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1 Uvod

Cilem této diplomové prace je konstrukéni névrh frézovaciho zafizeni IFVWI122 pro
frézovaci véz FS7, ndvrhové vypocty, vytvoreni 3D modelu a vybrané 2D dokumentace.
Jednd se o pridavné zafizeni k soustruhu SR3 a wvysSSich fad. Slouzi k rozsiteni
technologickych operaci vykonavanych na soustruhu, jako jsou naptiklad rovinné plochy na
rotacnich soucastech, tvorba drazek pro pera na hiidelich nebo vytvareni obecnych ploch.

V praci je zprvu predstavena zadavatelska firma. Dale je uvedena problematika
frézovacich zafizeni, jejich zafazeni do systému vyrobnich stroji a popis jejich funkénich
casti. Ukazky existujicich provedeni frézovacich hlav od zadéavajici a konkurencnich
spole¢nosti.

Stézejni Cast prace se zabyva konstrukénim navrhem frézovaci hlavy, kde byly
provedeny navrhy jednotlivych ¢asti. Nejprve byla zvolena celkova kinematika frézovaciho
zafizeni, podle které byla prace zhotovena aZ do finalni verze. Déle byl zvolen potiebny
motor pro hlavni fezny pohyb. Poté nasleduje ndvrh vietene se vSemi naleZitostmi (volba
nastroje, ulozeni, upinani ndstroje, pfivody fezné a tlakové kapaliny). Posledni navrhovou
Casti je problematika tykajici se nataceni skiin€ vietene (motor, prevody, uloZeni).

Ve finalni ¢asti prace jsou provedeny kontrolni vypocty prevodovych soucasti, MKP
analyzy pevné i pohyblivé skiin€ a feSeni upevnéni frézovaci hlavy na frézovaci véZ. Zavérem
jsou ukézany 3D modely navrZzeného feSeni.

2 Predstaveni SKODA MACHINE TOOL a. s.

Firma SKODA byla zaloZena roku 1859 a jiz koncem 19. stoleti zaujala vyznamné postaveni
mezi evropskymi strojirenskymi zavody. Po prvni svétové valce zvySovani podilu vyvozu
a potteby novych, ¢asto unikatnich, obrabécich stroji vedlo ke vzniku nového vyrobniho
oboru — konstrukce a vyroba obrabécich stroju. Béhem 2. svétové valky byl tento obor
potlacen do tustrani.[1]

Vyrobni program obohaceny modernimi prvky byl obnoven po roce 1945. Stroje
vyrobené po druhé svétové valce se fadily mezi svétovou Spicku, vyznaCovali se vysokymi
feznymi parametry a unifikaci dilti, jako naptiklad fada horizontek: W160, W200, W250.[1]

V 90. letech 20. stoleti byla firma privatizovana, vznikl podnik SKODA MACHINE
TOOL-DORRIES SCHARMANN GROUP, s.r.0. a byl zahajen vyvoj fady novych soustruht.
V roce 2005 byl téméf cely podil podniku proddn spolecnosti TELONIA TRADING
LIMITED ze skupiny SIG a o rok pozdé&ji se z firmy stala akciova spole¢nost. Posledni
udalosti v SMT a.s. byl vstup do skupiny ALTA, ktera je jednou z nejvétsich skupin
strojirenstvi a engineeringu ve sttedni a vychodni Evropé.[1] [2]

Nyné&jsi vyrobni program spole¢nosti se zabyva tézkymi horizontdlnimi frézovacimi a
vyvrtavacimi stroji HCW doplnénymi leh¢i fadou FCW. Ale také pfisluSenstvim k t€émto
strojim, jako jsou oto¢né stoly TDV a fada riznych frézovacich, vyvrtavacich a brousicich
hlav atd. V oboru tézkych soustruhl se vénuje nové fadé s oznacenim SR. Vsechny vyrobky
jsou koncipovany jako modularni stavebnicové fady s moZnosti reagovat na pozadavky
zakaznik.[3]
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3 Uvod do problematiky

Vyrobni stoje slouzi k transformaci polotovaru v dostupném stavu (ingot, odlitek, vykovek,
vylisek atd.) na pozadovanou podobu at’ uz na polotovar pro dalsi vyrobu nebo hotovy
produkt. Vyrobni stroje se déli na tvaieci a obrabéci.

Do tvarecich stroja patii buchary, lisy, valcovaci stolice, délici stroje, stroje na drceni
materialu a dal$i. Vyznacuji se tim, ze béhem technologické operace vykonavané strojem
nedochazi k tvorbe tiisky. Ve vétsing ptipadi dochazi k zhutniovani materidlu, zméné tvaru, ¢i
oddéleni uréité ¢asti, ale nikoliv k hmotnostni zméne.

