jsou zavislé na otackach
hiideli a poctech zubl. V tomto piipadé se otacky hiideli této prevodovky budou odvijet
od toho, jaka prfevodovka se na zkusebn¢ bude zrovna zkouset. Proto doslo ke spocitani zubo-
vych frekvenci pfi minimalnich a maximalnich otackach, které pti provozu mohou nastat. Tyto
frekvence porovnam s vlastnimi frekvencemi pfevodovky, abych zjistil, zda mize pii téchto
otackach dojit k rezonanci. Vlastni frekvence byly spocitany pomoci softwaru NX Nastran.

Zubova frekvence pfi minimalnich otdckach

n .
Fomin = %.z = 2575 [Hz]

Zubova frekvence pii maximalnich otackach
n
fomax = %.z = 6180 [Hz]

Mezi témito hodnotami a v jejich okoli doslo ke spocitani vlastnich frekvenci prevodovky.
Vyssi vlastni frekvence nebylo nutné pocitat, protoze vyssi zubové frekvence nemohou nastat.
Nizsi frekvence se nepocitaly z toho divodu, protoze v této oblasti dochazi k ndbéhu motoru
na provozni otacky. Takze kdyby k n&jaké shodné vlastnich frekvenci s budicimi doslo, tak by
se rychle ptejely a k nebezpeéné rezonanci by nedoslo.

Zde budou uvedeny pouze nejblizsi nizsi a nejblizsi vyssi vlastni frekvence v okoli zubovych
frekvenci. Zbytek vlastnich frekvenci je uveden v piiloze ¢. 16, aby bylo mozné zjistit, v jakych
frekvencich je pfi provozu nebezpecné se pohybovat.

Tabulka 16: Zubové a vlastni frekvence

Zubova frekvence | Nejblizsi nizsi vlastni frekvence | Nejblizsi vyssi vlastni frekvence
2575 [Hz] 2520,53 [Hz] 2599,6 [Hz]
6180 [Hz] 6102,74[Hz] 6200,29 [Hz]
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6.1.1 Vlastni frekvence v okoli minimalni zubové frekvence

. 0.087¢9

0.0805
-

0.0732
0.0659
0.0586
0.0513
0.0439
- 0.0366
. 0.0293
0.0220
0.0146

0.0073

0.0000

mm

Obrazek 55: Vlastni frekvence 2520,53 Hz

0.192

0.176

0.160

0.144

0.128

0.112

0.096

ﬂ.l—
o
o
@
=

Obréazek 56: Vlastni frekvence 2599,6 Hz
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6.1.2 Vlastni frekvence v okoli maximalni zubové frekvence

HE

mm

[

0.287

0.263

0.240

0.216

0.192

0.168

0.144

0.120

0.096

0.072

0.048

0.024

0.000

0.335

0.307

0.279

0.251

0.223

0.195

Obrazek 57: Vlastni frekvence 6102,74 Hz

Obrazek 58: Vlastni frekvence 6200,29 Hz
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Jak je patrné ztabulky 16, tak budici frekvence (zubové) jsou pifi minimalnich a
maximalnich otdckach rozdilné od vlastnich frekvenci ptevodovky. Z toho plyne, ze v téchto
oblastech k rezonanci nedojde.

7 Zavér

Diplomova prace se zabyva nadvrhem a konstrukci dvourychlostni rychlobézné prevodovky
pro zkuSebni stand. Jedna se o modernizaci soucasné¢ho feseni, pro zkouSeni zhotovenych
pirevodovek. Timto feSenim dojde ke znacné tUspofe Casu pii spojovani se zkouSenou
pievodovkou, diky dvéma vystupnim ¢lentim a moznosti nataceni.

V uvodni casti této prace jsou rozdéleny a popsany pievodové mechanismy. Podrobnéjsi
popis byl vénovan pifevodovym mechanismim pomoci ozubenych kol, které v této praci byly
pouzity.

Dalsi cast se zamétuje na navrh a vypocet jednotlivych ¢asti prevodovky. Z predbéznych
vypocti ozubeni doslo na vypocet a kontrolu ozubenych kol pomoci softwaru KISSsys. Dale
jsem pomoci softwaru KISSsoft navrhl a zkontroloval hiidele a valiva loziska. Z tohoto
softwaru jsem také ziskal reakéni ucinky plsobici na kluzna loziska, ktera poté slouzila
K navrhnuti segmentovych lozisek piimo na miru této pievodovce. Také bylo potfeba spocitat
nalisovani jednotlivych soucasti, u kterych bylo toto spojeni zvoleno. Nalisovani bylo spocitano
analyticky (ru¢n€) a poté bylo pro potfeby zadavajici firmy zkontrolovano softwarem KISSsoft.
Spocitano bylo také drazkovani na pastorcich pro ptipojeni ptirub spojky.

Poté nasledovalo navrzeni zptsobu nataceni. Ze tii navrzenych variant bylo zvoleno jako
nejvhodnéjsi nataceni pomoci $nekového mechanismu. U tohoto mechanismu doslo k jeho
navrzeni a ulozeni v loziskach. Pohon nataceni je realizovan pomoci ru¢ni kliky. Aby nedoslo
za provozu k nezadoucimu pohybu mechanismu, je $nekova hiidel zajisténa svérnym spojem.

Na zavér byl zhotoven model celkové konstrukce prevodovky i s nataCecim mechanismem.
Konstrukce pievodovky byla podrobena modalni analyze, pro zjisténi vlastnich frekvenci, které
byly nasledné porovnany s budicimi frekvencemi od zubového zabéru. Model a vykresova
dokumentace byly zhotoveny v softwaru Siemens NX. Vykresova dokumentace obsahuje
sestavu s kusovnikem a vyrobni vykresy pastorkd.
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Calculation of a helical-toothed cylindrical gear pair

Drawing or article number:
Gear 1:
Gear 2:

Calculation method

z1(GearPair_const2)
z3(GearPair_const2)

1ISO 6336:2019

------- Gear 1 -------- Gear 2 --
Power (kW) [P] 999.780
Speed (1/min) [n] 1500.0 4544.1
Torque (Nm) [T] 6364.8 2101.0
Application factor [KA] 1.50
Required service life (h) [H] 10000.00
Gear driving (+) / driven (-) + -
Working flank gear 1: Right flank
Gear 1 direction of rotation: Clockwise
Tooth geometry and material
Geometry calculation according to 1ISO 21771:2007

——————— Gear 1 -------- Gear 2 --
Center distance (mm) [a] 355.000
Center distance tolerance 1ISO 286:2010 Measure js7
Normal module (mm) [mn] 5.0000
Normal pressure angle (°) [an] 20.0000
Helix angle at reference circle (°) [B] 13.0000
Number of teeth [z] 103 34
Facewidth (mm) [b] 70.00 74.00
Hand of gear right left
Accuracy grade [Q-1SO 1328:2013] A4 A4
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gearl
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=30HRC
Gear2
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=30HRC

------- Gear 1 -------- Gear 2 --
Surface hardness HRC 61 HRC 61

Material treatment according to 1SO 6336:2006 Normal, life factors ZNT and YNT >=0.85

Fatigue strength. tooth root stress (N/mm?) [oFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?) [oHIim] 1500.00 1500.00
Tensile strength (N/mm?) [oB] 1200.00 1200.00
Yield point (N/mm?) [0S] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [v] 0.300 0.300
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Roughness average value DS, flank (um)
Roughness average value DS, root (um)
Mean roughness height, Rz, flank (um)
Mean roughness height, Rz, root (um)

Gear reference profil

1:
Reference profile, Own Input
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height
coefficient Protuberance angle
Tip form height coefficient
Ramp angle

Gear reference profil

2:
Reference profile, Own Input
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height
coefficient Protuberance angle
Tip form height coefficient
Ramp angle

Information on final machining

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

Tip form height coefficient
Ramp angle (°)

Type of profile modification:
Tip relief by running in (um)

Lubrication type
Type of oil
Lubricant base

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

Oil nominal kinematic viscosity at 100°C (mm?/s)
Specific density at 15°C (kg/dm?)
Oil temperature (°C)

Gear pair

Overall transmission ratio
Gear ratio

Transverse module (mm)
Transverse pressure angle (°)
Working pressure angle (°)

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

Base helix angle (°)

Reference center distance (mm)

Pitch on reference circle (mm)

Base pitch (mm)
Transverse pitch on contact-path (mm)
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[RAH]
[RAF]
[RZH]
[RZF]

0.60
3.00
4.80
20.00

KISSsoft

0.60
3.00
4.80
20.00

1.25/0.25/ 1.0 1ISO 53:1998 Profil C

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

not topping

[hfP*]
[pfP*]
[haP*]
[paP?]
[hprP*]
[oprP]
[hFaP*]
[aKP]

not topping

[hfP*]
[pfP7]
[haP*]
[hprP*]
[aprP]
[hFaP*]
[aKP]

1.250
0.250
1.000
0.000
0.000
0.000
0.000

none (only running-in)
20 /2020/20

[Ca L/R]

Oil injection lubrication

ISO-VG 46

Mineral-oil base

[v40]
[v100]

[e]
[Ts]

[itot]

[u]

[mt]

[at]
[awt]
[awt.efi]
[awn]
[Bw]
[Bb]
[ad]

[pt]
[pbt]
[pet]

1.250
0.250 (pfPmax*=0.472)
1.000
0.000
0.000
0.000
0.000
0.000

1.250
0.250 (pfPmax*=0.472)
1.000
0.000
0.000
0.000
0.000
0.000

1.250
0.250
1.000
0.000
0.000
0.000
0.000

46.00

6.70
0.880

70.000

-0.330
3.029
5.132
20.483
21.942
21.953
21.421
13.125
12.204
351.509

16.121
15.102
15.102

/21.930
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Sum of profile shift coefficients [=xi] 0.7222
Transverse contact ratio [ea] 1.516
Transverse contact ratio with allowances [ea.e/mli] 1.521 /1.512/1.502
Overlap ratio [eB] 1.002
Total contact ratio [ev] 2.519
Total contact ratio with allowances [ey.e/mli] 2.524 /2.514 ] 2.505
Length of path of contact (mm) [oa, efi] 22.897( 22.973/ 22.687)
Length T1-A (mm) [T1A] 83.029( 82.952/ 83.149)
Length T1-B (mm) [T1B] 90.823( 90.823/ 90.734)
Length T1-C (mm) [T1C] 99.729(99.672/ 99.787)
Length T1-D (mm) [T1D] 98.130(98.054/ 98.251)
Length T1-E (mm) [T1E] 105.925(105.925 / 105.836 )
Length T2-A (mm) [T2A] 49.621( 49.621/ 49.577)
Length T2-B (mm) [T2B] 41.827( 41.750/ 41.992)
Length T2-C (mm) [T2C] 32.920(32.901/ 32.939)
Length T2-D (mm) [T2D] 34.519(34.519/ 34.475)
Length T2-E (mm) [T2E] 26.725( 26.648/ 26.890)
Length T1-T2 (mm) [T1T2] 132.650(132.574/ 132.726 )
Minimal length of contact line (mm) [Lmin] 108.492
Gear 1
Lead height (mm) [pz] 7192.321
Axial pitch (mm) [px] 69.828
Profile shift coefficient [x] 0.0242
Tooth thickness, arc, in module [sn*] 1.5884
Tip alteration (mm) [k*mn] -0.120
Reference diameter (mm) [d] 528.547
Base diameter (mm) [db] 495.130
Tip diameter (mm) [da] 538.548
(mm) [da.efi] 538.548/ 538.478
Tip diameter allowances (mm) [Ada.efi] 0.000/ -0.070
Tip form diameter (mm) [dFa] 538.548
(mm) [dFa.efi] 538.548/538.478
Root diameter (mm) [df] 516.288
Generating Profile shift coefficient [XE.efi] -0.0280/ -0.0445
Generated root diameter with XE (mm) [df.efi] 515.766/ 515.602
Root form diameter (mm) [dFf] 518.712
(mm) [dFf.efi] 518.269/518.130
Involute length (mm) [I_dFa-l_dFf] 10.589
Addendum, mn(hap*+x+k) (mm) [ha] 5.001
(mm) [ha.efi] 5.001/ 4.966
Dedendum (mm) [hf=mn*(hfP*-x)] 6.129
(mm) [hf.efi] 6.390/ 6.473
Tooth height (mm) [h] 11.130
Virtual gear no. of teeth [zn] 110.654
Normal tooth thickness at tip circle (mm) [san] 4.142
(mm) [san.efi] 3.977/ 3.888
Normal tooth thickness at tip form circle (mm) [sFan] 4.142
(mm) [sFan.eli] 3.977/ 3.888
Normal space width at root circle (mm) [efn] 3.627
(mm) [efn.efi] 3.660/ 3.671
Gear 2
Lead height (mm) [pz] 2374.164
Axial pitch (mm) [px] 69.828
Profile shift coefficient [x] 0.6980
Tooth thickness, arc, in module [sn*] 2.0789
Tip alteration (mm) [k*mn] -0.120
Reference diameter (mm) [d] 174.472
Base diameter (mm) [db] 163.441
Tip diameter (mm) [da] 191.212
(mm) [da.efi] 191.212/ 191.166
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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)
Involute length (mm)
Addendum, mn(hap*+x+k) (mm)
(mm)
Dedendum (mm)
(mm)
Tooth height (mm)
Virtual gear no. of teeth
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 specific pair data Gear pair 1, Gear 1

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 (m/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 1, 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 (m/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 (°)
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[Ada.eli]
[dFa]
[dFa.efi]
[df]
[XE.efi]
[df.efi]
[dFf]
[dFf.efi]
[I_dFa-l_dFf]
[ha]
[ha.efi]
[hf=mn*(hfP*-x)]
[hf.efi]

[h]

[zn]

[san]
[san.efi]
[sFan]
[sFan.eli]
[efn]
[efn.efi]

[dw]
[dw.eli]
[dNa]
[dNa.efi]
[c]
[c.eli]
[dNf]
[dNf.e/i]
[cF.eli]
[vga]
[Cal

[4f]

[¢m]
[Kga]
[Kaf]

[€dFa.efi]
[¢dNa.efi]
[EdNf.efi]
[€dFf.efi]
[d-B]
[d-D]

[e]

[dw]
[dw.efi]
[dNa]
[dNa.eli]
[c]
[c.eli]
[dNf]
[dNf.efi]
[cF.efi]
[vga]
[Ca]

[¢f]

[gm]
[Kga]
[Kgf]

[EdFa.eli]
[€dNa.e/i]
[EdNf.efi]
[¢dFf.efi]

KISSsoft

0.000/ -0.046
191.212
191.212/191.166
168.952

0.6596/ 0.6458
168.567/ 168.430
170.912
170.594/170.482
11.244

8.370

8.370/ 8.347

2.760

2,952/ 3.021
11.130
36.526

2.909

2,782/ 2.701

2.909

2.782/ 2.701

3.455

3.487/ 3.499

533.796
533.838/533.753
538.548
538.548/538.478

1.250

1574/ 1.414
522.235
522.311/522.186

2.090/ 1.958

3.921

0.236

-0.811

0.390

0.094

-0.252

24515/ 24.494

24515/ 24.494

19.244/ 19.198

17.720/ 17.666

527.399(527.399 / 527.337 )

532.609 ( 532.553 / 532.698 )
0.410( 0.414/ 0.401)

176.204
176.219/176.190
191.212
191.212/191.166
1.250
1.645/ 1.482
171.959
172.062/171.911
0.790/ 0.659
10.571
0.448
-0.308
0.390
0.252
-0.094

34.790/ 34.759
34.790/ 34.759
18.853/ 18.684
17.136/ 16.998



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

General influence factors

Nominal circum. force at pitch circle (N)

Axial force (N)

Radial force (N)

Normal force (N)

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

Axial force (N)

Radial force (N)

Circumferential speed reference circle (m/s)
Circumferential speed operating pitch circle (m/s)

Running-in value (um)

Running-in value (um)

Correction factor

Gear blank factor

Basic rack factor

Material coefficient

Singular tooth stiffness (N/mm/um)
Meshing stiffness (N/mm/pm)

Meshing stiffness (N/mm/pm)
Reduced mass (kg/mm)

Resonance speed (min-1)

Resonance ratio (-)

Intermediate range

Running-in value (um)

Bearing distance | of pinion shaft (mm)
Distance s of pinion shaft (mm)
Outside diameter of pinion shaft (mm)
Load in accordance with Figure 13, ISO 6336-1:2006
0:a), 1:b), 2:c), 3:d), 4:e)

Coefficient K' according to Figure 13, ISO 6336-1:2006

With stiffening
Tooth trace deviation (active) (um)
from deformation of shaft (um)
fsh (um) =1.87, B1= 1.00, fHB5 (um) = 8.00
Tooth without tooth trace modification
Position of contact pattern:
from production tolerances (um)
B2=
1.00
Tooth trace deviation, theoretical (um)
Running-in value (um)

Dynamic factor

Face load factor - flank
Tooth root
Scuffing

Transverse load factor - flank
Tooth root

Scuffing

Number of load cycles (in mio.)