Zatimco obrabéci stroje jsou charakteristické odebiranim materialu z polotovaru. D¢l
se na nekonvencni obrabéci Stroje, které odstrafiuji material z produktu nemechanickym
zpusobem (elektroerozivni, elektrochemické, ultrazvukové obrabéni atd.) a konvenéni
obrabéci stroje, které odebiraji z obrobku tfisku (soustruzeni, frézovani, brouseni,
protahovani, hoblovani a obraZeni)

Je zteymé, ze frézovaci hlava, ktera je predmétem feSeni této diplomové prace, spada do
obrabécich stroji s konvekénim zptisobem odebirani materidlu. Piesnéji do piislusenstvi pro
hrotovy soustruh fady SR umoznujici provadét frézovaci operace.

3.1 Zarazeni frézovaciho zarizeni IFVW122 do systému obrabécich stroji

Frézovaci zatizeni IFVW122 pro véz FS7 je ptidavné zafizeni pro hrotovy soustruh fady SR,
na kterém je tato véZ umisténa.

3.1.1 Hrotovy soustruh

Vodorovny hrotovy soustruh se skladd z n€kolika funk¢nich Casti: ramu, ktery slouzi jako
prvek ukotveni stroje do zakladu, loze, vieteniku, koniku a suportii. A dal§iho ptisluSenstvi:
lamelovy suport, licni deska, skli¢idla, brousici zatizeni, frézovaci véz atd.

3.1.1.1 Loze

Cast ramu, na které jsou vodici plochy pro posuvy koniku a suportu. Pfenasi veskeré tihové
sily od ostatnich ¢asti stroje, rovnéz tak fezné sily. Namahani je predevsim tlakem a krutem.
Pozadavky kladené na loze jsou piedevsim dostatecné vysoka tuhost, aby dokézala bezpecné
pienést vSechny pusobici sily pi1 dosazeni pozadované presnosti obrabéni, a tlumici
schopnosti, dale umoznéni odvodu tfisek a jednoducha vyroba.

3.1.1.2 Vretenik

Cast ramu, ve které je uloZzen mechanismus pohonu hlavniho fezné¢ho pohybu a jeho vystupni
¢len (vieteno). Pozadavky na vietenik jsou zachyceni feznych sil plisobicich na vieteno,
tlumeni vibraci od pohonu a zajiSténi presného pohybu vietene po lozi.

3.1.1.3 Konik

Cast ramu, ktera slouzi k upevnéni obroku na druhy hrot. Sklada se ze svrsku a spodku
konika. Svr§ek nese odpruZenou pinolu a upinaci hrot. Na spodku konika jsou vodici plochy k
posuvu po lozi a upinaci jednotky pro zpevnéni jeho polohy. Tuhost v radidlnim sméru se
poZaduje srovnatelna s radidlni tuhosti vietene kvuli zajiSténi pfesnosti pohybu obrobku.
Axidlni uloZeni musi umoznovat dilataci potfebnou pro vyrovnani teplotni roztaZznosti

obrobku.

-10 -
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3.1.1.4 Suport (Sané)

Cast ramu, ktera nese nastroj, zachycuje a pienasi fezné sily do loZe. Potiebna dostatené
vysoka tuhost v ohybu, torzi, tlaku a stykova tuhost ve vedeni, tak aby byl zaji§tén pienos
feznych sil ve vSech smérech a proces obrabéni mél pozadovanou presnost. Miize byt pticny,
podélny, deskovy a kiizovy. Na podélny suport se umistuje ptidavna frézovaci véz. [9]

3.1.1.5 PrisluSenstvi — frézovaci véz

Frézovaci véze se vyuzivaji pro komplexni obrabéci operace (soustruzeni, frézovani, vrtani,
brouseni). Na v€z se umist'uji podle zvolené operace frézovaci hlava (viz Obr. 1 - Cervena
Cast), brousici hlava, revolverova hlava, deskovy nosi¢ nastroju, vyvrtavaci tyce atd.

FREZOVACI ZARIZENI

FREZOVACI

VEZ i SOUSTRUH SR3

=

Tl |

LOZE

Obr. 1 - Umisténi frézovaciho zaFizeni na obrabécim stroji (soustruhu SR3) - pohled osou vi'etene

-11 -
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3.2 Frézovaci zarizeni

Zvysuji flexibilitu a technologické moznosti stroje. Vyuzitim frézovacich zafizeni na
soustruhu dochazi ke snizovani vyrobnich casl, pfedevs§im mezioperacnich, a zvySeni
presnosti vyroby, podlozenou moznosti vyhotovit pozadovany tvar obrobku na jedno upnuti.
Napriklad tvorba drazek rovnobéznych s osou rotace obrobku, riznych zapichli, zarovnani,
popiipad¢ opracovani vnitinich ploch u velkych soucasti. Frézovaci zatizeni (hlavy) se déli
podle nékolika kritérii.:

Dle poctu a sklonu os natdacenti’

» uhlové nataceni kolem jedné osy — sklon 90°
» univerzalni nataceni kolem dvou os — sklon 90° nebo 45°

Dle zpiisobu nataceni:

» rucni nataceni
» pomoci vietene stroje (indexovani)
» polohovym servomechanizmem

Dle upinani nastroju

» ruéné
» automatickym upinacem

Dle manipulace s hlavou

» ruéné s pomoci jefabu, manipulacnim vozikem
» automaticky (AAC) pick-up
[

3.2.1 Funkéni ¢asti

Obecné se frézovaci zatizeni skladaji z n¢kolika Casti, které jsou popsané dale.

3.2.1.1 Ram

Ram je ,télem* frézovaciho zafizeni, ve kterém jsou ulozeny vSechny ostatni ¢asti. Zajistuje
pienos feznych sil do uchyceni. Je tvofen pohyblivymi a nepohyblivymi ¢astmi v zavislosti na
tom, o jaky druh zafizeni se jedna (pocet pohyblivych os). Pohyblivé ¢asti obvykle obsahuji
uloZeni vietene, kvilli docileni nataceni frézy do poZadované polohy, zatimco nepohyblivé
¢asti slouzi jako nosny prvek celé konstrukce.

3.2.1.2 Hlavni pohon

Zajistuje hlavni fezny pohyb nastroje. Pfenos kroutictho momentu z motoru na vieteno se
realizuje ptfes pirevodové mechanismy nebo mize byt zajiStén piimo. Hojné se vyuziva
ozubenych kol jak kuZelovych tak celnich s Sikmymi i1 pfimymi zuby. V ptipadé piimého
pohonu je vieteno rotorem elektromotoru (elektrovieteno) a odpadd nutnost prevodovych
mechanismi k pfenosu kroutictho momentu. Tento zplsob se vyuzivad pro vysoké otacky
vietene a malé fezné sily (momenty).

-12 -
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)

A

Obr. 2 - Priklad provedeni elektrovicetena [1]

3.2.1.3 Vedlejsi pohony

Pokud frézovaci zatizeni umoznuje dalsi rotaci (jinou nez rotaci nastroje), je zapotiebi zajistit
pohon tohoto otac¢eni. Jak jiz bylo uvedeno dfive, otdeni miize byt realizovdno ru¢nim
natdCenim, indexovanim nebo pomoci servomechanismi. Dal$i vedlejsi pohony mohou
slouzit jako vysuv vietene, ¢i posuv celého zafizeni. Pohyby zafizeni se voli podle
pozadované vyrobni operace a konstrukéniho provedeni frézovaci hlavy (pocet a sklon os
nataceni).

3.2.1.4 Pripevnéni ke stroji

Nepohybliva ¢ast rdmu se ptipevni k urcité casti stroje, v zavislosti na jakém stroji je
frézovaci zafizeni pouzito. V této praci se jednd o frézovaci zafizeni na frézovaci véz
k soustruhu. Takze nepohyblivy ram bude piipevnén na Casti frézovaci véze, ktera umoznuje
posuv ve vertikdlnim sméru (Celni deska frézovaci véze). Pripevnéni je nejCastéji zajiSténo
Srouby.

3.2.1.5 Upinani nastroji

K upinani nastroju se pouzivaji reduk¢éni pouzdra s kuzelovou stopkou (ISO, MORSE atd.).
Pouzdro se zalozi do kuzelové diry ve vietenu, ¢imz je zajisténo stfedéni. Kroutici moment se
pienasi pomoci unaSecich kament.

3.2.1.6 Privody médii

Je tfeba zajistit pfivod procesni kapaliny, ktera muze byt vedena stfedem nastroje nebo
externim privodem sméfovana do mista fezu. Déle elektrickou energii k hlavnimu pohonu a
k vedlej$im pohonnym jednotkam. V nékterych piipadech také vzduch pro ,,0fuk* nastroje a
odstranéni necistot. V neposledni fadé také datové kabely (logické obvody) od snimact a
fidicich jednotek pohonnych mechanismi. Uspotadéani piivodl je velmi rozmanité a vétSinou
unikatni pro kazdy typ frézovaci hlavy. Kabely a hadice 1ze umistit do energetickych fetézl,
které je chrani pfed necistotami a mechanickym poSkozenim, také zajisti dodrZovéani
minimalniho poloméru ohybu kabeli, aby nedochazelo k plastickému tvareni materidlu
kabeli a zvysila se tak jejich zivotnost. [9]
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4 Frézovaci hlavy SMT a.s.