Tooth root load capacity

[d-B]
[d-D]
[€]

[F

[Fa]
[Fr]
[Fnorm]
[w]

[Ftw]
[Faw]
[Frw]
[v]
[v(dw)]

[yp]
[yf]
[cM]
[CR]
[CBS]
[E/Est]
[c]
[cya]
[cyB]
[mRed]
[nE1]
[N]

[yl

Ui

[s]

[dsh]
[

[FBy]

[fsh*B1]

(K]

KISSsoft

183.605 ( 183.536 / 183.756 )
177.424 (177.424 1 177.390 )
1.106 (  1.107/ 1.102)

Gear 1 -------- Gear 2 --
24084.1
5560.3
8996.5
26304.0
344.06

23847.3
5560.3
9606.7

41.51
41.92

0.4
0.4
0.800
1.000
0.975
1.000
15.311
21.238
18.052
0.10763
1302
1.152

0.4
148.000
14.800
74.000
1

-0.48

8.73
1.87

not verified or inappropriate

[fma*B2]

[FBx]
[yBl

[Kv]

[KHB]
[KFB]
[KBB]
[KHa]
[KFa]
[KBa]

[NL]

Calculation of Tooth form coefficients according method: B

Calculated with generating profile shift coefficient
Tooth form factor
Stress correction factor
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[XE.i]
[YF]
[Ys]

7.78
10.27
1.54
1.468
1.104
1.087
1.104
1.000
1.000
1.000

900.000 2726.471

Gear 1 -------- Gear 2 --
-0.0445 0.6458
1.16 0.90
2.27 2.79



Load application angle (°) [aFen]
Coefficient [fe]
Load application diameter (mm) [den]
Bending moment arm (mm) [hF]
Tooth thickness at root (mm) [sFn]
Tooth root radius (mm) [pF]
Bending moment arm (-) [hF/mn]
Tooth thickness at root (-) [sFn/mn]
Tooth root radius (-) [pF/mn]
Calculation cross section diameter (mm) [dskn]
Tangents on calculation cross section (°) [asen]
Notch parameter [as]
Helix angle factor [YB]
Deep tooth factor [YDT]
Gear rim factor [YB]
Effective facewidth (mm) [beff]
Nominal stress at tooth root (N/mm?) [oFQ]
Tooth root stress (N/mm?) [oF]
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT]
Surface factor [YRrelT]
Size factor, tooth root [YX]
Finite life factor [YNT]
Yc*Ydrem* Y Reem* Y x*Y Nt
Alternating bending factor, mean stress influence coefficient
[YM]
Stress correction factor [Yst]
Yst*oFlim (N/mm?) [oFE]
Permissible tooth root stress cFG/SFmin (N/mm?2)  [oFP]
Limit strength tooth root (N/mm?) [oFG]
Required safety [SFmin]
Safety for tooth root stress [SF=0FG/oF]
Transmittable power (kW) [kWRating]
Flank safety
Zone factor [ZH]
Elasticity factor (YN/mm2) [ZE]
Contact ratio factor [Zg]
Helix angle factor [ZB]
Effective facewidth (mm) [beff]
Nominal contact stress (N/mm?) [oHO]
Contact stress at operating pitch circle (N/mm?) [oHw]

Coefficient[fZCa] 1.20 (Helical gear sets without flank modifications)

Single tooth contact factor [ZB,zD]

Contact stress (N/mm?) [oHB, oHD]

Lubrication factor for NL [ZL]

Speed factor for NL [ZV]

Roughness factor for NL [ZR]

Material hardening factor for NL [ZW]

Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]

Limited pitting is permitted: No

Size factor (flank) [ZX]

Permissible contact stress, cHG/SHmin (N/mm?) [oHP]

Pitting stress limit (N/mm?) [oHG]

Required safety [SHmin]

Safety factor for contact stress at operating pitch circle
Safety against pressure, cHG/oHBD Single contact [SHBD]

[SHw]

Safety regarding transmittable torque
Transmittable power (kW)

Micropitting according to
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[(SHBD)"2]
[kWRating]

ISO/TS 6336-22:

KISSsoft

20.33 24.04
0.794
532.110 182.975
6.39 5.27
11.43 11.61
1.82 1.41
1.278 1.054
2.286 2.323
0.364 0.282
517.044 169.614
30.000  30.000
3.143 4.117
0.964
1.000
1.00 1.00
70.00 74.00
17479  158.01
418.28  378.12
1.006 1.014
0.957 0.957
1.000 1.000
0.892 0.872
0.858 0.846
1.000 1.000
2.00
1000.00 1000.00
613.10 604.32
858.35 846.04
1.40 1.40
2.05 2.24

1465.46 1597.87

Gear 1 -------- Gear 2 --

2.352

189.812

0.812

1.013
70.00
594.75
927.32

1.10 1.10

1015.83 1015.83

0.931 0.931
1.042 1.042
0.987 0.987
1.000 1.000
0.915 0.885
0.876 0.847
1.000 1.000
1313.94 1270.02
1313.94 1270.02
1.00 1.00
1.42 1.37
1.29 1.25
1.67 1.56
1672.67 1562.72
2018



Scuffing load capacity
Calculation method according to

Helical load factor for scuffing
Lubrication coefficient for lubrication type
Scuffing test and load stage

Multiple meshing factor

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

Optimal tip relief (um)

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

Effective facewidth (mm)

Applicable circumferential force/facewidth (N/mm)

KBy =
Angle factor
€1: 0.410,€2: 1.106

1.227 , wBt*KBy =1026.177

Flash temperature-criteria

Lubricant factor

Tooth mass temperature (°C)
OMi = Boil + XS*0.47*Xmp*6fim

Average flash temperature

Scuffing temperature (°C)

I" coordinates (point of highest temperature)
[l.A]=-0.167 [I".E]= 0.062

Highest contact temp. (°C)

Flash factor (°K*N”-.75*s".5*m”-.5*mm)

Approach factor

Load sharing factor

Dynamic viscosity (mPa*s)

Coefficient of friction

Required safety

Margin of safety for scuffing, flash temperature

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

Measurements for tooth thickness

Tooth thickness tolerance

Tooth thickness allowance (normal section) (mm)

Number of teeth spanned

Base tangent length (no backlash) (mm)

Base tangent length with allowance (mm)
(mm)

Diameter of measuring circle (mm)

719
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ISO/TS 6336-20/21:2017

[KBY] 1.227
[XS] 1.200
[FZGtest] FZG - Test A/8.3/90 (ISO 14635 - 1)
[Xmp] 1.000
[XWrelT] 1.000
[BM] 13.780  13.780
[Ca] 2.00 2.00
[Ceff] 24.30
0 0
[beff] 70.000
[wBt] 836.413
[Xap] 1.001
[XL] 0.882
[BMi] 92.00
(°C) [6flm] 39.00
[68] 365.70
[l -0.167
[6B] 189.82
[XM] 50.058
[XJ] 1.173
[XT] 0.648
[nM] 12.38 (700 °C)
[um] 0.042
[SBmin] 2.000
[SB] 2.468
[XL] 1.000
[BMC] 101.45
(°C) [6flaint] 37.44
[BSint] 365.79
[XM] 50.058
[XE] 1.000
[Xe] 0.267
[nGil] 12.38 (70.0 °C)
[um] 0.036
[XBE] 0.231
[XQ] 0.681
[XCa] 1177
[Bint] 157.61
[SSmin] 1.800
[SSint] 2.321
[SSL] 3.376
------- Gear 1 -------- Gear 2 --

DIN 3967 bc25 DIN 3967 bc25
[As.efi] -0.190/ -0.250-0.140 /
[K] 13.000 6.000
[WK] 192.358 86.135
[Wk.efi] 192.180/ 192.123 86.004 /
[AWK.efi] -0.179/ -0.235-0.132/
[dMWk.m]  529.553 183.780



Theoretical diameter of ball/pin (mm)
Effective diameter of ball/pin (mm)

[DM]
[DMeff]

Radial single-ball measurement backlash free (mm) [MrK]

Radial single-ball measurement (mm)
Diameter of measuring circle (mm)

[MrK.efi]
[dMMr.m]

8.409

9.000
271.185
270.939 /
529.614

Diametral measurement over two balls without clearance (mm)[MdK] 542.309

Diametral two ball measure (mm)

[MdK.efi]

541.816 /

Diametral measurement over pins without clearance (mm) [MdR] 542.371
Measurement over pins according to DIN 3960 (mm) [MdR.e/i]
Measurement over 2 pins, free, according to AGMA 2002 (mm)
Measurement over 2 pins, transverse, according to AGMA 2002 (mm)

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

Chordal tooth thickness (no backlash) (mm)

Normal chordal tooth thickness with allowance (mm) [sc.e/i]

Reference chordal height from da.m (mm)

Tooth thickness, arc (mm)
(mm)

Backlash free center distance (mm)
Backlash free center distance, allowances (mm)

dNf.i with aControl (mm)
Reserve (dNf0.i-dFf.e)/2 (mm)
Tip clearance (mm)

Center distance allowances (mm)

Circumferential backlash from Aa (mm)

Radial backlash (mm)

Circumferential backlash (transverse section) (mm)

Normal backlash (mm)

Torsional angle on input with output fixed:

Total torsional angle (°)

Toothing tolerances

According to ISO 1328-1:2013, ISO 1328-2:1997

Accuracy grade
Single pitch deviation (um)

Base circle pitch deviation (um)
Sector pitch deviation over k/8 pitches (um)

Profile form deviation (um)
Profile slope deviation (um)
Total profile deviation (um)
Helix form deviation (um)
Helix slope deviation (um)
Total helix deviation (um)

Total cumulative pitch deviation (um)

Adjacent pitch difference (um)
Runout (um)

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

Radial composite, total (um)

Radial composite, tooth-to-tooth (um)

541.878 |
[dk2f.e/i]541.813

[dk2t.efi] 541.940 /
[dk3A.efi]  541.878 /
[sc] 7.942
7.753 /
[ha] 5.012
[sn] 7.942
[sn.efi] 7.752 |
[aControl.efi] 354.574/
[ita] -0.426 /
[dNfO.i] 521.270
[cFO.] 1.500
[c0.i(aControl)] 0.873
[Aa.eli] 0.029/
[itw_Aa.eli] 0.023/
[jrw.efi] 0.597/
[itw.efi] 0.479/
[in.efi] 0.433/
[j.tSys] 0.1028/
——————— Gear 1 ------
[Ql A4
[fptT] 5.50
[fpbT] 5.00
[Fpk/8T] 13.00
[ffaT] 5.50
[fHaT] 4.60
[FaT] 7.00
[ffRT] 6.50
[fHBT] 5.50
[FBT] 9.00
[FpT] 21.00
[fuT] 7.50
[FrT] 19.00
[FisT] 26.00
(um) [fisT] 4.90
[FidT] 30.00
[fidT] 11.00

KISSsoft

9.573
10.000
98.306
270.861 98.166 / 98.116
181.794
196.611
541.660196.331 / 196.231
196.611
541.722196.331 / 196.231
/541.657 0.000/ 0.000

541.784 0.000/ 0.000
541.722196.331 / 196.231

10.389
7.693 10.252 / 10.203
8.506

10.395
7.692 10.255/ 10.205

354.431
-0.569
171.032
0.219
0.942
-0.029

-0.023
0.398
0.319
0.291

0.0685

10.00
5.50
4.40
7.00
6.00
5.50
8.50

16.00
7.00

15.00

21.00
4.90

25.00

11.00

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

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

Maximum value for deviation error of axis (um)
Maximum value for inclination error of axes (um)

Modifying and defining the tooth form

Data for the tooth form calculation :

Data not available.

4

[fZB]
[f23]

9.

51 (FB=  9.00 )

19.03

Please run the calculation in the "Tooth form" tab and open the main report again.
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Supplementary data

Mass (kg) [m] 119.746 14.758
Total mass (kg) [mGes] 134.504
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] 4.16371 0.05982
System (da+df)/2...di (kg*m?) [J] 471274
Torsional stiffness at driving gear with fixed driven gear:
Torsional stiffness (MNm/rad) [er] 76.687
Torsion when subjected to nominal torque (°) [dcr] 0.005
Mean coefficient of friction (as defined in Niemann)  [um] 0.034
Wear sliding coef. by Niemann [Qw] 0.444
Loss factor [HV] 0.110
Gear power loss (kW) [PVZ] 3.742

Meshing efficiency (%) [nz] 99.626
Sound pressure level according to Masuda, without contact analysis

[dB(A)] 106.9

Oil requirement for injection lubrication (I/min) [Voil] 11.682

with oil cooler, for assumed difference in temperature of oil (°C):

10

Service life, damage

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00
Service life (calculated with required safeties):
System service life (h) [Hatt] > 1000000
Tooth root service life (h) [HFatt] 1le+06 1le+06
Tooth flank service life (h) [HHatt] 1le+06 1le+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 [H] ( 10000.0 h)
F1% F2% H1% H2%
0.00 0.0000 0.0000  0.0000
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 ISO 6336-2:2008 with Z3 = 1/(COS(3)"0.5)
- Details of calculation method:

cy according to Method B Kv

according to Method B

KHB and KF according to Method C

fma according to Equation 64, fsh according to 57/58, FBx according to

52/53/54 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, ZV, ZR, ZW, ZX, YdrelT, YRrelT and YX..

End of Report lines: 631
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Calculation of a helical-toothed cylindrical gear pair

Drawing or article number:
Gear 1:
Gear 2:

Calculation method

z1(GearPair_constl)
z2(GearPair_constl)

1ISO 6336:2019

------- Gear 1 -------- Gear 2 --
Power (kW) [P] 1000.255
Speed (1/min) [n] 1500.0 9088.2
Torque (Nm) [T] 6367.8 1051.0
Application factor [KA] 1.50
Required service life (h) [H] 10000.00
Gear driving (+) / driven (-) + -
Working flank gear 1: Right flank
Gear 1 direction of rotation: Clockwise
Tooth geometry and material
Geometry calculation according to 1ISO 21771:2007

------- Gear 1 -------- Gear 2 --
Center distance (mm) [a] 310.000
Center distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 5.0000
Normal pressure angle (°) [an] 20.0000
Helix angle at reference circle (°) [B] 13.0000
Number of teeth [Z] 103 17
Facewidth (mm) [b] 70.00 74.00
Hand of gear right left
Accuracy grade [Q-1SO 1328:2013] A4 A4
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gearl
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=30HRC
Gear2
18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), Core hardness >=30HRC

------- Gear 1 -------- Gear 2 --
Surface hardness 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/mm?) [oFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?) [oHIlim] 1500.00 1500.00
Tensile strength (N/mm?) [oB] 1200.00 1200.00
Yield point (N/mm?) [oS] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [v] 0.300 0.300
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Roughness average value DS, flank (um)
Roughness average value DS, root (um)
Mean roughness height, Rz, flank (um)
Mean roughness height, Rz, root (um)

Gear reference profil

1:
Reference profile, Own Input
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height
coefficient Protuberance angle
Tip form height coefficient
Ramp angle

Gear reference profil

2:
Reference profile, Own Input
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height
coefficient Protuberance angle
Tip form height coefficient
Ramp angle

Information on final machining

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

Tip form height coefficient
Ramp angle (°)

Type of profile modification:
Tip relief by running in (um)

Lubrication type
Type of oil
Lubricant base

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

Oil nominal kinematic viscosity at 100°C (mm?/s)
Specific density at 15°C (kg/dm?)
Oil temperature (°C)

Gear pair

Overall transmission ratio
Gear ratio

Transverse module (mm)
Transverse pressure angle (°)
Working pressure angle (°)

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

Base helix angle (°)

Reference center distance (mm)

Pitch on reference circle (mm)

Base pitch (mm)
Transverse pitch on contact-path (mm)

2/10
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[RAH] 0.60  0.60
[RAF] 3.00  3.00
[RZH] 480  4.80
[RZF] 20.00  20.00

1.25/0.25/ 1.0 1ISO 53:1998 Profil C

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

not topping

1.250
0.250 (pfPmax*=0.472)
1.000
0.000
0.000
0.000
0.000
0.000

1.25/0.25/1.0 ISO 53:1998 Profil C

[hfP*] 1.250
[pfP*] 0.250 (pfPmax*=0.472)
[haP*] 1.000
[paP*] 0.000
[hprP*] 0.000
[aprP] 0.000
[hFaP*] 0.000
[aKP] 0.000

not topping

[hfP*] 1.250 1.250
[pfP*] 0.250 0.250
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[aprP] 0.000 0.000
[hFaP*] 0.000 0.000
[aKP] 0.000 0.000
none (only running-in)

[Ca L/R] 20/20 20/20
Oil injection lubrication

ISO-VG 46

Mineral-oil base

[v40] 46.00

[v100] 6.70

[p] 0.880

[TS] 45.000

[itot] -0.165

[u] 6.059

[mt] 5.132

[at] 20.483

[awt] 21.502

[awt.e/i] 21.514 /21.490
[awn] 20.993

[Bw] 13.086

[Bb] 12.204

[ad] 307.891

[pt] 16.121

[pbt] 15.102

[pet] 15.102
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Sum of profile shift coefficients [=xi] 0.4319
Transverse contact ratio [ea] 1.401
Transverse contact ratio with allowances [ea.e/mli] 1.405/1.397/1.388
Overlap ratio [eB] 1.002
Total contact ratio [ev] 2.403
Total contact ratio with allowances [ey.e/ml/i] 2.408 /2.399/2.391
Length of path of contact (mm) [oa, efi] 21.153( 21.224/ 20.963)
Length T1-A (mm) [T1A] 84.242( 84.171/ 84.343)
Length T1-B (mm) [T1B] 90.293( 90.293/ 90.204)
Length T1-C (mm) [T1C] 97.529(97.468/ 97.590)
Length T1-D (mm) [T1D] 99.344(99.273/ 99.445)
Length T1-E (mm) [T1E] 105.395( 105.395 / 105.306 )
Length T2-A (mm) [T2A] 29.383( 29.383/ 29.353)
Length T2-B (mm) [T2B] 23.332( 23.261/ 23.493)
Length T2-C (mm) [T2C] 16.097(16.087 / 16.107)
Length T2-D (mm) [T2D] 14.281(14.281/ 14.252)
Length T2-E (mm) [T2E] 8.231( 8.160/ 8.391)
Length T1-T2 (mm) [T1T2] 113.626(113.555/113.697 )
Minimal length of contact line (mm) [Lmin] 100.244
Gear 1
Lead height (mm) [pz] 7192.321
Axial pitch (mm) [px] 69.828
Profile shift coefficient [x] 0.0242
Tooth thickness, arc, in module [sn*] 1.5884
Tip alteration (mm) [k*mn] -0.328
Reference diameter (mm) [d] 528.547
Base diameter (mm) [db] 495.130
Tip diameter (mm) [da] 538.132
(mm) [da.efi] 538.132/ 538.062
Tip diameter allowances (mm) [Ada.efi] 0.000/ -0.070
Tip form diameter (mm) [dFa] 538.132
(mm) [dFa.efi] 538.132/538.062
Root diameter (mm) [df] 516.288
Generating Profile shift coefficient [XE.efi] -0.0280/ -0.0445
Generated root diameter with XE (mm) [df.efi] 515.766/ 515.602
Root form diameter (mm) [dFf] 518.712
(mm) [dFf.efi] 518.269/518.130
Involute length (mm) [I_dFa-l_dFf] 10.363
Addendum, mn(hap*+x+k) (mm) [ha] 4.793
(mm) [ha.efi] 4793/ 4.758
Dedendum (mm) [hf=mn*(hfP*-x)] 6.129
(mm) [hf.efi] 6.390/ 6.473
Tooth height (mm) [h] 10.922
Virtual gear no. of teeth [zn] 110.654
Normal tooth thickness at tip circle (mm) [san] 4.312
(mm) [san.efi] 4.147]/ 4.058
Normal tooth thickness at tip form circle (mm) [sFan] 4.312
(mm) [sFan.eli] 4.147/ 4.058
Normal space width at root circle (mm) [efn] 3.627
(mm) [efn.efi] 3.660/ 3.671
Gear 2
Lead height (mm) [pz] 1187.082
Axial pitch (mm) [px] 69.828
Profile shift coefficient [x] 0.4077
Tooth thickness, arc, in module [sn*] 1.8676
Tip alteration (mm) [k*mn] -0.328
Reference diameter (mm) [d] 87.236
Base diameter (mm) [db] 81.721
Tip diameter (mm) [da] 100.657
(mm) [da.efi] 100.657/ 100.622
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Tip diameter allowances (mm) [Ada.e/i] 0.000/ -0.035