SKODA MACHINE TOOLS a.s. nabizi nékolik druhti frézovacich zafizeni uréenych pro
horizontky nebo jako pfidavné prislusenstvi soustruhti SR. Jako ptiklad bylo vybrano nékolik
zastupci frézovacich hlav, které jsou svymi parametry blizké zadanym viz kapitola 6.1.

Vykon kW 55

Moment Nm 2600

z Jmenovité otacky min’! 200
2 Maximalni otacky min’! 2 500
= Prevod otacek i 1:1
E Kuzel vietene ISO 50
= Nataceni 1. osy o 0-360(1°/2,5°
Hmotnost kg 650

Vykon kW 55

Moment Nm 2 600

A Jmenovité otacky min’ 200
'S Maximalni otacky min’ 2 500
- Pfevod otacek i 1:1
E Kuzel vietene I1SO 50
LL. Nataceni 1. osy o 0-360 (1%2,5°
Nataceni 2. osy o 0-360 (1°/2,5°%

Hmotnost kg 1030

Vykon kw 50

Moment Nm 2 000

ot Jmenovité otacky min’' 239
E Maximalni otacky min’' 2 000
8 Prevod otdcek i 1]
N Kuzel vietene ISO 50
E Nataceni 1. osy o n x 360
= Nataceni 2. osy (o} +95
Hmotnost kg 2 745

Tabulka 1 - Vybrané frézovaci hlavy od spole¢nosti SMT a. 5.[2]

Hlava IFVW 102 C umoznuje rotaci pouze kolem jedné osy a hlava IFVW 207 C kolem dvou
os, na sebe kolmych. U obou provedeni je otdceni feSeno pomoci indexovéani. Zatimco
hlava UFK 2000 NC dovoluje souvislé nataceni kolem jedné oSy a kolem druhé pouze
kyvani (natacent). [4

-14 -



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok %015/ 16
Katedra konstruovani stroju Bc. Marcel Svagr

5 Frézovaci zarizeni ostatnich spolecnosti

Bylo vybrano nékolik spoleCnosti zabyvajicich se frézovacimi zafizenimi. Jako hlavni
predstavitel byla zvolena firma se sidlem v Ceské republice TOS VANSDOREF a.s. Déle jsou
uvedeni zahrani¢ni konkurenti: PAMA S.p.A.,, Cytec System a Goratu Ma4aquinas
Herramienta S.A.

5.1 TOS VANSDOREF a.s.

Spolecnost TOS VANSDOREF a.s. se specializuje na vyrobu horizontalnich frézovacich a
vyvrtavacich strojii a obrabécich center. Frézovaci zatizeni vyrabi jako pfislusenstvi k témto
strojim. Jako ptiklad jsou uvedeny dvé rizné frézovaci hlavy.

Vykon kW 32
Moment Nm 1000
Maximalni otacky min™ 3000
Prevod otacek [ 1:1
Kuzel vietene ISO 50
Nataceni 1. osy o] 2x360
Nataceni 2. osy o] 2x360
Hmotnost kg 440
Vykon kW 22
Moment Nm 500
Maximalni otagky min™ 3500
Prevod otacek [ 1:1
Kuzel vietene ISO 50
Nataceni 1. osy 0 +100
Nataceni 2. osy 0 +190
Hmotnost kg 800

Tabulka 2 — Vybrané frézovaci hlavy od spole¢nosti TOS VANSDOREF a.s. [3]

Univerzalni hlava HUI 50 je automaticky indexovana a slouzi k obrabéni ploch orientovanych
v zakladnich smérech i obecné vii€i ortogondlnimu soufadnému systému stroje. HV/V je
vidlicova frézovaci hlava s ndhonem od vfetene stroje, umoZznuje i souvislé obrabéni pti
soucasném pohybu obou os. [5]
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52 PAMAS.p.A.

Italska spole¢nost zabyvajici se vyrobou vyvrtavacek, frézek a obrabécich center. Jako
prislusenstvi k témto stroji dodava také frézovaci hlavy. Bohuzel parametry tohoto
ptislusenstvi poskytuje az po projeveni zajmu o vyrobek, proto jsou uvedeny pouze ilustracni
obrazky.

Obr. 3 - Vybrané frézovaci hlavy spole¢nost PAMA S.p.A [4]

5.3 Cytec System

Tato spole¢nost se vénuje vyrobé frézovacich hlav. Hlavni fezny pohyb téchto hlav je ve
veétSing pripadil realizovan tzv. pfimym pohonem (elektrovietenem). Tomu odpovidaji 1
technické parametry téchto zatizeni, vysoké otacky a nizké momenty.

Frézovaci hlava na Obr. 4 se vyrabi se
Ctyfmi parametroveé odliSnymi hlavnimi
pohony. S vykonem od 21kW do 37kW,
Vv nejsiln€j$i verzi dosahuje otafek az
5 000ot/min pfi vystupnim momentu
253Nm. Verze snejvysSimi otackami
(24 0000t/min)  dosahuje  momentu
pouhych 91Nm.

[6]
Obr. 4 - Frézovaci hlava M21 UNIVERSALJ5]

Na Obr. 5 je dalsi frézovaci hlava
spole¢nosti Cyber System. Disponuje
také Ctyfmi riznymi provedenimi
hlavniho pohonu. Nejvyssi dosahované
parametry jsou vykon 60kW, moment
708Nm a otacky 24 000ot/min. Tyto
hodnoty nejsou spojené v jednom
provedeni, vzdy je zvySen jeden
parametr na tkor ostatnich.

[7]
Obr. 5 - Frézovaci hlava G30 GABEL[5]
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5.4 Goratu Maquinas Herramienta S.A.

Spanélska spolednost specializujici se na technologii soustruZeni a frézovani. Vyrabi jak
soustruhy a frézovaci stroje, tak veskeré ptislusenstvi, jako jsou naptiklad frézovaci hlavy. [8]

Obr. 6 - Frézovaci hlava LU40 [6] Obr. 7 - Frézovaci hlava LO40 [6]

Na Obr. 6 je universalni automatickd frézovaci hlava LU40 o vykonu 28kW, momentu
1080Nm a otackach 3 000 — 5 000ot/min. Na obrazku vpravo je ortogonalni automaticka
frézovaci hlava se stejnymi parametry. Ob¢ hlavy maji rozliSovaci schopnost nataceni 1°.

6 Konstrukéni navrh frézovaci hlavy

Cilem této prace je navrhnout konstrukci frézovaci hlavy IFWV 122, tak aby splnila
pozadavky zadavatele. Do konstrukce se nejvice promitnou hlavni parametry jako vykon,
moment, otacky a potfeba vedlejSiho pohybu (kyvani). Specifikace pozadavkl je uvedena
v dalsi kapitole.

6.1 Specifikace pozadavka a zadanych hodnot

Moment na vieteni 2000Nm
Max. otacky vietene 20000t/min
Vykon 51kw
Zivotnost 8000hod
Otéceni kolem osy B +100°
Rychlost otaceni kolem osy B cca 5ot/min

Moznost zpevnéni polohy natoceni vietene v jakékoliv pozici (ne indexovani)

Kuzelova plocha pro upinani néstroje I1ISO 50
Ptivod fezné kapaliny sttedem nastroje
Mazani nejlépe tukem

Tabulka 3 - Zadané parametry a pozadavky
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Otéaceni (kyvani) kolem osy B je naznaceno na Obr. 8.
Kromé hodnot a pozadavkt uvedenych v Tabulce 3 byly
uvazovany i dalsi skutecnosti. Jako obecné pozadavky na
funk¢nost, smontovatelnost a ekologi¢nost. Predpoklad
umisténi frézovaci hlavy na frézovaci vézi soustruhu a
pozice hlavniho pohonu v prostoru véze.

7
/|
.
P

] |
Obr. 8 - Horni pohled na otaceni fréz. hlavy
(predpokladany vzhled)

6.2 Kinematicka schémata frézovaci hlavy

Pro navrh frézovaci hlavy je nejprve zapotiebi urcit logické uspofadani zakladnich prvkl
potiebnych pro realizaci feznych pohybii. Byly navrZeny tfi varianty, z nichZ byla jedna
vybrana pro dalsi postup prace.

6.2.1 Varianta l.

MASTER SLAVE

6 1
- O /‘Q I O /‘ O e HLAVNI POHON
U JU J o SPOJOVACIELEN
 —

d

QO
O
O
O

e alp

I

Obr. 9 - Kinematické schéma - Varianta I.

Na Obr. 9 je znazornéno kinematické schéma hlavniho pohonu i S otacenim vietene. Toto
uspofadani je typické tim, Ze osa vietene je shodna s osou hlavniho pohonu. Ptenos krouticiho
momentu od hlavniho pohonu k vietenu je realizovan pies dvé kuZelovad ozubend soukoli
(12 a56) a jedno celni ozubeni s pfimymi zuby (34). Pro pohon otaceni je vyuzit systém
master-slave, na Obr. 9 znazornén jako jeden prvek, ale ve skutec¢nosti se jedna o dva motory
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umisténé vedle sebe. Otaceni je potom uskuteénéno pres kuzelové soukoli. Velky kuzelovy
vénec je pripevnén na otocnou skiin vietene (oznacena zelen€) a do néj zabiraji dva kuzelové
pastorky, uchycené piimo na hiidelich motori master-slave. Osa nataceni (kyvani) je
vyznacena zelené ¢erchovanou Carou (osa B). Toto provedeni je prostorové nejméné vyhodné
oproti ostatnim.