Tip form diameter (mm) [dFa] 100.657
(mm) [dFa.efi] 100.657/ 100.622

Root diameter (mm) [df] 78.813

Generating Profile shift coefficient [XE.efi] 0.3788/ 0.3679

Generated root diameter with xE (mm) [df.efi] 78.524] 78.414

Root form diameter (mm) [dFf] 82.478
(mm) [dFf.efi] 82.371/ 82.332

Involute length (mm) [I_dFa-I_dFf] 10.184

Addendum, mn(hap*+x+k) (mm) [ha] 6.710
(mm) [ha.efi] 6.710/ 6.693

Dedendum (mm) [hf=mn*(hfP*-x)] 4.212
(mm) [hf.efi] 4356/ 4.411

Tooth height (mm) [h] 10.922

Virtual gear no. of teeth [zn] 18.263

Normal tooth thickness at tip circle (mm) [san] 2.940
(mm) [san.efi] 2.844] 2774

Normal tooth thickness at tip form circle (mm) [sFan] 2.940
(mm) [sFan.eli] 2.844] 2.774

Normal space width at root circle (mm) [efn] 0.000
(mm) [efn.efi] 0.000/ 0.000

Gear specific pair data Gear pair 1, Gear 1

Operating pitch diameter (mm) [dw] 532.167
(mm) [dw.eli] 532.211/532.122

Active tip diameter (mm) [dNa] 538.132

(mm) [dNa.efi] 538.132/ 538.062
Theoretical tip clearance (mm) [c] 1.527
Effective tip clearance (mm) [c.eli] 1.788/ 1.646
Active root diameter (mm) [dNf] 523.011

(mm) [dNf.efi] 523.077/522.966
Reserve (dNf-dFf)/2 (mm) [cF.eli] 2.473/ 2.348
Max. sliding velocity at tip (m/s) [vgal 8.722
Specific sliding at the tip [Ca] 0.527
Specific sliding at the root [2f] -1.113
Mean specific sliding [Cm] 0.527
Sliding factor on tip [Kga] 0.209
Sliding factor on root [Kaf] -0.352
Roll angle at dFa (°) [€dFa.efi] 24.392/ 24.372
Roll angle to dNa (°) [EdNa.e/i] 24.392/ 24.372
Roll angle to dNf (°) [EdNf.efi] 19.520/ 19.480
Roll angle at dFf (°) [¢dFf.efi] 17.720/ 17.666
Diameter of single contact point B (mm) [d-B] 527.035(527.035/526.973)
Diameter of single contact point D (mm) [d-D] 533.508( 533.455/533.583)
Addendum contact ratio [€] 0.521( 0.525/ 0.511)

Gear specific pair data Gear pair 1, Gear 2

Operating pitch diameter (mm) [dw] 87.833
(mm) [dw.efi] 87.841/ 87.826
Active tip diameter (mm) [dNa] 100.657
(mm) [dNa.efi] 100.657/ 100.622
Theoretical tip clearance (mm) [c] 1.527
Effective tip clearance (mm) [c.efi] 1914/ 1.762
Active root diameter (mm) [dNf] 83.362
(mm) [dNf.efi] 83.426/ 83.334
Reserve (dNf-dFf)/2 (mm) [cF.efi] 0.547/ 0.481
Max. sliding velocity at tip (m/s) [vgal 14.732
Specific sliding at the tip [Ca] 0.527
Specific sliding at the root [¢f] -1.114
Mean specific sliding [¢m] 0.527
Sliding factor on tip [Kga] 0.352
Sliding factor on root [Kaf] -0.209
Roll angle at dFa (°) [EdFa.eli] 41.203/ 41.160
Roll angle to dNa (°) [€dNa.e/i] 41.203/ 41.160
Roll angle to dNf (°) [EdNf.efi] 11.766/ 11.442
Roll angle at dFf (°) [EdFf.efi] 7.244] 7.024
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Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio

General influence factors

Nominal circum. force at pitch circle (N)
Axial force (N)

Radial force (N)

Normal force (N)

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

Nominal circumferential force (N)
Axial force (N)
Radial force (N)

Circumferential speed reference circle (m/s)
Circumferential speed operating pitch circle (m/s)

Running-in value (um)

Running-in value (um)

Correction factor

Gear blank factor

Basic rack factor

Material coefficient

Singular tooth stiffness (N/mm/um)
Meshing stiffness (N/mm/pm)
Meshing stiffness (N/mm/pm)
Reduced mass (kg/mm)

Resonance speed (min-1)

Resonance ratio (-)

Subcritical range

Running-in value (um)

Bearing distance | of pinion shaft (mm)
Distance s of pinion shaft (mm)
Outside diameter of pinion shaft (mm)

Load in accordance with Figure 13, ISO 6336-1:2006

0:a), 1:b), 2:c), 3:d), 4:e)

Coefficient K' according to Figure 13, ISO 6336-1:2006

With stiffening
Tooth trace deviation (active) (um)
from deformation of shaft (um)

fsh (um) =5.67, B1=  0.50, fHR5 (um) =

Tooth trace:
Position of contact pattern:
from production tolerances (um)
B2=
0.50
Tooth trace deviation, theoretical (um)
Running-in value (um)

Dynamic factor

Face load factor - flank
Tooth root
Scuffing

Transverse load factor - flank
Tooth root

Scuffing

Number of load cycles (in mio.)

Tooth root load capacity

[d-B]
[d-D]
[€]

[F

[Fa]
[Fr]
[Fnorm]
[w]

[Ftw]
[Faw]
[Frw]
[v]
[v(dw)]

[yp]
[yf]
[cM]
[CR]
[CBS]
[E/Est]
[c]
[cya]
[cyB]
[mRed]
[nE1]
[N]

[yl

Ui

[s]

[dsh]
[

[FBy]

[fsh*B1]

width-crowned
favorable
[fma*B2]

[FBx]
[yBl

[Kv]

[KHB]
[KFB]
[KBB]
[KHa]
[KFa]
[KBa]

[NL]

Calculation of Tooth form coefficients according method: B

Calculated with generating profile shift coefficient

Tooth form factor
Stress correction factor
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[XE.i]
[YF]
[Ys]

(K]
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94.106 ( 94.035/94.265)
86.568 ( 86.568 /86.549 )
0.880 ( 0.880/0.877)

Gear 1 -------- Gear 2 --

24095.6
5562.9
9000.8

26316.5
344.22

23931.7
5562.9
9427.9

41.51
41.80

0.4
0.4
0.800
1.000
0.975
1.000
14.162
18.417
15.655
0.02896
2338
0.642

0.4
148.000
14.800
69.800
1

-0.48

3.59
2.84

[CB = 0.5*(fma+fsh)]
3.89
4.23
0.63
1.119
1.049
1.041
1.049
1.000

1.000
1.000

900.000 5452.941

-0.0445 0.3679
1.30 1.20
2.20 2.23



Load application angle (°) [aFen]
Coefficient [fe]
Load application diameter (mm) [den]
Bending moment arm (mm) [hF]
Tooth thickness at root (mm) [sFn]
Tooth root radius (mm) [pF]
Bending moment arm (-) [hF/mn]
Tooth thickness at root (-) [sFn/mn]
Tooth root radius (-) [pF/mn]
Calculation cross section diameter (mm) [dskn]
Tangents on calculation cross section (°) [asen]
Notch parameter [as]
Helix angle factor [YB]
Deep tooth factor [YDT]
Gear rim factor [YB]
Effective facewidth (mm) [beff]
Nominal stress at tooth root (N/mm?) [oFQ]
Tooth root stress (N/mm?) [oF]
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT]
Surface factor [YRrelT]
Size factor, tooth root [YX]
Finite life factor [YNT]
Yc*Ydrem* Y Reem* Y x*Y Nt
Alternating bending factor, mean stress influence coefficient
[YM]
Stress correction factor [Yst]
Yst*oFlim (N/mm?) [oFE]
Permissible tooth root stress cFG/SFmin (N/mm?2)  [oFP]
Limit strength tooth root (N/mm?) [oFG]
Required safety [SFmin]
Safety for tooth root stress [SF=0FG/oF]
Transmittable power (kW) [kWRating]
Flank safety
Zone factor [ZH]
Elasticity factor (YN/mm2) [ZE]
Contact ratio factor [Zg]
Helix angle factor [ZB]
Effective facewidth (mm) [beff]
Nominal contact stress (N/mm?) [oHO]
Contact stress at operating pitch circle (N/mm?) [oHw]

Coefficient[fZCa] 1.20 (Helical gear sets without flank modifications)

Single tooth contact factor [ZB,zD]

Contact stress (N/mm?) [oHB, oHD]

Lubrication factor for NL [ZL]

Speed factor for NL [ZV]

Roughness factor for NL [ZR]

Material hardening factor for NL [ZW]

Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]

Limited pitting is permitted: No

Size factor (flank) [ZX]

Permissible contact stress, cHG/SHmin (N/mm?) [oHP]

Pitting stress limit (N/mm?) [oHG]

Required safety [SHmin]

Safety factor for contact stress at operating pitch circle
Safety against pressure, cHG/oHBD Single contact [SHBD]
Safety regarding transmittable torque [(SHBD)"2]

[SHw]

Transmittable power (kW)

Micropitting according to
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20.60 24.29
0.826
533.004 93.420
6.89 5.54
11.43 10.55
1.82 1.85
1.377 1.108
2.286 2.110
0.364 0.369
517.044 79.680
30.000 30.000
3.143 2.856
0.964
1.000
1.00 1.00
70.00 74.00
190.02  167.83
332.10 293.30
1.006 1.003
0.957 0.957
1.000 1.000
0.892 0.860
0.858 0.826
1.000 1.000
2.00
1000.00 1000.00
613.10 589.90
858.35 825.85
1.40 1.40
2.58 2.82

1846.64 2011.72

Gear 1 -------- Gear 2 --

2.378

189.812

0.845

1.013
70.00
828.38
1099.20

1.10 1.10
1204.11 1204.11

0.931 0.931
1.042 1.042
0.971 0.971
1.000 1.000
0.915 0.866
0.862 0.816
1.000 1.000

1293.67 1224.12
1293.67 1224.12

1.00 1.00
1.18 111
1.07 1.02
1.15 1.03

1154.58 1033.78

ISO/TS 6336-22:2018



Scuffing load capacity
Calculation method according to

Helical load factor for scuffing
Lubrication coefficient for lubrication type
Scuffing test and load stage

Multiple meshing factor

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

Optimal tip relief (um)

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

Effective facewidth (mm)
Applicable circumferential force/facewidth (N/mm)
KBy = 1.205, wBt*KBy =730.107
Angle factor
€1: 0.521, €2:0.880

Flash temperature-criteria

Lubricant factor

Tooth mass temperature (°C)
OMi = Boil + XS*0.47*Xmp*6fim

Average flash temperature

Scuffing temperature (°C)

I" coordinates (point of highest temperature)
[I.A]=-0.136 [I'.E]= 0.081

Highest contact temp. (°C)

Flash factor (°K*N”-.75*s".5*m"-.5*mm)

Approach factor

Load sharing factor

Dynamic viscosity (mPa*s)

Coefficient of friction

Required safety

Margin of safety for scuffing, flash temperature

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

Measurements for tooth thickness

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

Number of teeth spanned

Base tangent length (no backlash) (mm)

Base tangent length with allowance (mm)
(mm)

Diameter of measuring circle (mm)

7110
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ISO/TS 6336-20/21:2017

[KBy] 1.205
[XS] 1.200
[FZGtest] FZG - Test A/8.3/90 (ISO 14635-1) 12
[Xmp] 1.000
[XWrelT] 1.000
[BM] 13.780  13.780
[Ca] 2.00 2.00
[Ceff] 28.03
0 0
[beff] 70.000
[wBt] 606.081
[XaB] 0.995
[XL] 0.841
[6Mi] 74.49
(°C) [6flm] 52.29
[6S] 352.62
] -0.136
[6B] 193.37
[XM] 50.058
[XJ] 1.129
[Xr] 0.684
[nM] 31.61 (45.0 °C)
[um] 0.042
[SBmin] 2.000
[SB] 2.073
[XL] 1.000
[6MC] 76.45
(°C) [Bflaint] 37.44
[BSint] 365.79
[XM] 50.058
[XE] 1.000
[Xe] 0.271
[nOil] 3161 (450 °C)
[um] 0.042
[XBE] 0.325
[XQl 0.950
[XCa] 1.118
[Bint] 132.61
[SSmin] 1.800
[SSint] 2.758
[SSL] 3.662
——————— Gear 1 -------- Gear 2 --

DIN 3967 bc25 DIN 3967 bc25
[As.efi] -0.190/ -0.250-0.105 / -0.145
[K] 13.000 3.000
[WK] 192.358 39.578
[Wk.efi] 192.180/ 192.123 39.479 / 39.442
[AWK.efi] -0.179/ -0.235-0.099 / -0.136
[dMWk.m] 529.553 90.365



Theoretical diameter of ball/pin (mm) [DM] 8.409
Effective diameter of ball/pin (mm) [DMeff] 9.000
Radial single-ball measurement backlash free (mm) [MrK] 271.185

Radial single-ball measurement (mm)
Diameter of measuring circle (mm)

[MrK.efi] 270.939 /
[dMMr.m] 529.614

Diametral measurement over two balls without clearance (mm)[MdK] 542.309

Diametral two ball measure (mm)

[MdK.efi]  541.816 /

Diametral measurement over pins without clearance (mm) [MdR] 542.371
Measurement over pins according to DIN 3960 (mm) [MdR.e/i] 541.878 |/

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

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

[dk2tefi]  541.940 /

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

[dk3A.efi] 541.878 /

Chordal tooth thickness (no backlash) (mm) [sc] 7.942
Normal chordal tooth thickness with allowance (mm) [sc.e/i] 7.753 |/
Reference chordal height from da.m (mm) [ha] 4.804
Tooth thickness, arc (mm) [sn] 7.942

(mm) [sn.efi] 7.752 |
Backlash free center distance (mm) [aControl.efi] 309.612/
Backlash free center distance, allowances (mm) [jta] -0.388/
dNf.i with aControl (mm) [dNfO.i] 522.098
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO.i] 1.914
Tip clearance (mm) [c0.i(aControl)] 1.151
Center distance allowances (mm) [Aa.eli] 0.026 /
Circumferential backlash from Aa (mm) [itw_Aa.eli] 0.020/
Radial backlash (mm) [jrw.efi] 0.547/
Circumferential backlash (transverse section) (mm) [jtw.e/i] 0.429/
Normal backlash (mm) [in.efi] 0.389/
Torsional angle on input with output fixed:
Total torsional angle (°) [j.tSys] 0.0923/
Toothing tolerances

——————— Gear 1 ------

According to ISO 1328-1:2013, ISO 1328-2:1997
Accuracy grade [Q] A4
Single pitch deviation (um) [fptT] 5.50
Base circle pitch deviation (um) [fpbT] 5.00
Sector pitch deviation over k/8 pitches (um) [Fpk/8T] 13.00
Profile form deviation (um) [ffaT] 5.50
Profile slope deviation (um) [fHaT] 4.60
Total profile deviation (um) [FaT] 7.00
Helix form deviation (um) [ffBT] 6.50
Helix slope deviation (um) [fHBT] 5.50
Total helix deviation (um) [FBT] 9.00
Total cumulative pitch deviation (um) [FpT] 21.00
Adjacent pitch difference (um) [fuT] 7.50
Runout (um) [FrT] 19.00
Single flank composite, total (um) [FisT] 26.00
Single flank composite, tooth-to-tooth (um) [fisT] 4.90
Radial composite, total (um) [FidT] 30.00
Radial composite, tooth-to-tooth (um) [fidT] 11.00

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

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

Maximum value for deviation error of axis (um)
Maximum value for inclination error of axes (um)

Modifying and defining the tooth form

Data for the tooth form calculation :

Data not available.

4

[f=B] 9.

KISSsoft

9.799
10.000
53.177
270.861 53.081/
91.358
105.943
541.660105.753 /
106.354
541.722106.163 /

[dk2f.e/i]541.813 /541.657105.725 /

541.784106.554 /

541.722106.163 /

9.322
7.693 9.220/
6.939
9.338
7.692 9.233/

309.479
-0.521
82.845
0.237
1.268
-0.026

-0.020
0.362
0.284
0.259

0.0612

A4
5.00
4.70
9.50
5.50
4.30
7.00
6.00
5.50
8.00
15.00

7.00
13.00
20.00

4.90
22.00
11.00

51 (FB=  9.00

[f£5] 19.03

Please run the calculation in the "Tooth form" tab and open the main report again.
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53.045

105.680

106.090
105.652

106.480

106.090

9.181

9.193
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Supplementary data

Mass (kg) [m] 119.651 3.664
Total mass (kg) [mGes] 123.316
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] 4.15715 0.00369
System (da+df)/2...di (kg*m?) [J] 4.29255
Torsional stiffness at driving gear with fixed driven gear:
Torsional stiffness (MNm/rad) [er] 66.706
Torsion when subjected to nominal torque (°) [dcr] 0.005
Mean coefficient of friction (as defined in Niemann)  [um] 0.044
Wear sliding coef. by Niemann [Qw] 0.738
Loss factor [HV] 0.142
Gear power loss (kW) [PVZ] 6.185

Meshing efficiency (%) [nz] 99.382
Sound pressure level according to Masuda, without contact analysis

[dB(A)] 102.8

Oil requirement for injection lubrication (I/min) [Voil] 20.199

with oil cooler, for assumed difference in temperature of oil (°C):

10

Service life, damage

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00
Service life (calculated with required safeties):
System service life (h) [Hatt] 17115
Tooth root service life (h) [HFatt] 1le+06 le+06
Tooth flank service life (h) [HHatt] 1.037e+05 1.711e+04
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 [H] ( 10000.0 h)
F1% F2% H1% H2%
0.00 0.0000 9.6437 58.4296

Damage calculated on basis of system service life  [Hatt] (17114.6 h)

F1% F2% H1% H2%
0.00 0.0000 16.5049 100.0000
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 ISO 6336-2:2008 with Z3 = 1/(COS(3)"0.5)
- Details of calculation
method: cy according to
Method B Kv according to
Method B
KHPB and KF according to Method C
fma according to Equation 64, fsh according to 57/58, FBx according to
52/53/54 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, ZV, ZR, ZW, ZX, YdrelT, YRrelT and YX..