6.2.2 Varianta ll.

HLAVNi POHON

VIl masTER sLave

=

=

Obr. 10 - Kinematické schéma - Varianta I1.

Varianta dv& upousti od mysSlenky zachovat osu vietene a hlavniho pohonu shodnou, ale stale
ponechava osy pohont a vietene rovnobézné. Pozice pohonu nataceni a hlavniho pohonu se
zdanlivé prohodili, oproti prvni varianté. Na tomto zobrazeni je vyznacena i1 ptidavna
ptevodovka k hlavnimu pohonu (pieskrtnuty obdenik). Kroutici moment se na vieteno pfenasi
ptes dvé kuzelova soukoli (12 a 34). Otaceni pohyblivé skiin€ je 1 v tomto piipad€ pomoci
uspofaddani motorti master-slave. Pfevodova c¢ast pohonu otaceni je zdvojend (na schématu
pouze jednou), tedy dva motory, dvé kuzelova soukoli (78), dva pastorky s ¢elnim pfimym
ozubenim (6) a dvé hiidele (V), fyzicky jsou za sebou pfi bo¢nim pohledu, ktery je naznacen
na schématech.
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6.2.3 Varianta Ill.

HLAVNi POHON

MASTER SLAVE

OSA B

Obr. 11 - Kinematické schéma - Varianta Ill.

Tteti varianta ma stejné uspoiadani hlavniho pohonu, tedy kinematiku pfenosu krouticiho
momentu od motoru na vieteno, jako druhd verze. Zména byla provedena na pifevodech
k otaceni (kyvani) pohyblivé skiiné vietene. Je vyuzito fizeni motory (master-slave) jako u
ptedchozich variant, ale osa motort jiz neni rovnobézna s osou vietene, nybrz je na ni kolma.
Tim bylo umoznéno vypustit jedno kuzelové soukoli a zmensit tak zastavbovy prostor. Pfevod
je zde ptedpokladan pouze pies jedno Celni soukoli 56, kde 5 je vénec a 6 jsou pastorky (dva)
pfipevnéné na vystupnich hiidelich pohonu master-slave. Toto uspofadani je nejméné
prostorové ndrocné, tvoii kompaktni celek a oproti ostatnim variantdm je zapotiebi o jedno
kuZelové soukoli mén¢. Proto byla Varianta I1I. vybrana jako vzor pro dalsi postup.
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6.3 Navrh hlavniho pohonu

Soustava zajistujici rotaci vietene. Pozadované parametry jsou maximalni moment 2000Nm a
maximalni otd¢ky 20000t/min na vieteni. Tyto dvé hodnoty nenastanou soucasné.

6.3.1 Motor

Byl vybran motor od spole¢nosti SIEMENS. Asynchronni motor z fady SIMOTICS main
motors M-1PH8186.

Nrated Prated Mrated n2 Nmax
(imenovité otacky) | (jmenovity vykon) | (jmenovity moment) | (mezni ota€ky) | (maximalni otacky)
10000t/min 51kW 487Nm 44000t/min 50000t/min

Tabulka 4 - Technické parametry motoru M-1PH8186 [7]

&

Constant
torque
range Voltage limiting characteristic
Prmax |—
Prated_
| Constant Ny
‘ power §|
range | ﬁ
‘ (field weakening range) S
| | | o
Nrated no Neax
1 ——

Obr. 12 - Graf zavislosti otaéky/vykon (n/P) pro asynchronni motory M-1PH8 [7]

Z grafu vyplivd, ze motor ma jmenovity moment od ,nulovych® otdcek az do
jmenovitych otacek (nraed), kde zacne klesat v zavislosti na stoupajicich otackach pii
zachovani vykonu.

M - moment [Nm]
Podle obecného vzorce: M = Z = % w — uhlova rychlost (2mn)

n - otacky [min~1]
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6.3.2 Pridavna prevodovka (nakupovana)

Z parametrti motoru (Tabulka 4) je zifejmé, ze pro splnéni poZzadovanych hodnot na vieteni je
zapotiebi pridat pfevodovku pro zvySeni vystupniho momentu a zménu otacek. Byla
uvazovana dvoustupiiova pirevodovka od spolecnosti ZF provedeni 2k450 a 2k600.