End of Report lines: 6
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File

Changed by: Boucek on:21.05.2021 at: 13:39:08

Analysis of shafts, axle and beams

Input data

Coordinate system shaft:

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:

see picture W-002

Shaft2

0.000
472.000
9088.24
counterclockwise

Material 18CrNiMo7-6

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?3) 7830.000
Coefficient of thermal expansion (10M-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 19.260
Weight of shaft, including additional masses (kg) 19.260
Mass moment of inertia (kg*m?) 0.024
Momentum of mass GD2 (Nm?) 0.938
The direction of the weight is not considered

Consider deformations due to shearing

Shear correction factor 1.100
Contact angle of rolling bearings is considered

Tolerance field: Mean value

Reference temperature (°C) 20.000

Figure: Load applications
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Shaft definition (Shaft2)

Outer contour

Cylinder (Cylinder) 0.000 mm ...
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer left (Chamfer left)
I=2.00 (mm), alpha=30.00 (°)

Cylinder (Cylinder) 113.000 mm ...
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 138.000 mm ...
Diameter (mm) [d]

Length (mm) 1]

Surface roughness (um) [Rz]

Cylinder (Cylinder) 218.000 mm ..
Diameter (mm) [d]

Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 243.000 mm ..
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 354.000 mm ...
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
I=7.00 (mm), alpha=70.00 (°)

Cylinder (Cylinder) 374.000 mm ...
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
I=1.00 (mm), alpha=45.00 (°)
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113.000 mm
70.0000
113.0000
8.0000

138.000 mm
140.0000
25.0000
8.0000

218.000 mm
76.0000
80.0000

8.0000

. 243.000 mm

140.0000
25.0000
8.0000

. 354.000 mm

70.0000
111.0000
8.0000

374.000 mm
105.0000
20.0000
8.0000

412.000 mm
64.0000
38.0000

8.0000
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Cylinder (Cylinder)

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

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Forces

Type of force element

Label in the model

Position on shaft (mm) [Yiocal]
Position in global system (mm) [ygiobal]
Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Type of force element

Label in the model

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

Radial force factor (-)

Direction of the radial force (°)

Axial force factor (-)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Mass (kg)

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

Type of force element

Label in the model

Paosition on shaft (mm) [Yiocal]
Position in global system (mm) [ygiobal]
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)
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412.000 mm ... 472.000 mm
60.0000
60.0000
8.0000

Centric force
CentricalLoadl
243.0000
243.0000
0.0000
0.0000
0.0000
5558.0000
0.0000
0.0000
0.0000
0.0000

Coupling

Coupling2(Vystup_2)

468.0000

468.0000

30.0000

0.0000

0.0000

0.0000

10.0000

1000.2554 driving (output)

1051.0000

0.0000

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Cylindrical gear
z2
178.0000
178.0000
87.8333
13.0860 left
20.9929
-0.0000
74.0000
1000.2554 driven (input)
-1051.0000
-5562.9073
-9427.9370
23931.6888
-0.0000
-244.3043



Bearing

KISSsoft

Label in the model
Bearing type

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

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

[Viokal]
[yglobal]

Support2

Own Input

56.500
56.500

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 (um)

Position of the maximum (mm)

Mass center of gravity (mm)
Total axial load (N)
Torsion under torque (°)

[ytokal]
[YQlobaI]

Support3

Own Input

298.500
298.500

40.432
472.000
219.435

-4.907
0.098

Bearing

Shaft 'Shaft2' Bearing 'Support2'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing

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

Shaft 'Shaft2' Bearing 'Support3'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
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vl

[Fx]
[Fy]
[Fz]
[Fr]
[ux]

[uy]
[uz]
[ur]
[r<]
[ry]
[rz]
[r]

vl
[Fx]
[Fy]
[Fz]
[Fr]
[ux]
[uy]
[uz]
[ur]
[rx]
[ry]
[rz]
[r]

56.50
5.703
0.000
-11.914
13.209

298.50
3.723
0.005

-12.013

12.577

mm
kN
kN
kN
kN (-64.42°)

0.000 pm

-0.282
0.000
0.000
0.218
0.000
0.089
0.235

mm

kN

kN

kN

kN (-72.78°)
0.000
0.000
0.000
0.000
-0.218
0.483
-0.083
0.233

um
pum

pum
mrad(0.75")
mrad(0")
mrad(0.31")
mrad(0.81")

um
um

um

um
mrad(-0.75")
mrad(1.66")
mrad(-0.29")
mrad(0.8")
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Note: Utilization = (Lreq/Lh)*(1/K)
Ball bearing: k = 3, roller bearing: k = 10/3

0.040 — / —— Components - Y-component

g / Components - Arbitrary plane
0.030 —

0.020 —|

0.010 —

ju

Displacement [mm]
(=]

0.010 — N\ L L/
0.020 —

-0.030 —

| | T
o J 3 3 o
$ o § S
Axial direction Y [mm]
Figure: Deformation (bending etc.) (Arbitrary plane 290.8598748 124)

1 — Equivalent stress (GEH)

Equivalent stress (SSH)
45.0 —

40.0 —

35.0 —

30.0 —

25.0 —

Stress [N/mm?]

20.0 —
15.0 —
10.0 — L ,

5.0 —

0 T | T | 1 | 1 | 1
S \‘5 —q?“_ ﬂﬁ

~ 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

5/6



KISSsoft

Strength calculation according to DIN 743:2012

Summary

Shaft2

Material 18CrNiMo7-6

Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of endurance limit and the static strength

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

Cross section Position (Y-Coord) (mm)

A-A 113.00 Shoulder

B-B 243.00 Shoulder

Cc-C 354.00 Shoulder

D-D 412.00 Own Input

Results:

Cross section Bo Kfo K2d SD SS SA
A-A 6.05 0.87 0.85 2.79 16.86 251
B-B 6.05 0.87 0.85 2.52 10.69 2.18
Cc-C 5.79 0.87 0.85 6.94 13.82 6.86
D-D 1.00 0.87 0.86 14.80 8.71 54.60
Required safeties: 1.20 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
SA: Safety against incipient crack

End of Report lines: 309
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KISSsoft — student license (not for commercial use)

File

Name: HFidel-i3
Changed by: Boucek on:21.05.2021 at: 13:42:41
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft3
Drawing
Initial position (mm) 0.000
Length (mm) 462.000
Speed (1/min) 4544.12
Direction of rotation: counterclockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10M-6/K)  11.500
Temperature (°C) 20.000
Weight of shaft (kg) 39.306
Weight of shaft, including additional masses (kg) 39.306
Mass moment of inertia (kg*m?) 0.155
Momentum of mass GD2 (Nm?) 6.074
The direction of the weight is not considered
Consider deformations due to shearing
Shear correction factor 1.100
Contact angle of rolling bearings is considered
Tolerance field: Mean value
Reference temperature (°C) 20.000

Xz

LY
z
I 4
X

Figure: Load applications
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Shaft definition (Shaft3)

Outer contour

Cylinder (Cylinder) 0.000 mm
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer left (Chamfer left)
1=3.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 113.000 mm
Diameter (mm) [d]
Length (mm) [n

Surface roughness (um) [Rz]

Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)

Chamfer right (Chamfer right)
I=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 138.000 mm
Diameter (mm) [d]
Length (mm) [1

Surface roughness (um) [Rz]

Cylinder (Cylinder) 218.000 mm
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 243.000 mm
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 354.000 mm
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
I1=7.00 (mm), alpha=70.00 (°)

Cylinder (Cylinder) 374.000 mm
Diameter (mm) [d]
Length (mm) 1]

Surface roughness (um) [Rz]

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

216

... 113.000 mm
70.0000
113.0000
8.0000

... 138.000 mm
228.0000
25.0000
8.0000

... 218.000 mm
163.5000
80.0000
8.0000

... 243.000 mm
228.0000
25.0000
8.0000

... 354.000 mm
70.0000
111.0000
8.0000

... 374.000 mm
105.0000
20.0000
8.0000

... 412.000 mm
64.0000
38.0000

8.0000
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Cylinder (Cylinder)

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

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Forces

Type of force element

Label in the model

Position on shaft (mm) [Yiocal]
Position in global system (mm) [ygiobal]
Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Type of force element

Label in the model

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

Radial force factor (-)

Direction of the radial force (°)

Axial force factor (-)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Mass (kg)

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

Type of force element

Label in the model

Position on shaft (mm) [Yiocal]
Position in global system (mm) [ygiobal]
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)
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412.000 mm ... 462.000 mm

60.0000
50.0000
8.0000

Centric force
CentricalLoad2
243.0000
243.0000
0.0000
0.0000
0.0000
5560.0000
0.0000
0.0000
0.0000
0.0000

Coupling

Coupling3(Vystup)

456.1414

456.1414

30.0000

0.0000

0.0000

0.0000

10.0000

999.7795 driving (output)

2101.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Cylindrical gear
z3
178.0000
178.0000
176.2044
13.1247 left
21.4210
180.0000
74.0000
999.7795 driven (input)
-2101.0000
-5560.2608
9606.6800
-23847.3074
0.0000
489.8711
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Bearing

Label in the model Supportl

Bearing type Own Input

Bearing position (mm) [Viokal] 298.500
Bearing position (mm) [Yglobal] 298.500

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

Label in the model Support4

Bearing type Own Input

Bearing position (mm) [yiokal] 56.000
Bearing position (mm) [Ygtoba] 56.000

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

Results

Shaft

Maximum deflection (um) 14.540
Position of the maximum (mm) 462.000
Mass center of gravity (mm) 196.675
Total axial load (N) -0.261
Torsion under torque (°) 0.163
Bearing

Shaft 'Shaft3' Bearing '‘Supportl’

Position (Y-coordinate) vl 298.50 mm

Bearing reaction force [Fx] -2.811 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 11.991 kN

Bearing reaction force [Fr] 12.316 kN (103.19°)

Displacement of bearing [ux] 0.000 um
Displacement of bearing [uy] 0.000 pm
Displacement of bearing [uz] 0.000 pm
Displacement of bearing [ur] 0.000 pm
Misalignment of bearing [rx] 0.084 mrad(0.29")
Misalignment of bearing [ry] 0.642 mrad(2.21")
Misalignment of bearing [rz] 0.029 mrad(0.1")
Misalignment of bearing [rr] 0.089 mrad(0.31")

Shaft 'Shaft3' Bearing 'Support4'

Position (Y-coordinate) vl 56.00 mm

Bearing reaction force [Fx] -6.791 kN

Bearing reaction force [Fyl 0.000 kN

Bearing reaction force [Fz] 11.844 kN

Bearing reaction force [Fr] 13.653 kN (119.83°)

Displacement of bearing [ux] 0.000 pm
Displacement of bearing [uy] -0.068 um
Displacement of bearing [uz] 0.000 pm
Displacement of bearing [ur] 0.000 um
Misalignment of bearing [rx] -0.085 mrad(-0.29")
Misalignment of bearing [ry] 0.000 mrad(0")
Misalignment of bearing [rz] -0.040 mrad(-0.14")
Misalignment of bearing [rr] 0.094 mrad(0.32")

Note: Utilization = (Lreq/Lh)*(1/k)
Ball bearing: k = 3, roller bearing: k = 10/3
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Displacement [mm]

/ —— GComponents - Y-component
| - —— Components - Arbitrary plane
0.010 —
0.005 —| ] 1
_'7
AT i
-0.005 —| L L
T ‘ T T ‘ T |
Q
S S »
Axial direction Y [mm]
Figure: Deformation (bending etc.) (Arbitrary plane 108.9939514 124)
7 — [Equivalent stress (GEH)

Stress [N/mm?]

90.0 —

80.0 —

70.0 —

60.0 —

50.0 —

40.0 —

30.0 —

20.0 —

10.0 —

— Equivalent stress (SSH)

-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

51/6



KISSsoft

Strength calculation according to DIN 743:2012

Summary

Shaft3

Material 18CrNiMo7-6

Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of endurance limit and the static strength

Calculation for load case 2 (cgav/iomv = const)

Cross section Position (Y-Coord) (mm)

A-A 113.00 Shoulder

B-B 243.00 Shoulder

Cc-C 354.00 Shoulder

D-D 412.00 Shoulder

Results:

Cross section Bo Kfo K2d SD SS SA
A-A 6.21 0.88 0.85 244 15.12 2.34
B-B 6.21 0.88 0.85 1.84 6.00 1.70
Cc-C 5.79 0.88 0.85 3.25 6.47 3.43
D-D 3.73 0.88 0.86 3.36 4.07 3.62
Required safeties: 1.20 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
SA: Safety against incipient crack

End of Report lines: 309
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KISSsoft Release 2020 A.1
KISSsoft — student license (not for commercial use)

File
Name: Pomalubéh
Changed by: Boucek on:21.05.2021 at: 13:43:24
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaftl
Drawing
Initial position (mm) 0.000
Length (mm) 622.200
Speed (1/min) 1500.00
Direction of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?3) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 74.459
Note: the weight is only for the shaft. The gears are not considered.
Weight of shaft, including additional masses (kg) 184.508
Mass moment of inertia (kg*m?) 4.473
Momentum of mass GD2 (Nm?) 175.502
Weight towards 0.000
Weight towards 0.000
Weight towards -1.000
Regard gears as masses
Consider deformations due to shearing
Shear correction factor 1.100
Contact angle of rolling bearings is considered
Tolerance field: Mean value
Reference temperature (°C) 20.000
N
X%
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Figure: Load applications

Shaft definition (Shaftl)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 240.000 mm
Diameter (mm) [d] 120.0000
Length (mm) [n 240.0000
Surface roughness (um) [Rz] 8.0000

Chamfer left (Chamfer left)
1=3.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 240.000 mm ... 260.000 mm
Diameter (mm) [d] 185.0000
Length (mm) [n 20.0000
Surface roughness (um) [Rz] 8.0000

Chamfer left (Chamfer left)
1=10.00 (mm), alpha=70.00 (°)

Cylinder (Cylinder) 260.000 mm ... 320.000 mm
Diameter (mm) [d] 130.0000
Length (mm) [n 60.0000
Surface roughness (um) [Rz] 8.0000

Relief groove right (Relief groove right)
r=2.50 (mm), t=0.30 (mm), I=5.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)
Own Input, Form B, FKM

Relief groove left (Relief groove left)

r=2.50 (mm), t=0.30 (mm), I=5.00 (mm), Rz=8.0, Machined (Ra=3.2um/125uin)
Own Input, Form B, FKM

Cylinder (Cylinder) 320.000 mm ... 377.200 mm
Diameter (mm) [d] 152.0000
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Length (mm) [n 57.2000
Surface roughness (um) [Rz] 8.0000

Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 377.200 mm ... 392.200 mm
Diameter (mm) [d] 180.0000
Length (mm) 1] 15.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 392.200 mm ... 477.200 mm
Diameter (mm) [d] 166.0000
Length (mm) 1] 85.0000
Surface roughness (um) [Rz] 8.0000

Chamfer right (Chamfer right)
1=5.00 (mm), alpha=5.00 (°)

Relief groove left (Relief groove left)
r=2.50 (mm), t=0.30 (mm), 1=5.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)
Own Input, Form B, FKM

Cylinder (Cylinder) 477.200 mm ... 544.200 mm
Diameter (mm) [d] 152.0000
Length (mm) 1] 67.0000
Surface roughness (um) [Rz] 8.0000

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) 544.200 mm ... 579.200 mm
Diameter (mm) [d] 130.0000
Length (mm) 1] 35.0000
Surface roughness (um) [Rz] 8.0000

Relief groove left (Relief groove left)
r=2.50 (mm), t=0.30 (mm), I=5.00 (mm), Rz=8.0, Machined (Ra=3.2um/125uin)
Own Input, Form B, FKM

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=15.00 (°)

Cylinder (Cylinder) 579.200 mm ... 582.200 mm
Diameter (mm) [d] 114.0000
Length (mm) 1] 3.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 582.200 mm ... 622.200 mm
Diameter (mm) [d] 125.0000
Length (mm) [n 40.0000
Surface roughness (um) [Rz] 8.0000

Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Forces

Type of force element Coupling

Label in the model Coupling1(Vstup)
Position on shaft (mm) [Yrocal] -59.0000
Position in global system (mm) [ygiobal] -59.0000
Effective diameter (mm) 30.0000
Radial force factor (-) 0.0000
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Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
Length of load application (mm) 10.0000

Power (kW)

999.6548 driven (input)

Torque (Nm) 6364.0000
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.0000
Mass (kg) 0.0000
Mass moment of inertia Jp (kg*m?) 0.0000
Mass moment of inertia Jxx (kg*m?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000

Type of force element

Cylindrical gear

Label in the model z1(180.0)

Position on shaft (mm) [yiocal] 434.5000
Position in global system (mm) [ygiobai] 434.5000
Operating pitch diameter (mm) 532.1667

Helix angle (°)

13.0860 right

Working pressure angle at normal section (°) 20.9929
Position of contact (°) 180.0000
Length of load application (mm) 70.0000

Power (kW)

0.1247 driven (input)

Torque (Nm) 0.7941
Axial force (N) -0.6937
Shearing force X (N) 1.1757
Shearing force Z (N) 2.9845
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.1846

Type of force element

Cylindrical gear

Label in the model z1(0.0)

Position on shaft (mm) [yrocal] 434.5000
Position in global system (mm) [yglobal] 434.5000
Operating pitch diameter (mm) 533.7956

Helix angle (°)

13.1247 right

Working pressure angle at normal section (°) 21.4210
Position of contact (°) 0.0000
Length of load application (mm) 70.0000

Power (kW)

999.7795 driving (output)

Torque (Nm) -6364.7941
Axial force (N) 5560.2608
Shearing force X (N) -9606.6799
Shearing force Z (N) 23847.3074
Bending moment X (Nm) -0.0000
Bending moment Z (Nm) 1484.0214
Bearing
Label in the model RollerBearingl
Bearing type SKF NUP 226 ECJ
Bearing type Cylindrical roller bearing (single row)
SKF Explorer

Bearing position (mm) [Yiokal] 300.000
Bearing position (mm) [Ygtoba] 300.000
Attachment of external ring Fixed bearing
Inner diameter (mm) [d] 130.000
External diameter (mm) [D] 230.000
Width (mm) [b] 40.000
Corner radius (mm) [r] 3.000
Basic static load rating (kN) [Co] 455.000
Basic dynamic load rating (kN) [C] 415.000
Fatigue load limit (kN) [Cu] 51.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo] 0.000
Basic static load rating (kN) [Cotheo] 0.000
Correction factor Basic dynamic load rating

[fc] 1.000
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Correction factor Basic static load rating

KISSsoft

[fco] 1.000
Label in the model RollerBearing2
Bearing type SKF NUP 226 ECJ
Bearing type Cylindrical roller bearing (single row)

SKF Explorer

Bearing position (mm) [Yiokal] 564.200
Bearing position (mm) [Ygtobal] 564.200
Attachment of external ring Free bearing
Inner diameter (mm) [d] 130.000
External diameter (mm) [D] 230.000
Width (mm) [b] 40.000
Corner radius (mm) [r] 3.000
Basic static load rating (kN) [Ca] 455.000
Basic dynamic load rating (kN) [C] 415.000
Fatigue load limit (kN) [Cu] 51.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo] 0.000
Basic static load rating (kN) [Cotheo] 0.000
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fco] 1.000

Shaft 'Shaftl": The mass of the following element is taken into account (y=

m (yS=434.5000 (mm)): 110.0494 (kg)

Jp: 4.2748 (kg*m?), Ixx: 2.1824 (kg*m?), Jzz: 2.1824 (kg*m?)

Results
Shaft

Maximum deflection (um)
Position of the maximum (mm)
Mass center of gravity (mm)
Total axial load (N)

Torsion under torque (°)

61.530
0.000
335.946

5559.567

-0.073

Bearing

Probability of failure [n] 10.00 %
Axial clearance (ISO 281) [ua]

Lubricant ISO-VG 46

Lubricant - service temperature [Ts]
Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaftl' Rolling bearing 'RollerBearing1’

Position (Y-coordinate) [yl 300.00 mm
Dynamic equivalent load [P] 11.96 kN
Static equivalent load [Po]

Life modification factor for reliability[az]

Results according to ISO 281:

Lubricant ISO-VG 46
Load ratio [C/P]
Operating viscosity V]
Reference viscosity [vi]
Viscosity ratio [K]

Basic bearing rating life [Lnn]

5/8

10.00

70.00

10.58
1.000

34.697
14.699
0.000
0.000

434.5000 (mm)): Cylindrical gear 'z1(180.0)'

um

°C

kN

mm?/s
mm?/s

1.5138e+06 h
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Static safety factor [So] 42.99
Bearing reaction force [Fx] -0.901 kN

Bearing reaction force [Fy] -5.559 kN

Bearing reaction force [Fz] -10.545 kN

Bearing reaction force [Fr] 10.584 kN (-94.89°)

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm(-22.26°)

Oil level [H] 0.000 mm

Rolling moment of friction [Mrr] 1.869 Nm
Sliding moment of friction [Ms]] 1.997 Nm
Moment of friction, seals [Mseal] 0.000 Nm

Moment of friction for seals determined according to SKF main catalog 17000/1 EN:2018

Moment of friction flow losses [Marag] 0.000 Nm
Torque of friction [Mioss] 3.866 Nm
Power loss [Pross] 607.254 W

The moment of friction is calculated according to the details in SKF Catalog 2018.
The calculation is always performed with a coefficient for additives in the lubricant pbl=0.15.

Displacement of bearing [ux] 2.537 um
Displacement of bearing [uy] 10.000 um
Displacement of bearing [uz] 41.172 pm
Displacement of bearing [ur] 41.250 pm (86.47°)
Misalignment of bearing [rx] -0.023 mrad(-0.08")
Misalignment of bearing [ry] -1.076  mrad(-3.7")
Misalignment of bearing [rz] 0.121 mrad(0.41")
Misalignment of bearing [rr] 0.123 mrad(0.42")

Shaft 'Shaftl' Rolling bearing 'RollerBearing2’

Position (Y-coordinate) [yl 564.20 mm

Dynamic equivalent load [P] 15.57 kN

Static equivalent load [Po] 15.57 kN
Life modification factor for reliability[ai] 1.000

Results according to 1ISO 281.:

Lubricant ISO-VG 46

Load ratio [C/P] 26.650
Operating viscosity [v] 14.699 mm?/s
Reference viscosity [vi] 0.000 mm?*s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 6.2816e+05 h
Static safety factor [So] 29.22
Bearing reaction force [Fx] 10.507 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -11.494 kN

Bearing reaction force [Fr] 15.572 kN (-47.57°)

Bearing reaction moment [Mx] -0.00 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm(-90°)

Oil level [H] 0.000 mm

Rolling moment of friction [Mr] 2.106 Nm
Sliding moment of friction [Msi] 0.086 Nm
Moment of friction, seals [Mseal] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 17000/1 EN:2018
Moment of friction flow losses [Marag] 0.000 Nm
Torque of friction [Mioss] 2.192 Nm
Power loss [Pross] 344313 W

The moment of friction is calculated according to the details in SKF Catalog 2018.
The calculation is always performed with a coefficient for additives in the lubricant pbl=0.15.

Displacement of bearing [ux] -27.280 um
Displacement of bearing [uy] 10.194 um
Displacement of bearing [uz] 30.941 pum
Displacement of bearing [ur] 41.250 pm (131.4°)
Misalignment of bearing [rx] -0.054 mrad(-0.18")
Misalignment of bearing [ry] -1.278 mrad(-4.39")
Misalignment of bearing [rZ] 0.108 mrad(0.37")
Misalignment of bearing [rr] 0.121 mrad(0.41")

6/8
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Damage (%) [Lreq] ( 10000.000 )
Binno B1 B2
1 0.66 1.59

2 0.66 1.59

Utilization (%) [Lreq] ( 10000.000 )
B1 B2
22.18 28.88

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

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

B1 : RollerBearingl
B2 : RollerBearing2

Calculation of the factors required to define reliability R(t) using the Weibull distribution. t in (h):
Reliability not calculated

0.060 —" — Components - Y-component
E ' —— Components - Arbitrary plane

Displacement [mm)]
]
|

Axial direction Y [mm)]
Figure: Deformation (bending etc.) (Arbitrary plane 51.0040695 124)

718
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o — Eaquivalent stress (GEH)
36.0 —| — Equivalent stress (SSH)

32.0 —
- al

28.0 —|
24.0 —

20.0 —|

Stress [N/mm?]

16.0 —
12.0 — ‘

4.0 —

® ® & &
A

Axial di on Y [mm]

=1

o

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 stres

Strength calculation according to DIN 743:2012

Summary

Shaftl

Material C45 (1)

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

Calculation of endurance limit and the static strength

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

Cross section Position (Y-Coord) (mm)

A-A 240.00 Shoulder

B-B 377.20 Shoulder

C-C 477.20 Shoulder

Results:

Cross section Bo KFo K2d SD SS
A-A 8.45 0.92 0.81 2.20 6.76
B-B 8.27 0.92 0.80 3.98 13.56
Cc-C 7.10 0.92 0.80 7.11 63.85
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

End of Report lines: 438
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Cylindrical interference fit

Calculation method: According to DIN 7190-1:2017, elastic range

with additions such as centrifugal force, micro sliding, mounting, etc.

for a horizontal or longitudinal interference fit

Diameter shaft (mm)
Diameter hub (mm)
Length of Interference fit (mm)

Diameter of joint (mm)
Tolerance Shaft

Upper allowance Shaft (um)
Lower allowance Shaft (um)
Tolerance measure Shaft (um)
Tolerance hub

Upper allowance Hub (um)
Lower allowance Hub (um)
Tolerance measure Hub (um)
Largest interference (um)
Smallest interference (um)

Nominal torque (Nm)

Application factor

Service torque (Nm)

Axial force (N)

Bending moment (Nm)

Radial force (N)

Circumferential force (N)

Speed (1/min)

Interference (um)

Embedding (um)

Effective interference at 20°C(68°F) (um)
Effective interference at working temp.. (um)
Service temperature shaft (°C)

Service temperature hub (°C)

Pressure stress by

- Interference (after mounting) (N/mm?)
- Interference (working) (N/mm?2)

- Bending moment (N/mm?)

- Radial force (N/mm?)

Coefficient of friction, axial

Coefficient of friction, circumferential
Safety against sliding

Required safety against sliding

Equivalent stress according to von Mises
oV = (oR*"2+1T"2-0R*1T)"0.5

1/3

[DiA)/[Dil]
[DaA)/[Dal]
Mm 80.00
[DF] 180.00
t5
[Aol] 164.0
[Aul] 146.0
[T1] 18.0
H7
[AoA] 40.0
[AuA] 0.0
[TA] 40.0
[Po] 164.0
[Pu] 106.0
M 2653.00
[KA] 1.50
[Tb] 3979.50
[FA] 5557.60
[Mb] 0.00
[Fr] 0.00
[Fu] 44216.67
[n] 3600.00
[P] 135.0
[s] 6.40
[Pw] 128.60
[PwTh] 128.60
[ThB] 25.0
[ThB] 25.0
[pM] 65.35
[p] 35.85
[pb] 0.00
[pr] 0.00
[wa] 0.180
[pu] 0.180
[Sr] 6.55
[SSr] 1.20

180.00/ 0.00
538.00/180.00

(106.0 ..

( 996 ..
( 996 ..

(50.61 ..
(21.12..

( 3.86..

1640 )
1576 )
157.6 )
80.09 )
5059 )
924 )



Shaft

Material

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

Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)
- With outside load (N/mm?)
Inner diameter (mm)

Equivalent stress insidea (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

Hub

Material

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

Density (kg/m?3)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?2)

Diameter range (mm)

Surface class of roughness
Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)
Inner diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?2)
- Tangential stress (N/mm?)

- Radial stress with outside load (N/mm?)
- Tangential stress with outside load (N/mm?)

- With outside load (N/mm?)

Safety against fracture

213

42 CrMo 4 (1)

[EN 206000.00
[v] 0.30
ol 7830.00
(10"-6/K)[a]  11.50
[Rm] 750.00
[d] (160.0 -250.0 )
[Rp] 500.00
[d] (160.0 -250.0 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DiA] 180.00

[AD] -10.20 (-1.19..
[AD] -0.06 (-0.01 ..
[AD] -38.59 (-29.58 ..
[AD] -0.21 (-0.16 ..
[oVa] 35.09 (20.37 ..
[oRa] -35.85 (-21.12 ..
[oTa] -34.27 (-19.54 ..
[ocVaMF] 35.09 (20.37 ..
[Dil] 0.00

[oVi] 32.13 (17.40 ..
[oRi] -32.13 (-17.40 ..
[oTi] -32.13 (-17.40 ..
[SiRm] 21.37 (36.81..
[SSi.Rm] 1.50

[Si.Rp] 14.25 (24.54 ..
[SSi.Rp] 2.00

18CrNiMo7-6

[EA] 206000.00

[VA] 0.30

[p] 7830.00

(10"-6/K) [a]  11.50

[Rm] 600.00

[d] ( 00 -00 )
[Rp] 425.00

[d] ( 00 -00 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DaA] 538.00

[AD] 110.76 (101.06 ..
[AD] 0.21 ( 0.19..
[AD] 99.25 (89.55..
[AD] 0.18 ( 0.17..
[oVa] 30.57 (26.85..
[oRa] 0.00 ( 0.00..
[oTa] 30.57 (26.85..
[Dal] 180.00

[AD] 118.40 (98.41 ..
[AD] 0.66 ( 0.55..
[oVi] 134.46 (106.59 ..
[oRi] -35.85 (-21.12 ..
[oTi] 112.90 (94.45 ..
[oRai] -35.85 (-21.12 ..
[oTai] 112.90 (94.45 ..
[oViIMF] 134.46 (106.59 ..
[Si.Rm] 446 ( 5.63..

KISSsoft

-19.21
-0.11
-47.61
-0.26
49.82
-50.59
-49.01
49.82

—

46.87 )
-46.87 )
-46.87 )

15.05 )

10.04 )

120.47
0.22
108.95
0.20
34.28
0.00
34.28

—

138.39
0.77
162.66
-50.59
131.35
-50.59
131.35
162.66

—

360 )
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Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Re] 3.16 (3.99 .. 2.61 )
Required safety against yield point [SSi.Re] 2.00

Service / Mounting / Dismounting

Transverse-interference-fit:

Mounting clearance (mm) [PsTh] 0.100
Temperature difference for mounting:

Shaft temperature: (°C) Hub temperature: [ThA] (°C)

Mount with shaft temperature 20 °C

20 148
Mount with shaft temperature -150 °C
-150 22
calculated using the coefficient of thermal expansion
Sub-cooling of the shaft according to DIN 7190-1 (107-6/K)
[ow] 8.50
Through-heat the hub according to DIN 7190-1 (107-6/K)
[an] 11.00
Longitudinal pressure fit:
Assembly temperature shaft (°C) [Thm] 20.00
Assembly temperature hub (°C) [Thm] 20.00
Coefficient of friction, longitudinal [ue=pa* 1.300] 0.23
Press on (force) (kN) [Fpress] 691.79 (535.79 .. 847.80 )
Coefficient of friction, longitudinal [pll=pa* 1.600] 0.29
Press out (force) (kN) [Fpress] 851.44 (659.43 .. 1043.44 )
Coefficient. of friction [b] 0.29
Max. torque to avoid Micro sliding (Nm) [Tlimit] 15606.65 (9191.62 .. 22021.68 )
Notice concerning the display: Number-1 (Number-2.. Number-3):

Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance

End of Report lines: 173
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Cylindrical interference fit

Calculation method: According to DIN 7190-1:2017, elastic range
with additions such as centrifugal force, micro sliding, mounting, etc.
for a horizontal or longitudinal interference fit

Diameter shaft (mm) [DIiAJ/[DIl] 73.00/ 0.00
Diameter hub (mm) [DaA)/[Dal] 140.00/ 73.00
Length of Interference fit (mm) n 25.00

Diameter of joint (mm) [DF] 73.00

Tolerance Shaft us

Upper allowance Shaft (um) [Aol] 115.0

Lower allowance Shaft (um) [Aul] 102.0

Tolerance measure Shaft (um) [m 13.0

Tolerance hub H7

Upper allowance Hub (um) [AoA] 30.0

Lower allowance Hub (um) [AuA] 0.0

Tolerance measure Hub (um) [TA] 30.0

Largest interference (um) [Po] 115.0

Smallest interference (um) [Pu] 72.0

Nominal torque (Nm) [T 0.00
Application factor [KA] 1.50

Service torque (Nm) [Th] 0.00

Axial force (N) [FA] 5557.60

Bending moment (Nm) [Mb] 0.00

Radial force (N) [Fr] 0.00
Circumferential force (N) [Fu] 0.00

Speed (1/min) [n] 21600.00
Interference (um) [P] 935 ( 720 ..
Embedding (um) [s] 6.40

Effective interference at 20°C(68°F) (um) [Pw] 87.10 ( 65.6 ..
Effective interference at working temp.. (um) [PwTh] 87.10 ( 65.6 ..
Service temperature shaft (°C) [ThB] 25.0

Service temperature hub (°C) [ThB] 25.0

Pressure stress by

- Interference (after mounting) (N/mm?) [pM] 89.48 (67.39..
- Interference (working) (N/mm?2) [p] 30.52 ( 8.43..
- Bending moment (N/mm?) [pb] 0.00

- Radial force (N/mm?) [pr] 0.00
Coefficient of friction, axial [pa] 0.180
Coefficient of friction, circumferential [pu] 0.180

Safety against sliding [Sr] 5.67 ( 1.57.
Required safety against sliding [Ssr] 1.20

Equivalent stress according to von Mises
oV = (oR*"2+1T*2-0R*1T)*0.5

Shaft

Material 18CrNiMo7-6
Young's modulus (N/mm?) [El] 206000.00
Poisson's ratio (-) [vi] 0.30

1/3

1150 )
1086 )
1086 )
11157 )
5261 )
9.77 )



Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)

Diameter increase at 20°C (o/00)
Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)
- With outside load (N/mm?)
Inner diameter (mm)

Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness
Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)

Diameter increase at 20°C (o/00)
Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)
Inner diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

- Radial stress with outside load (N/mm?)
- Tangential stress with outside load (N/mm?)