2k450 2k600 Jednotky
Pievod 1:1a1:5 1:1a1:5 -

Nominalni vykon 47 63 kw

Nominalni otacky 1000 1000 min™

Nominaing 450 600 Nm
vstupni moment

o ominzing 2250 3000 Nm
vystupni moment

Maximaini 630 840 Nm
vstupni moment

 aximatng 3150 4200 Nm
vystupni moment

Tabulka 5 — Technické parametry dvoustupiiovych pievodovek 2k450 a 2k600 [8]

Po vyjadfeni vyrobce byla zvolena dvoustupnova prevodovka 2k450 i piesto, ze nomindlni
hodnota vykonu je niz§i nez dodédvand od motoru. Pro samotnou pievodovku je dualezity
piredevSim prfendseny moment, ktery pii uvazovani potiebnych 2000Nm na vystupu neni
piekrocen. Navic nominalni hodnoty jsou optimalni pro staly provoz a navrhovana frézovaci
hlava nebude po celou dobu své Zivotnosti pracovat na nejvys§i mozny moment. MiiZze byt
tedy ,,pfetéZovana‘“ vykonovou hodnotou po potiebnou dobu bez poskozeni.

Obr. 13 - Mlustraéni obrazek dvoustupiiové pfevodovky spoleénosti ZF [8]
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6.4 ZatéZovaci spektrum

Stanoveni zatézovaciho spektra je dilezité pro redlnéjsi vypocet namahani jednotlivych ¢asti
frézovaciho zatizeni. Stroj ve vétSin¢ pfipadii nepracuje na plny vykon po celou dobu své
zivotnosti, proto je vyhodné nepocitat pouze s maximalnim zatizenim. Pti Stanovovani spektra
se vychazi bud’ z empirickych vztahd, upravenych podle operaci uréenych pro dany stroj,
nebo z konkrétnich dat ziskanych z procesu obrabéni. Hodnoty pro navrhovanou hlavu byly
zadany spole¢nosti SKODA MACHINE TOOL a.s.

ZatéZovaci Moment Otacky VyuZziti VyuZziti Pozadovana
stav [Nm] [min™] [%] [hod] Fivotnost
1. 2000 243,5 30 2400
2. 1000 300 20 1600
8000 [hod]
3. -1000 300 20 1600
4. 100 2000 30 2400

Tabulka 6 - ZatéZovaci spektrum frézovaci hlavy

Prvni stav reprezentuje nejvetsi zatizeni stroje a to pozadovanym momentem 2000Nm, které
je ptedpokladano na 30% doby provozu frézovaciho zatizeni. Druhy stav je zastoupenim
obrabéni se stfednim zatéznym momentem 1000Nm, stejné tak tfeti stav, kde je uvazovana
reverzace fezného pohybu. Posledni fadka tabulky vykazuje vyuziti maximalnich otacek a to
na dokoncovaci operace pii predpokladané dob¢ obrabéni 2400 z celkovych 8000 hodin.

6.5 Kinematika hlavniho Fezného pohybu

Pro navrh kinematiky hlavniho fezného pohybu byl vyuzit software KISSsys 2015, kde byl
vytvofen model pfenosové soustavy. Vieteno bylo uvazovano pouze jako vystupni ¢len ve
schématu pro lepsi reprezentaci namahani jednotlivych ¢asti.

6.5.1 Navrzené reSeni

GearBOX Shaft!

Shaft

HE | |
HE || B | W(eE

Shaft3

E
Obr. 14 - 3D zobrazeni kinematiky (KISSsys) Obr. 15 - Schematické zobrazeni kinematiky (KISSsys)
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Pro navrh byla uvazovana ctyfi stejna kulickova loziska s kosotthlym stykem SKF 32016X/Q,
dvé na htidelil (Shaftl) za kuzelovym ozubenym kolem a dvé na htideli2 (Shaft2) mezi
kuzelovymi ozubenymi koly. Soukoli spojujici hiidell s hiideli2 ma pravotocivé ozubeni a
soukoli spojujici htidel2 s vietenem (Shaft3) ma levotocivé ozubeni.

Ozubeni - | Klingelnberg
Pocet zubti z 35
Uhel sklonu zubti | B 30° Blizsi informace k ozubeni v Kapitole 7.2.1.
Normalovy modul | m 5mm
Sitka zubi b 46mm

Tabulka 7 - Zakladni udaje pouZitého ozubeni

6.5.2 Vysledné reSeni

Z prostorovych diivodi bylo nutno vyrazné prodlouzit hitidell (Shaftl), na prodlouzenou ¢ast
bylo ptidano jedno kulickové lozisko SKF 16015, aby bylo zabranéno v kmitani pievislé ¢asti
hiidele. Lozisko je ulozeno V pouzdie, které je vmacknuto vickem do horni ¢asti skiin€. Na
konci htidele bylo vytvofeno drazkovani, které slouzi k pfipojeni do unaSece od hlavniho
pohonu. Dalsi zména se tyka pouzitych lozisek, na hiideli2 byla pouzita dvé loziska
SKF 32018X/Q. Nutnost zmény loZisek je zpuisobena potfebou zvétsit pramér hiidele, aby
bylo mozno vytvotit délenou hiidel (Obr. 18) a umoznit pienos kroutictho momentu pomoci
tésnych per.