- With outside load (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

2/3

o] 7830.00
(10~-6/K)[a]  11.50
[Rm] 900.00
[d] (40.0 -100.0 )
[Rp] 640.00
[d] (40.0 -100.0 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DiA] 73.00

[AD] -0.06 ( 5.41..
[AD] -0.00 ( 0.07 ..
[AD] -18.89 (-13.41 ..
[AD] -0.26 (-0.18 ..
[oVa] 27.09 ( 892..
[oRa] -30.52 (-8.43 ..
[oTa] -21.18 ( 0.91..
[oVaMF] 27.09 ( 8.92..
[Dil] 0.00

[oVi] 8.51 (13.58..
[oRi] -8.51 (13.58 ..
[oTi] -8.51 (13.58..
[SiRm] 33.22 (100.87 ..
[SSi.Rm] 1.50

[Si.Rp] 23.63 (71.73 ..
[SSi.Rp] 2.00

31 CrMoV9

[EA] 206000.00

[VA] 0.30

[e] 7830.00

(107-6/K) [a]  11.50

[Rm] 1100.00

[d] (00 -400 )
[Rp] 900.00

[d] (00 -400 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DaA] 140.00

[AD] 76.81 (65.60 ..
[AD] 0.55 ( 0.47..
[AD] 98.69 (87.48 ..
[AD] 0.70 ( 0.62..
[oVa] 101.18 (84.68 ..
[oRa] 0.00 ( 0.00..
[0Ta] 101.18 (84.68 ..
[Dal] 73.00

[AD] 87.04 (71.01..
[AD] 119 ( 0.97..
[oVi] 241.32 (190.38 ..
[oRi] -30.52 (-8.43 ..
[oTi] 224.61 (186.02 ..
[oRai] -30.52 (-8.43 ..
[oTai] 224.61 (186.02 ..
[oViIMF] 241.32 (190.38 ..
[Si.Rm] 456 ( 5.78..
[SSi.Rm] 1.50

[Si.Re] 3.73 ( 4.73.
[SSi.Re] 2.00

KISSsoft

554 )
008 )
2437 )
033 )
4862 )
5261 )
4327 )
4862 )

3059 )
3059 )
3059 )

1851 )

13.16 )

88.02 )
063 )
109.90 )
078 )
11768 )
000 )
11768 )

103.06 )
141 )
293.06 )
5261 )
26319 )
5261 )
26319 )
293.06 )

375 )

3.07 )



Service / Mounting / Dismounting

Transverse-interference-fit:

KISSsoft

Mounting clearance (mm) [PsTh] 0.100
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
Mount with shaft temperature 20 °C
20 276
Mount with shaft temperature -150 °C
-150 156
calculated using the coefficient of thermal expansion
Sub-cooling of the shaft according to DIN 7190-1 (107-6/K)
[aw] 8.50
Through-heat the hub according to DIN 7190-1 (10"-6/K)
[on] 11.00
Longitudinal pressure fit:
Assembly temperature shaft (°C) [Thm] 20.00
Assembly temperature hub (°C) [Thm] 20.00
Coefficient of friction, longitudinal [ue=pa* 1.300] 0.23
Press on (force) (kN) [Fpress] 120.05 (90.42 .. 149.68 )
Coefficient of friction, longitudinal [pll=pa* 1.600] 0.29
Press out (force) (kN) [Fpress] 147.75 (111.28 .. 184.22 )
Coefficient. of friction [b] 0.29
Max. torque to avoid Micro sliding (Nm) [Tlimit] 793.17 (219.19 .. 1367.14 )
Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance
End of Report lines: 173
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Cylindrical interference fit

Calculation method: According to DIN 7190-1:2017, elastic range
with additions such as centrifugal force, micro sliding, mounting, etc.
for a horizontal or longitudinal interference fit

Diameter shaft (mm) [DIAJ/[DIl] 73.00/ 0.00

Diameter hub (mm) [DaA)/[Dal] 228.00/ 73.00

Length of Interference fit (mm) [n 25.00

Diameter of joint (mm) [DF] 73.00

Tolerance Shaft ub

Upper allowance Shaft (um) [Aol] 115.0

Lower allowance Shaft (um) [Aul] 102.0

Tolerance measure Shaft (um) [mn 13.0

Tolerance hub H7

Upper allowance Hub (um) [AoA] 30.0

Lower allowance Hub (um) [AuA] 0.0

Tolerance measure Hub (um) [TA] 30.0

Largest interference (um) [Po] 115.0

Smallest interference (um) [Pu] 72.0

Nominal torque (Nm) [T 0.00

Application factor [KA] 1.50

Service torque (Nm) [Th] 0.00

Axial force (N) [FA] 5560.30

Bending moment (Nm) [Mb] 0.00

Radial force (N) [Fr] 0.00

Circumferential force (N) [Fu] 0.00

Speed (1/min) [n] 4544.00

Interference (um) [P] 935 ( 720 .. 115.0
Embedding (um) [s] 6.40

Effective interference at 20°C(68°F) (um) [Pw] 87.10 ( 65.6 .. 108.6
Effective interference at working temp.. (um) [PwTh] 87.10 ( 65.6 .. 108.6
Service temperature shaft (°C) [ThB] 25.0

Service temperature hub (°C) [ThB] 25.0

Pressure stress by

- Interference (after mounting) (N/mm?2) [pM] 110.30 (83.07 .. 137.52
- Interference (working) (N/mm?) [p] 101.77 (74.54 .. 128.99
- Bending moment (N/mm?) [pb] 0.00

- Radial force (N/mm?) [pr] 0.00

Coefficient of friction, axial [pal 0.180

Coefficient of friction, circumferential [pu] 0.180

Safety against sliding [Sr] 18.89 (13.83.. 23.94
Required safety against sliding [SSr] 1.20

Equivalent stress according to von Mises

oV = (oR"2+1T"2-0R*TT)"0.5

Shaft

Material 18CrNiMo7-6

Young's modulus (N/mm?) [El 206000.00

Poisson's ratio (-) [vi] 0.30
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Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)
- With outside load (N/mm?)
Inner diameter (mm)

Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness
Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)
Inner diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

- Radial stress with outside load (N/mm?)
- Tangential stress with outside load (N/mm?)

- With outside load (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

2/3

o] 7830.00
(10~-6/K)[a]  11.50
[Rm] 900.00
[d] (40.0 -100.0 )
[Rp] 640.00
[d] (40.0 -100.0 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DiA] 73.00

[AD] -20.90 (-14.15 ..
[AD] -0.29 (-0.19 ..
[AD] -27.21 (-20.46 ..
[AD] -0.37 (-0.28 ..
[oVa] 101.56 (74.33 ..
[oRa] -101.77 (-74.54 ..
[oTa] -101.35 (-74.13 ..
[oVaMF] 101.56 (74.33 ..
[Dil] 0.00

[oVi] 100.79 (73.57 ..
[oRi] -100.79 (-73.57 ..
[oTi] -100.79 (-73.57 ..
[SiRm] 8.86 (12.11 ..
[SSi.Rm] 1.50

[Si.Rp] 6.30 (8.61..
[SSi.Rp] 1.00

31 CrMoV9

[EA] 206000.00

[VA] 0.30

[e] 7830.00

(107-6/K) [a]  11.50

[Rm] 1000.00

[d] ( 40.0 -100.0 )
[Rp] 800.00

[d] ( 40.0 -100.0 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DaA] 228.00

[AD] 45.46 (38.58 ..
[AD] 0.20 ( 0.17 ..
[AD] 34.51 (27.62 ..
[AD] 0.15 ( 0.12..
[oVa] 29.23 (23.01 ..
[oRa] -0.00 ( 0.00..
[0Ta] 29.23 (23.01 ..
[Dal] 73.00

[AD] 66.20 (51.45 ..
[AD] 091 ( 0.70..
[oVi] 214.28 (161.71 ..
[oRi] -101.77 (-74.54 ..
[oTi] 144.44 (110.99 ..
[oRai] -101.77 (-74.54 ..
[oTai] 144.44 (110.99 ..
[oViIMF] 214.28 (161.71 ..
[Si.Rm] 467 ( 6.18..
[SSi.Rm] 1.50

[Si.Re] 373 ( 4.95.
[SSi.Re] 1.00

KISSsoft

-27.65
-0.38
-33.97
-0.47
128.79
-128.99
-128.58
128.79

—

128.02 )
-128.02
-128.02 )

~

699 )

497 )

52.34
0.23
41.39
0.18
35.45
0.00
35.45

—

80.95
111
266.88
-128.99
177.88
-128.99
177.88
266.88

~—

375 )

3.00 )



Service / Mounting / Dismounting

Transverse-interference-fit:

KISSsoft

Mounting clearance (mm) [PsTh] 0.100
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
Mount with shaft temperature 20 °C
20 276
Mount with shaft temperature -150 °C
-150 156
calculated using the coefficient of thermal expansion
Sub-cooling of the shaft according to DIN 7190-1 (107-6/K)
[aw] 8.50
Through-heat the hub according to DIN 7190-1 (10"-6/K)
[on] 11.00
Longitudinal pressure fit:
Assembly temperature shaft (°C) [Thm] 20.00
Assembly temperature hub (°C) [Thm] 20.00
Coefficient of friction, longitudinal [ue=pa* 1.300] 0.23
Press on (force) (kN) [Fpress] 147.98 (111.45 .. 184.50 )
Coefficient of friction, longitudinal [pll=pa* 1.600] 0.29
Press out (force) (kN) [Fpress] 182.12 (137.17 .. 227.08 )
Coefficient. of friction [b] 0.29
Max. torque to avoid Micro sliding (Nm) [Tlimit] 2900.55 (2124.56 .. 3676.55 )
Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance
End of Report lines: 173
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Cylindrical interference fit

Calculation method: According to DIN 7190-1:2017, elastic range
with additions such as centrifugal force, micro sliding, mounting, etc.
for a horizontal or longitudinal interference fit

Diameter shaft (mm) [DiA)/[Dil] 66.00/ 0.00
Diameter hub (mm) [DaAJ/[Dal] 104.00/ 66.00
Length of Interference fit (mm) Mn 20.00

Diameter of joint (mm) [DF] 66.00

Tolerance Shaft us

Upper allowance Shaft (um) [Aol] 115.0

Lower allowance Shaft (um) [Aul] 102.0

Tolerance measure Shaft (um) [m 13.0

Tolerance hub H7

Upper allowance Hub (um) [AoA] 30.0

Lower allowance Hub (um) [AuA] 0.0

Tolerance measure Hub (um) [TA] 30.0

Largest interference (um) [Po] 115.0

Smallest interference (um) [Pu] 72.0

Nominal torque (Nm) [T 0.00
Application factor [KA] 1.50

Service torque (Nm) [Th] 0.00

Axial force (N) [FA] 0.00

Bending moment (Nm) [Mb] 0.00

Radial force (N) [Fr] 0.00
Circumferential force (N) [Fu] 0.00

Speed (1/min) [n] 21600.00
Interference (um) [P] 935 ( 720 ..
Embedding (um) [s] 6.40

Effective interference at 20°C(68°F) (um) [Pw] 87.10 ( 65.6 ..
Effective interference at working temp.. (um) [PwTh] 87.10 ( 65.6 ..
Service temperature shaft (°C) [ThB] 25.0

Service temperature hub (°C) [ThB] 25.0

Pressure stress by

- Interference (after mounting) (N/mm?) [pM] 81.19 (61.15..
- Interference (working) (N/mm?2) [p] 5450 (34.46..
- Bending moment (N/mm?) [pb] 0.00

- Radial force (N/mm?) [pr] 0.00
Coefficient of friction, axial [pa] 0.180
Coefficient of friction, circumferential [pu] 0.180

Safety against sliding [Sr] > 1000
Required safety against sliding [SSr] 1.20

Equivalent stress according to von Mises
oV = (oR*"2+1T*2-0R*1T)"0.5

Shaft

Material 18CrNiMo7-6
Young's modulus (N/mm?) [El] 206000.00
Poisson's ratio (-) [vi] 0.30

1/3

1150 )
1086 )
1086 )
101.23 )
7454 )



Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)

External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)
Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)

- With outside load (N/mm?)

Inner diameter (mm)

Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point
Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)

External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)
Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)

Inner diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)

- Radial stress with outside load (N/mm?)
- Tangential stress with outside load (N/mm?)
- With outside load (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point
Required safety against yield point

2/3

[e]

(107-6/K) [a]

[Rm]
(d]
[Rp]
(d]

[R7]
[DiA]
[AD]
[AD]
[AD]
[AD]
[oVa]
[oRa]
[oTa]
[oVaMF]
[Dil]
[oVi]
[oRi]
[oTi]

[SiRM]
[SSi.Rm]

[Si.Rp]
[SSi.Rp]

7830.00

11.50

900.00

(40.0 -100.0 )
640.00

(40.0 -100.0 )

N7 Rz=8.0 (Turned with diamond)

8.00

66.00

-5.98 (-1.49 ..
-0.09 (-0.02 ..

-15.76 (-11.27 ..
-0.24 (-0.17 ..
51.11 (31.34 ..

-54.50 (-34.46 ..

-46.86 (-26.82 ..
51.11 (31.34 ..
0.00

36.50 (16.46 ..

-36.50 (-16.46 ..

-36.50 (-16.46 ..

17.61 (28.71 ..
1.50

12.52 (20.42 ..
2.00

42 CrMo 4 (1)

[EA] 206000.00

[VA] 0.30

[e] 7830.00

(107-6/K) [a]  11.50

[Rm] 1000.00

[d] ( 16.0 -40.0 )
[Rp] 750.00

[d] ( 16.0 -40.0 )

N7 Rz=8.0 (Turned with diamond)

[RZ] 8.00

[DaA] 104.00

[AD] 70.83 (57.18 ..
[AD] 0.68 ( 0.55..
[AD] 83.02 (69.37 ..
[AD] 0.80 ( 0.67..
[oVa] 128.44 (101.42 ..
[oRa] -0.00 ( 0.00..
[0Ta] 128.44 (101.42 ..
[Dal] 66.00

[AD] 81.12 (64.11 ..
[AD] 123 ( 097.
[oVi] 256.62 (197.43 ..
[oRi] -54.50 (-34.46 ..
[oTi] 225.00 (177.93 ..
[oRai] -54.50 (-34.46 ..
[oTai] 225.00 (177.93 ..
[oViIMF] 256.62 (197.43 ..
[Si.Rm] 3.90 ( 5.07..
[SSi.Rm] 1.50

[Si.Re] 292 ( 3.80..
[SSi.Re] 2.00

KISSsoft

-10.48
-0.16
-20.26
-0.31
71.03
-74.54
-66.90
71.03

—

5654 )
-56.54
56.54 )

~

1267 )

901 )

84.47
0.81
96.66
0.93
155.47
0.00
155.47

—

98.12
1.49
315.99
-74.54
272.06
-74.54
272.06
315.99

~—

316 )

237 )



Service / Mounting / Dismounting

Transverse-interference-fit:

KISSsoft

Mounting clearance (mm) [PsTh] 0.100
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
Mount with shaft temperature 20 °C
20 303
Mount with shaft temperature -150 °C
-150 185
calculated using the coefficient of thermal expansion
Sub-cooling of the shaft according to DIN 7190-1 (107-6/K)
[aw] 8.50
Through-heat the hub according to DIN 7190-1 (10"-6/K)
[on] 11.00
Longitudinal pressure fit:
Assembly temperature shaft (°C) [Thm] 20.00
Assembly temperature hub (°C) [Thm] 20.00
Coefficient of friction, longitudinal [ue=pa* 1.300] 0.23
Press on (force) (kN) [Fpress] 78.78 (59.33 .. 98.23 )
Coefficient of friction, longitudinal [pll=pa* 1.600] 0.29
Press out (force) (kN) [Fpress] 96.96 ( 73.03 .. 120.89 )
Coefficient. of friction [b] 0.29
Max. torque to avoid Micro sliding (Nm) [Tlimit] 945.67 (597.92 .. 1293.41)
Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance
End of Report lines: 173

3/3



PRILOHA ¢&. 10

Nalisovani odstrikového krouzku - i3



KISSsoft

KISSsoft Release 2020 A.1
KISSsoft — student license (not for commercial use)

File
Name : Nalisovani_krouzek i3
Changed by: Boucek on:24.05.2021 at: 17:24:39

Cylindrical interference fit

Calculation method: According to DIN 7190-1:2017, elastic range
with additions such as centrifugal force, micro sliding, mounting, etc.
for a horizontal or longitudinal interference fit

Diameter shaft (mm) [DIAJ/[DIl] 66.00/ 0.00

Diameter hub (mm) [DaAJ/[Dal] 105.00/ 66.00

Length of Interference fit (mm) [n 20.00

Diameter of joint (mm) [DF] 66.00

Tolerance Shaft ub

Upper allowance Shaft (um) [Aol] 115.0

Lower allowance Shaft (um) [Aul] 102.0

Tolerance measure Shaft (um) [mn 13.0

Tolerance hub H7

Upper allowance Hub (um) [AoA] 30.0

Lower allowance Hub (um) [AuA] 0.0

Tolerance measure Hub (um) [TA] 30.0

Largest interference (um) [Po] 115.0

Smallest interference (um) [Pu] 72.0

Nominal torque (Nm) [T 0.00

Application factor [KA] 1.50

Service torque (Nm) [Th] 0.00

Axial force (N) [FA] 0.00

Bending moment (Nm) [Mb] 0.00

Radial force (N) [Fr] 0.00

Circumferential force (N) [Fu] 0.00

Speed (1/min) [n] 10800.00

Interference (um) [P] 935 ( 720 .. 1150 )
Embedding (um) [s] 6.40

Effective interference at 20°C(68°F) (um) [Pw] 87.10 ( 65.6 .. 108.6 )
Effective interference at working temp.. (um) [PwTh] 87.10 ( 65.6 .. 108.6 )
Service temperature shaft (°C) [ThB] 25.0

Service temperature hub (°C) [ThB] 25.0

Pressure stress by

- Interference (after mounting) (N/mm?2) [pM] 82.22 (61.93.. 102.52 )
- Interference (working) (N/mm?) [p] 75.34 (55.04 .. 95.63 )
- Bending moment (N/mm3) [pb] 0.00

- Radial force (N/mm?) [pr] 0.00

Coefficient of friction, axial [pal 0.180

Coefficient of friction, circumferential [pu] 0.180

Safety against sliding [Sr] > 1000

Required safety against sliding [SSr] 1.20

Equivalent stress according to von Mises
oV = (oR"2+1T"2-0R*TT)"0.5

Shaft

Material 18CrNiMo7-6
Young's modulus (N/mm?) [El 206000.00
Poisson's ratio (-) [vi] 0.30

1/3



Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)
- With outside load (N/mm?)
Inner diameter (mm)

Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness
Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)
Inner diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

- Radial stress with outside load (N/mm?)

[e]

(107-6/K) [a]

[Rm]
(d]
[Rp]
(d]

7830.00

11.50

900.00

(40.0 -100.0 )
640.00

(40.0 -100.0 )

N7 Rz=8.0 (Turned with diamond)

[R7]
[DiA]
[AD]
[AD]
[AD]
[AD]
[oVa]
[oRa]
[oTa]
[oVaMF]
[Dil]
[oVi]
[oRi]
[oTi]

[SiRM]
[SSi.Rm]

[Si.Rp]
[SSi.Rp]

8.00
66.00
-12.49 (-7.94 ..
-0.19 (-0.12..
-17.83 (-13.28 ..
-0.27 (-0.20 ..
74.40 (54.11 ..
-75.34 (-55.04 ..
-73.43 (-53.13 ..
74.40 (54.11 ..
0.00
70.84 (50.54 ..
-70.84 (-50.54 ..
-70.84 (-50.54 ..

12.10 (16.63 ..
1.50

8.60 (11.83..
1.00

42 CrMo 4 (1)

- Tangential stress with outside load (N/mm?)  [oTai]

- With outside load (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

2/

[EA] 206000.00

[VA] 0.30

[e] 7830.00

(107-6/K) [a]  11.50

[Rm] 1000.00

[d] ( 16.0 -40.0 )

[Rp] 750.00

[d] ( 16.0 -40.0 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DaA] 105.00

[AD] 63.25 (49.73 ..

[AD] 0.60 ( 0.47..

[AD] 61.80 (48.28 ..

[AD] 0.59 ( 0.46 ..

[oVa] 112.24 (85.73 ..

[oRa] -0.00 ( 0.00..

[oTa] 112.24 (85.73 ..

[Dal] 66.00

[AD] 74.61 (57.66 ..

[AD] 113 ( 0.87..

[oVi] 24495 (185.37 ..

[oRi] -75.34 (-55.04 ..

[oTi] 198.43 (151.62 ..

[oRai] -75.34 (-55.04 ..
198.43 (151.62 ..

[oViIMF] 24495 (185.37 ..

[Si.Rm] 408 ( 5.39..

[SSi.Rm] 1.50

[Si.Re] 3.06 ( 4.05..

[SSi.Re] 1.00

KISSsoft

-17.04
-0.26
-22.38
-0.34
94.69
-95.63
-93.72
94.69

—

9113 )
-91.13
9113 )

~

950 )

6.76 )

76.76
0.73
75.31
0.72
138.76
-0.00
138.76

—

91.56
1.39
304.53
-95.63
245.24
-95.63
245.24
304.53

~—

328 )

246 )



Service / Mounting / Dismounting

Transverse-interference-fit:

KISSsoft

Mounting clearance (mm) [PsTh] 0.100
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
Mount with shaft temperature 20 °C
20 303
Mount with shaft temperature -150 °C
-150 185
calculated using the coefficient of thermal expansion
Sub-cooling of the shaft according to DIN 7190-1 (107-6/K)
[aw] 8.50
Through-heat the hub according to DIN 7190-1 (10"-6/K)
[on] 11.00
Longitudinal pressure fit:
Assembly temperature shaft (°C) [Thm] 20.00
Assembly temperature hub (°C) [Thm] 20.00
Coefficient of friction, longitudinal [ue=pa* 1.300] 0.23
Press on (force) (kN) [Fpress] 79.79 (60.09 .. 99.48 )
Coefficient of friction, longitudinal [pll=pa* 1.600] 0.29
Press out (force) (kN) [Fpress] 98.20 ( 73.96 .. 122.44 )
Coefficient. of friction [b] 0.29
Max. torque to avoid Micro sliding (Nm) [Tlimit] 1314.71 (960.51 .. 1668.90 )
Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance
End of Report lines: 173
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Cylindrical interference fit

Calculation method: According to DIN 7190-1:2017, elastic range
with additions such as centrifugal force, micro sliding, mounting, etc.
for a horizontal or longitudinal interference fit

Diameter shaft (mm) [DIAJ/[DIl] 124.00/ 0.00

Diameter hub (mm) [DaA)/[Dal] 185.00/124.00

Length of Interference fit (mm) [n 25.00

Diameter of joint (mm) [DF] 124.00

Tolerance Shaft ub

Upper allowance Shaft (um) [Aol] 188.0

Lower allowance Shaft (um) [Aul] 170.0

Tolerance measure Shaft (um) [mn 18.0

Tolerance hub H7

Upper allowance Hub (um) [AoA] 40.0

Lower allowance Hub (um) [AuA] 0.0

Tolerance measure Hub (um) [TA] 40.0

Largest interference (um) [Po] 188.0

Smallest interference (um) [Pu] 130.0

Nominal torque (Nm) [T 0.00

Application factor [KA] 1.50

Service torque (Nm) [Th] 0.00

Axial force (N) [FA] 0.00

Bending moment (Nm) [Mb] 0.00

Radial force (N) [Fr] 0.00

Circumferential force (N) [Fu] 0.00

Speed (1/min) [n] 3600.00

Interference (um) [P] 159.0 (130.0 .. 188.0 )
Embedding (um) [s] 6.40

Effective interference at 20°C(68°F) (um) [Pw] 152.60 (123.6 .. 1816 )
Effective interference at working temp.. (um) [PwTh] 152.60 (123.6 .. 1816 )
Service temperature shaft (°C) [ThB] 25.0

Service temperature hub (°C) [ThB] 25.0

Pressure stress by

- Interference (after mounting) (N/mm?2) [pM] 69.81 (56.54 .. 83.08 )
- Interference (working) (N/mm?) [p] 67.65 (54.38 .. 80.91 )
- Bending moment (N/mm?) [pb] 0.00

- Radial force (N/mm?) [pr] 0.00

Coefficient of friction, axial [pal 0.180

Coefficient of friction, circumferential [pu] 0.180

Safety against sliding [Sr] > 1000

Required safety against sliding [SSr] 1.20

Equivalent stress according to von Mises
oV = (oR"2+1T"2-0R*TT)"0.5

Shaft

Material 42 CrMo 4 (1)
Young's modulus (N/mm?) [El 206000.00
Poisson's ratio (-) [vi] 0.30
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Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness

Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)

- Tangential stress (N/mm?)
- With outside load (N/mm?)
Inner diameter (mm)

Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion
Tensile strength (N/mm?)
Diameter range (mm)

Yield point (N/mm?)

Diameter range (mm)

Surface class of roughness
Surface roughness (um)
External diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)

Diameter increase at 20°C (um)
Diameter increase at 20°C (o0/00)

Equivalent stress outsidea (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)
Inner diameter (mm)

Diameter increase during operation (um)
Diameter increase during operation (0/00)
Equivalent stress inside@ (N/mm?)

- Radial stress (N/mm?)
- Tangential stress (N/mm?)

- Radial stress with outside load (N/mm?)

[e]

(107-6/K) [a]

[Rm]
(d]
[Rp]
(d]

7830.00

11.50

800.00

(100.0 -160.0 )
550.00

(100.0 -160.0 )

N7 Rz=8.0 (Turned with diamond)

[R7]
[DiA]
[AD]
[AD]
[AD]
[AD]
[oVa]
[oRa]
[oTa]
[oVaMF]
[Dil]
[oVi]
[oRi]
[oTi]

[SiRM]
[SSi.Rm]

[Si.Rp]
[SSi.Rp]

8.00
124.00

-20.92 (-15.33 ..

-0.17 (-0.12..

-28.96 (-23.37 ..

-0.23 (-0.19 ..
67.28 (54.01 ..

-67.65 (-54.38 ..
-66.90 (-53.63 ..

67.28 (54.01 ..
0.00
65.88 (52.62 ..

-65.88 (-52.62 ..
-65.88 (-52.62 ..

11.89 (14.81 ..
1.50

8.18 (10.18 ..
2.00

42 CrMo 4 (1)

- Tangential stress with outside load (N/mm?)  [oTai]

- With outside load (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point

Required safety against yield point

2/3

[EA] 206000.00

[VA] 0.30

[e] 7830.00

(107-6/K) [a]  11.50

[Rm] 1000.00

[d] ( 16.0 -40.0 )

[Rp] 750.00

[d] ( 16.0 -40.0 )

N7 Rz=8.0 (Turned with diamond)

[Rz] 8.00

[DaA] 185.00

[AD] 114.42 (94.98 ..

[AD] 0.62 ( 0.51..

[AD] 106.95 (87.51 ..

[AD] 0.58 ( 0.47..

[oVa] 115.56 (93.92 ..

[oRa] -0.00 (-0.00 ..

[0Ta] 115.56 (93.92 ..

[Dal] 124.00

[AD] 131.68 (108.27 ..

[AD] 1.06 ( 0.87..

[oVi] 228.09 (184.99 ..

[oRi] -67.65 (-54.38 ..

[oTi] 186.62 (151.70 ..

[oRai] -67.65 (-54.38 ..
186.62 (151.70 ..

[oViIMF] 228.09 (184.99 ..

[Si.Rm] 438 ( 541..

[SSi.Rm] 1.50

[Si.Re] 329 ( 4.05.

[SSi.Re] 2.00

KISSsoft

-26.51
-0.21
-34.55
-0.28
80.54
-80.91
-80.16
80.54

—

7915 )
-79.15
7915 )

~

993 )

6.83 )

133.85
0.72
126.39
0.68
137.20
0.00
137.20

—

155.09
1.25
271.19
-80.91
221.53
-80.91
221.53
271.19

~—

360 )

277 )



Service / Mounting / Dismounting

Transverse-interference-fit:

KISSsoft

Mounting clearance (mm) [PsTh] 0.100
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
Mount with shaft temperature 20 °C
20 222
Mount with shaft temperature -150 °C
-150 100
calculated using the coefficient of thermal expansion
Sub-cooling of the shaft according to DIN 7190-1 (107-6/K)
[aw] 8.50
Through-heat the hub according to DIN 7190-1 (10"-6/K)
[on] 11.00
Longitudinal pressure fit:
Assembly temperature shaft (°C) [Thm] 20.00
Assembly temperature hub (°C) [Thm] 20.00
Coefficient of friction, longitudinal [ue=pa* 1.300] 0.23
Press on (force) (kN) [Fpress] 159.09 (128.86 .. 189.32 )
Coefficient of friction, longitudinal [pll=pa* 1.600] 0.29
Press out (force) (kN) [Fpress] 195.80 (158.59 .. 233.01 )
Coefficient. of friction [b] 0.29
Max. torque to avoid Micro sliding (Nm) [Tlimit] 6977.76 (5609.31 .. 8346.22 )
Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance
End of Report lines: 173
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Parametry kluznych lozisek



Pocitano v COMBROS-R 1.2.1

GTW TECHNIK

PriSov 24, CZ - 330 11 Tfremosna u Plzné

Vypoctovy list

Zakaznik: Wikov Gear \\ o
Reference: LoZiska pro zkuSebni pfevodovku
Datum: 16.03.2021
Vypracoval: Jan Dolejs
Revize: 00
Cislo vykresu: |LoZisko 1
Cislo GTW: V0270-1 1
Profil otvoru loziska: Naklapéci segmenty - LBP -
Mozny smér otaceni: Obousmérny
Pramér hfidele [mm]: 70 07
Minimalni prdmérova vile [um]: 180
Maximalni prdmérova vule [pum]: 231
Mazaci olej: ISO VG 46
Tlak vstupniho oleje [bar]: 1,5
Radialni (pramérova) vile [um]: 180 231
Provozni podminky:
Primér loziska [mm]: 70,0 70,0
Sitka loziska [mm]: 65,0 65,0
Relativni radialni vile [%o]: 2,57 3,30
Otacky hridele [ot/min]: 10800,0 10800,0
Radialni zatizeni [KN]: 13,64 13,64
Smér pusobeni sily [°]: 213,0 213,0
Mérné zatizeni [MPa]: 3,0 3,0
Obvodova rychlost [m/s]: 39,6 39,6
Vstupni teplota oleje [°Cl: 45,0 45,0
Vychyleni stfedu hfidele ( e) [um]: 80,1 109,7
Uhel vychyleni stfedu htidele (y) [°T: 215,0 215,3
Min. tloustka olejového filmu [um]: 23,0 21,0
Prutok oleje loziskovou sparou [I/min]: 14,4 14,4
Max. tlak v olejovém filmu [bar]: 89,6 92,0
Max. teplota v loZisku [°CI: 101,8 102,3
Vystupni teplota oleje [°CI: 55,6 54,7
Ztratovy vykon [kKW]I: 4,5 4,2
] Chn [KN/mm] 469,540 432,517
Tuhostni [kN/mm] 153,222 144,518
koeficienty
olejového filmu G [kN/mm] 153,222 144,518
Cw [KN/mm] 541,521 487,314
o din [kNs/mm] 0,15900 0,12800
Tlumici g [kNs/mm] 0,03500 0,03300
koeficienty
olejoveho filmu 9 [kNs/mm] 0,03500 0,03300
dyy [kNs/mm] 0,19400 0,15800

GTW vénuje velkou pozornost v poskytovani vysledkd dle nejnovéjsich technickych standardi. Nicméné skuteéné hodnoty se mohou mirné lisit od vypocétenych z duvodu urcité chyby ve vypoctu a chyby v méreni.




Pocitano v COMBROS-R 1.2.1

GTW TECHNIK

PriSov 24, CZ - 330 11 Tfremosna u Plzné

Vypoctovy list

Zakaznik: Wikov Gear \\ o
Reference: LoZiska pro zkuSebni pfevodovku
Datum: 16.03.2021
Vypracoval: Jan Dolejs
Revize: 00
Cislo vykresu: |LozZisko 2
Cislo GTW: V0270-1 1
Profil otvoru loziska: Naklapéci segmenty - LBP -
Mozny smér otaceni: Obousmérny
Pramér hfidele [mm]: 70 55
Minimalni prdmérova vile [um]: 180
Maximalni prdmérova vule [pum]: 231
Mazaci olej: ISO VG 46
Tlak vstupniho oleje [bar]: 1,5
Radialni (pramérova) vile [um]: 180 231
Provozni podminky:
Primér loziska [mm]: 70,0 70,0
Sitka loziska [mm]: 65,0 65,0
Relativni radialni vile [%o]: 2,57 3,30
Otacky hridele [ot/min]: 21600,0 21600,0
Radialni zatizeni [KN]: 13,20 13,20
Smér pusobeni sily [°]: 213,0 213,0
Mérné zatizeni [MPa]: 29 29
Obvodova rychlost [m/s]: 79,2 79,2
Vstupni teplota oleje [°Cl: 45,0 45,0
Vychyleni stfedu hfidele ( e) [um]: 67,1 95,7
Uhel vychyleni stfedu htidele (y) [°T: 217,6 218,4
Min. tloustka olejového filmu [um]: 19,6 24,0
Prutok oleje loziskovou sparou [I/min]: 52,6 52,5
Max. tlak v olejovém filmu [bar]: 83,4 85,5
Max. teplota v loZisku [°CI: 111,5 105,3
Vystupni teplota oleje [°CI: 56,1 55,1
Ztratovy vykon [kKW]I: 16,9 154
] Chn [KN/mm] 535,729 425,115
Tuhostni [kN/mm] 165,992 142,548
koeficienty
olejového filmu G [KN/mm] 165,992 142,548
Cw [KN/mm] 568,105 420,185
o din [kNs/mm] 0,12800 0,09500
Tlumici g [kNs/mm] 0,02100 0,02100
koeficienty
olejoveho filmu 9 [kNs/mm] 0,02100 0,02100
dyy [kNs/mm] 0,13900 0,10300

GTW vénuje velkou pozornost v poskytovani vysledkd dle nejnovéjsich technickych standardi. Nicméné skuteéné hodnoty se mohou mirné lisit od vypocétenych z duvodu urcité chyby ve vypoctu a chyby v méreni.
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Trysky Lechler



4 | Flat fan nozzles
—| Series 612

Compact design, suitable
for narrow installation 1/4 BSPP
conditions. Stable spray - —
angle. Uniform, parabolic
distribu-tion of liquid.

Applications: e ) :
Cleaning installations. cooling \ LECHLER TSGR
B —

headers spray pipes.

Hex 17
<420°-75° <90°-120° Weight Brass: 14 g
Spra Ordering no. A E . ) Spray width
angle 9 YT o 5 v [/min] pray
[mm] | [mm] at p=2 bar
16 |(17' |\ 30 | | | e
}A\ p [bar] AN
Type 3 " P
8129 , [US gal./ H= | H=
g |ee| @ min] at 250 | 500
® |mo| @™ 0.5 1.0 2.0 40 psi 3.0 5.0 10.0 mm mm
20° O 0.70 0.60 0.16* 0.23* 0.32 0.10 0.39 0.51 0.72 75 150
1.00 0.80 0.31* 0.44* 0.63 0.20 0.77 1.00 1.40 80 150
1.30 1.10 0.62* 0.88 1.25 0.39 1.53 1.98 2.80 80 155
1.50 1.20 0.80* 1.13 1.60 0.50 1.96 2.53 3.58 80 155
30° 0.60 0.50 0.16* 0.23* 0.32 0.10 0.39 0.51 0.72 85 140
1.00 0.70 0.31* 0.44* 0.63 0.20 0.77 1.00 1.40 95 160
1.20 0.90 0.50* 0.71 1.00 0.31 1.23 1.58 2.24 105 190
1.50 1.10 0.80* 1.13 1.60 0.50 1.96 2.53 3.58 120 225
2.00 1.50 1.25 1.77 2.50 0.78 3.06 3.95 5.59 135 240
2.50 1.80 2.00 2.83 4.00 1.24 4.90 6.33 8.94 145 285
3.00 2.40 3.15 4.46 6.30 1.95 7.72 9.96 14.09 150 290
3.50 2.70 4.00 5.66 8.00 2.48 9.80 12.65 17.89 150 290
4.00 3.10 5.00 7.07 10.00 3.10 12.25 15.81 22.36 150 290
45° 0.70 0.50 0.16* 0.23* 0.32 0.10 0.39 0.51 0.72 160 315
1.00 0.60 0.31* 0.44* 0.63 0.20 0.77 1.00 1.40 170 340
1.20 0.90 0.50* 0.71 1.00 0.31 1.28 1.58 2.24 175 345
1.50 1.10 0.80* 1.13 1.60 0.50 1.96 2.53 3.58 195 375
2.00 1.40 1.25 1.77 2.50 0.78 3.06 3.95 5.59 190 365
2.50 1.80 2.00 2.83 4.00 1.24 4.90 6.33 8.94 190 365
3.00 2.40 3115 4.46 6.30 1.95 7.72 9.96 14.09 195 370
3.50 2.60 4.00 5.66 8.00 2.48 9.80 12.65 17.89 195 370
4.00 3.00 5.00 7.07 10.00 3.10 12.25 15.81 22.36 195 370
60° 0.70 0.40 0.16* 0.23* 0.32 0.10 0.39 0.51 0.72 245 490
0.90 0.50 0.22* 0.32* 0.45 0.14 0.55 0.71 1.01 250 495
1.00 0.60 0.31* 0.44* 0.63 0.20 0.77 1.00 1.40 255 500
1.20 0.80 0.50* 0.71 1.00 0.31 1.23 1.58 2.24 260 510
1.35 0.90 0.62* 0.88 1.25 0.39 1.53 1.98 2.80 260 510
1.50 1.00 0.80* 1.13 1.60 0.50 1.96 2.53 3.58 270 525
1.65 1.10 0.95* 1.34 1.90 0.59 2.33 3.00 4.25 260 510
2.00 1.30 1.25 1.77 2.50 0.78 3.06 3.95 5.59 260 505
2.20 1.50 1.58 2.23 3.15 0.98 3.86 4.98 7.04 265 505
2.50 1.60 2.00 2.83 4.00 1.24 4.90 6.33 8.94 265 505
2.70 1.80 2.38 3.36 4.75 1.47 5.82 7.51 10.62 265 505
3.00 2.10 3.15 4.46 6.30 1.95 7.72 9.96 14.09 265 505
3.50 2.30 4.00 5.66 8.00 2.48 9.80 12.65 17.89 260 500
4.00 2.60 5.00 7.07 10.00 3.10 12.25 156.81 22.36 255 490
5.00 3.40 8.00 11.31 16.00 4.96 19.60 | 25.30 35.78 255 490
1 We reserve the right to deliver 316Ti SS or 316L SS under the material no. 17. Continued on next page.

A = Equivalent bore diameter - E = narrowest free cross section
*Differing spray pattern Subject to technical modifications.

. . p
[E.064 | 4.12 Conversion formula for the above series: V, = V, * ‘\/E
1



4 | Flat fan nozzles
—| Series 612

Spra Ordering no. A E . ) Spray width
aﬁgué’ Mt o, o} o V [V/min] s
[mm] [mm] at p=2 bar
A %6 (7' (3 | | |
p [bar] A
e —
o |89
D =] g [US gal./ _ _
Q |eB| @ min] at 250 | 500
® |mm| @ 0.5 1.0 2.0 40 psi 3.0 5.0 10.0 mm mm
0.20 0.12 - 0.04* 0.05 0.02 0.06 0.08 0.11 300 580
0.20 0.14 - 0.05* 0.07 0.02 0.08 0.10 0.15 310 590
0.20 0.16 - 0.06* 0.08 0.02 0.10 0.18 0.18 320 600
0.40 0.20 - 0.08* 0.11 0.03 0.14 0.18 0.25 325 610
0.50 0.30 - 0.12* 0.16 0.05 0.20 0.26 0.36 330 615
0.60 0.30 0.11* 0.16* 0.22 0.07 0.27 0.35 0.49 340 630
0.40 0.20 - 0.08* 0.11 0.03 0.14 0.18 0.25 420 820
0.60 0.30 0.11* 0.16* 0.22 0.07 0.27 0.35 0.49 420 820
0.70 0.40 0.16* 0.23* 0.32 0.10 0.39 0.51 0.72 425 840
0.90 0.50 0.22¢ 0.32* 0.45 0.14 0.55 0.71 1.01 425 840
1.00 0.50 0.31* 0.44* 0.63 0.20 0.77 1.00 1.41 425 835
1.20 0.70 0.50* 0.71 1.00 0.31 1.23 1.58 2.24 425 835
1.35 0.80 0.62* 0.88 1.25 0.39 1.58 1.98 2.80 425 835
1.50 0.80 0.80* 1.13 1.60 0.50 1.96 2.53 3.58 425 830
1.65 0.90 0.95* 1.34 1.90 0.59 2.33 3.00 4.25 425 830
2.00 1.10 1.25 1.77 2.50 0.78 3.06 3.95 5.59 425 825
2.20 1.20 1.58 2.23 3.15 0.98 3.86 4.98 7.04 425 820
2.50 1.30 2.00 2.83 4.00 1.24 4.90 6.33 8.94 425 820
2.70 1.40 2.38 3.36 4.75 1.47 5.82 7.51 10.62 425 815
3.00 1.70 3.15 4.46 6.30 1.95 7.71 9.96 14.09 425 810
3.50 1.90 4.00 5.66 8.00 2.48 9.80 12.65 17.89 425 810
4.00 2.40 5.00 7.07 10.00 3.10 12.25 15.81 22.36 425 805
0.35 0.20 - 0.06* 0.08 0.02 0.10 0.13 0.18 610 1140
0.40 0.20 - 0.08* 0.1 0.03 0.14 0.18 0.25 615 1150
0.50 0.20 - 0.12* 0.16 0.05 0.20 0.26 0.36 620 1160
0.60 0.30 - 0.16* 0.22 0.07 0.27 0.35 0.49 620 1170
0.70 0.30 0.16* 0.23* 0.32 0.10 0.39 0.51 0.72 625 1175
0.90 0.40 0.22* 0.32* 0.45 0.14 0.55 0.71 1.01 630 1180
1.00 0.40 0.31* 0.44* 0.63 0.20 0.77 1.00 1.41 635 1190
1.20 0.60 0.50* 0.71 1.00 0.31 1.23 1.68 2.24 640 1195
1.35 0.60 0.62* 0.88 1.25 0.39 1.53 1.98 2.80 645 1200
1.50 0.60 0.80* 1.13 1.60 0.50 1.96 2.53 3.58 650 1200
1.65 0.90 0.95* 1.34 1.90 0.59 2.33 3.00 4.25 650 1205
2.00 0.90 1.25 1.77 2.50 0.78 3.06 3.95 5.59 655 1210
2.20 1.10 1.58 2.23 3.15 0.98 3.86 4.98 7.04 660 1215
2.50 1.30 2.00 2.83 4.00 1.24 4.90 6.33 8.94 660 1220
2.70 1.40 2.38 3.36 4.75 1.47 5.82 7.51 10.62 665 1230
3.00 1.60 3.15 4.46 6.30 1.95 7.71 9.96 14.09 675 1245
3.50 1.70 4.00 5.66 8.00 2.48 9.80 12.65 17.89 680 1260
4.00 2.00 5.00 7.07 10.00 3.10 12.25 15.81 22.36 690 1280

1 We reserve the right to deliver 316Ti SS or 316L SS under the material no. 17.
A = Equivalent bore diameter - E = narrowest free cross section
*Differing spray pattern Subject to technical modifications.

Example Type + Material-no. = Ordering no.
for ordering: 612145 + 16 612.145.16

. . p
Conversion formula for the above series: V, = V, * ‘\/E
1

The folded page at the end of the catalogue will give
you a survey on the various assembly possibilities.
For complete assembly accessories, please refer to
»Accessories«.

4.13

Flat fan nozzles
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Ucpavka Meusburger



meushurger

Kugelverschlussstopfen

E 2071.. ~— |
= Expander sealing plug
N—"
E 2071 E 20719
Mat.: St Mat.: Edelstahl / Stainless steel

I | d2 max. 12 min. t2 d1 Nr./ No. Nr./ No.
4 5.2 33 3.8 0.2 4 E2071/ 4

55 7.1 4.3 5.3 0.4 5 E 2071/ 5

6.5 8.6 5.3 6.3 ) E 2071/ 6 E 20719/ 6
7.5 10.1 6.4 7.3 7 E 2071/ 7 E 20719/ 7
8.5 11.6 7.4 8.3 03 8 E 2071/ 8

10 13.6 8.4 9.8 0.4 9 E 2071/ 9 E 20719/ 9
11 15.1 9.4 10.8 10 E 2071/10

13 17.9 10.6 12.8 12 E 2071/12 E 20719/12
15 20.6 12.7 14.5 14 E 2071/14

17 234 14.7 16.5 0.6 16 E2071/16

19 264 16.7 18.5 18 E2071/18

22 30.1 18.7 215 0.8 20 E 2071/20

25 34 20.7 245 22 E 2071/22

V 22020

12

=

V 22310

d1 +.8'1
min 0.5 x d1
d2 ——
t2

/

Information

» Zuverléssig abdichtende Kugelverschlussstopfen in zahlreichen GroBen
» Einfache, schnelle Montage mit normaler Bearbeitungstoleranz
» Auch fir hohe Dricke und unterschiedliche Medien geeignet

» Reliable expander sealing plugs in many dimensions

» Easy and quick assembly with standard working tolerance
» Also appropriate for high pressure and different media
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Excentricky rychloupina¢



Upinaci prvky

Excentrické upinaci prostfedky

Rychloupinace s excentrem- se Sroubem

23390.0031

-

Vykres s rozméry

Popis produktu

K rychlému upnuti a uvolnéni dilu bez jeho nechténého pootoceni.
U provedeni "nastavitelny" (Obr. 2) se da ménit poloha packy pomoci stavéci matice.

Material

Podlozka
» Termoplast PA, zesileny skelnymi viakny

Paka

» Zinkovy tlakovy odlitek, potazeny plastem,
éerna

Vnitfni dily

» Ocel, zinkovana

Sroub
* Ocel, zinkovana

Stavéci matice
* Ocel, zinkovana

N\
A\

o \ fany @ far ¥
- -
o~ m
= N = =
dS 5 d4 %
©/ o, | obr.1 o/ g, | 0br.2
2 c — =
] L
0 “
= )
Informace pro objednani
Rozméry Zdvih & &
)
| d2 h1 d3 d5 hg b P¥i 90° max.
max. max. poloze péky
V upinaci poloze
[mm] [mm] [°C] ol

se Sroubem — Obr. 1, Ocel

63 M5 20 16 18,5 16,4 16 0,75 80 63 | 23390.0031
EE HALDER Strana 1 od 2

Stanek: 9.5.2021


http://halder.com/cz/23390.0031

Upinaci prvky
Excentrické upinaci prostfedky

Priklad pouziti

Strana 2 od 2
tNHALDER Stének: 9.5.2021



PRILOHA ¢&. 16

Vlastni frekvence pirevodovky

Vlastni frekvence [Hz]

1. | 2103,78 | 35. 4474,70 | 69. | 5990,57
2. | 226042 | 36. 449352 | 70. | 6001,14
3. | 236024 | 37. 452414 | 71. | 6073,46
4. | 252053 | 38. 4562,44 | 72. | 6087,28
5. | 259960 | 39. 4590,26 | 73. | 6102,74
6. | 268811 | 40. 460528 | 74. | 6200,29
7. | 273127 | 41. 4717,67 | 75. | 6205,56
8. | 273750 | 42. 4751,89

9. 2927,2 43. 4774,77

10. | 293435 | 44. 4796,75

11. | 3028,10 | 45. 4856,57

12. | 313804 | 46. 4873,12

13. | 3170,52 | 47. 4927,01

14. | 325451 | 48. 4959,61

15. | 3311,95 | 49. 5048,61

16. | 3341,79 | 50. 5198,30

17. | 342825 | 51. 5211

18. | 3480,80 | 52. 5268,30

19. | 3497,92 | 53. 5292,52

20. | 3561,22 | 54. 5314,37

21. | 360894 | 55. 5364,74

22. | 370590 | 56. 5430,33

23. | 373162 | 57. 5434,47

24. | 3767,61 | 58. 5482,94

25. 3853 59, 5536,51

26. | 3890,35 | 60. 5560,26

27. 3935 61. 5578,91

28. | 400328 | 62. 5655,16

29. | 4072,03 | 63. 5686,74

30. | 4193,34 | 64. 5803,50

31. | 4263,12 | 665. 5809,66

32. | 4272,03 | 66. 5858,39

33. | 431465 | 67. 5878,65

34. | 442249 | 68. 5972,71
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Maximalni natoCeni pastorku prevodovky je +/- 55 mm vyskove PODLOZKA 24 CSN 02 1740
57 | PODLOZKA 20 CSN 02 1740 0,012 8
56 | PODLOZKA MB 25 CSN 02 3640 0,120 1
55 | MATICE KM M25x2 CSN 02 3630 1,29 1
54 | MATICE M20 ISO 4032 0,075 8
53 | MATICE M24x3 ISO 4032 0,13 8
52 | MATICE M36x3 ISO 4032 0,43 16
51 | KOLIK 25x60 ISO 2338 0,23 2
50 | ZATKA E 2071 16 MEUSBURGER 0,025 2
49 | ZATKA M16 CSN 02 1915.11 0,04 2
48 | ZATKA M24 CSN 02 1915.11 0,10 2
47 | EXCENTRICKY RYCHLOUPINAC HALDER 0,063 1
46 | SROUB M5x35 ISO 4762 0,007 2
45 | SROUB M12x25 CSN 021143A 0,04 8
44 | SROUB M12x45 ISO 4762 0,06 16
43 | SROUB M16x35 CSN 02 1131 0,08 2
A'A 42 | SROUB M16x50 ISO 4762 0,12 8
310%0.05 35540 05 41 | SROUB M20x60 CSN 021143A 0,23 8
’ ’ 40 | SROUB M24x100 ISO 4014 0.48 8
39 | SROUB M36x300 DIN 976 - 1 2,38 8
4B 38 | PRIRUBA PRIVOD OLEJE - ZASLEPKA SAE - AFC -106 0,84 2
18 15 8 20 23 22 12 106 11 5 7 10 37 | PRIRUBA PRIVOD OLEJE SAE - AFC -106S 044 2
| 36 | PRIRUBA ODPAD OLEJE ZASLEPKA SAE - AFC -116 3,85 1
35 | PRIRUBA ODPAD OLEJE SAE - AFC -116S 2,00 1
34 | KLUZNE LOZISKO - 2 GTW 5,50 2
m | 29 33 | KLUZNE LOZISKO - 1 GTW 550 2
29 w\ \ |/ 32 | LOZISKO SKF 7305 BE - 2RZP SKF 0,23 2
_=v ] : : | 51 31 | LOZISKO SKF NUP 226ECJ SKF 6,50 2
/@ 4 L/ : Q\/ < o S @ 30 | SPRCHY - i3 DP - 1030 0,87 1
) ( ) 0 ; ] ( py ) 29 | SPRCHY - i6 DP - 1029 0,68 1
@ 4 @ 28 | PODLOZKA DP - 1028 11 373 0,19 2
- - 3 | | | [i | | 27 | OBJIMKA DP - 1027 11500 | 0,36 1
34 S@- 26 | ODSTRIKOVY KROUZEK - RYCHLOBEH DP - 1026 15 142 0,67 2
—_— ] I 25 | ROZPERNA TRUBKA - 4 DP - 1025 11 373 0,95 1
@ | ' @ 24 | ROZPERNA TRUBKA - 3 DP - 1024 11373 | 1,01 1
o [ 23 | ROZPERNY KROUZEK DP - 1023 11 373 1,06 1
] 0 22 | ODSTRIKOVY KROUZEK - POMALUBEH DP - 1022 15 142 1,25 2
@ . : J @ 21 | KLICKA DP - 1021 11 373 1,41 1
: 20 |VICKO -2 DP - 1020 11 373 1,57 1
@ 19 |ViCKO DP - 1019 11 373 1,67 1
] TN i ] of 18 | AXIALNI KRUH - i6 DP-1018 15 330 2,20 2
- I! \E m | Y ] 17 | ROZPERNA TRUBKA DP - 1017 11 373 2,22 1
47 38 @ @ N N @ @ 16 | ROZPERNA TRUBKA - 2 DP - 1016 11 373 2,56 1
N N . = i
B 51 @ o P “‘2.3 q§ ;/ / / : P - @—}/ 15 U?F’AVKA RYCHLOBEH DP - 1015 11 373 2,80 2
D T 14 | PRIRUBA DP - 1014 11 523 4,60 2
45 738 .% i i 13 | LABYRINTOVA UCPAVKA - RYCHLOBEH DP - 1013 11 373 6,69 2
1 s e v
o < M& 12 | LABYRINTOVA UCPAVKA - POMALUBEH DP - 1012 11 373 6,72 1
% 11 | SNEKOVY HRIDEL DP - 1011 15 330 7,06 1
10 | AXIALNI KRUH - i3 DP - 1010 15 330 7,10 2
9 |UCPAVKA - POMALUBEH DP - 1009 11 373 8,40 1
36 90 435 435 80 33 . :
— 8 | RYCHLOBEZNA HRIDEL - i6 DP - 1008 16 326 15,26 1
7 | RYCHLOBEZNA HRIDEL - i3 DP - 1007 16 326 27,82 2
13 16 9 55 56 14 26 53 6 |POMALUBEZNY HRIDEL DP - 1006 15 142 71,20 1
5 | KOLO DP - 1005 16 326 99,57 2
4 | NATACECI DESKA DP - 1004 11 373 339,41 1
3 | VIKO SKRINE DP - 1003 11 373 350,68 1
2 | SPODEK SKRINE DP - 1002 11 373 524,13 1
1 | NATACECI LOZE DP - 1001 11 373 751,37 1
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Modu | mn 5
3,2 FPocet zubu z 34
Normalny zakladni profil - CSN Ol 4607
Uhel sklonu bocni krivky zubu Beta 13
Smys | stoupani bocni krivky zubu |- PRAVY
Jednotkove posunuti X 00,6980 mm
Stupen presnosti podle - CSN Ol 4682
dvoubokeho odvalu F D
za otacku
Kontrolovane |dvoubokeho odvalu o
mezni uchylkyl|zo roztec
sk lon zubu F Beta
vzdalenosti os Fa +/-0,03
%/‘0,015“\5‘ _ [Cisio vykresu - DP- 1006
Spoluzobira, i Pocet zubu z 103
0,8 ci kolo .
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Modu | mn 5
3 2 Pocett zubu z 17
! Normalny zakladni profil - CSN Ol 4607
Uhel sklonu bocni krivky zubu Beta 13
Smys | stoupani bocni krivky zubu |- PRAVY
Jednotkove posunuti X 0,4077 mm
Stupen presnosti podle - CSN Ol 4682
dvoubokeho odvalu i D
za otacku
Kontrolovane |dvoubokeho odvalu I
mezni uchylkyl|zo roztec
sk lon zubu F Beta
vzdalenosti os Fa +/-0,03
) [Cislo vykresu - DP-1006
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