N 2

i\

Obr. 16 - Sestava kinematiky pfenosu krouticiho momentu na vi‘eteno

=24 -



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2015/16

Katedra konstruovani stroju Bc. Marcel Svagr
1 4 ==
S = @
PERA : -
HRIDEL 1
‘ ; el o =
2 ) '~.=-‘\\\—‘i - -' b ‘-
Al S\ (G
1] i SKF 32016X/Q SKF 16015
™
—
] E ’ SKF 32018X/Q
w [ 2 =
Al F I

?
Q 3

Obr. 17 - Rez sestavou kinematiky pienosu krouticiho momentu na vieteno

Na htidelil jsou loziska v pouzdru staZzena pomoci
matic KM16, viile a ustaveni ozubeni do zabéru muize byt
upraveno na distan¢nich krouzcich vlozenych k obéma
loziskam. Jak jiz bylo zminéno, hiidel 2 je d¢lena (Obr. 18).
Ozubeni ,,3“ je prodlouzeno do plné hiidele (modra Cast) a
ozubeni ,,2“ do duté hiidele (prithledna ¢ast), v obou jsou dvé
drazky pro pera, ktera zajistuji pienos krouticiho momentu.
Aby se od sebe hiidele neoddélili, jsou stazené k sobé pomoci
sroubu 1SO 4014 - M20x50 8.8 a talifové podlozky (zelena
cast), toto stazeni spolu s distan¢nimi krouzky slouzi také
k ustaveni lozisek a ozubeni do zabéru.

Obr. 18 - Délena H¥idel 2

6.6 Navrh vietene

Vieteno je nejdilezitéjSi casti frézovaciho zafizeni a zaroven nejzdsadnéj$i pro navrh
samotného stroje. Byly zpracovany tfi varianty ulozeni vietene a z jedné nasledné vyplynulo
vysledné fesSeni. Pro navrh byly vyuzity jiz stanovené hodnoty zatéZovacich stavii Tabulka 6 a
data z kinematiky pienosu krouticiho momentu od hlavniho pohonu. Dalsi potiebné
informace vyplyvaji ze zvoleného nastroje a feznych sil na néj pisobicich. Pro vypocty a
navrh byl pouzit software KISSsoft 2015. Prvotni inspirace pro navrh ulozeni vietene byla

ziskdna umoznénim nahlédnout do dokumentace stavajicich feseni frézovacich hlav SKODA
MACHINE TOOL a.s.
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6.6.1 Volba frézy a jejiho adaptéru

Ur¢enim nastroje pro obrabéni je definovana pozice plsobeni fezné sily. Pti navrhu bylo
vyuzito vzorce pro stanoveni priméru frézy (3) dle prednasek z predmétu KKS/KOS
(Doc. Ing. Zden€k Hudec, Csc.). Nejprve ze zadané¢ho vykonu a momentu ziskame otacky (2)
pro prvni zatézovaci stav (Tabulka 6). Posuvova rychlost byla zvolena pro potifeby vypoctu
v = 100m/min.

1) Wbeér frézy a jejiho adaptéru pro hrubovaci operace

_ M-2mmn

n =302 309199 _ 943 50t /min (2)
M 72000

v=m-D-n=> (3)

D =—2_=10,1307m => zvoleno D = 160mm (4)
2435

P — vykon [kW]

M — moment [Nm]

w — Uhlovarychlost = 2nn

n — otacky [min™1]

v — posuvovarychlost [m/min]

D — primér frézy [mm]

Obr. 19 — Tlustraéni obrazek pro frézy CoroMill A490[9]

Byla zvolena c&elni fréza pro frézovani do rohu CoroMill® A490-160J50.8-14M od
spolecnosti SANDVIK Coromat a kni pfislusny adaptér CAT-V s upinacim trnem
AA3B05-50 51 061 od stejné spole¢nosti.
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Parametr Oznaceni | Hodnota
Primér D. 160mm — dmm -
Pramér diry dmp 50,8mm < ”
Délka l1 63mm .il T
Max. hloubka fezu ap 10mm }'i /
Max. otacky RPMX 6800min™ " ;:—'“I'“‘Q: L ?p L
Pocet zubt ZEFP 12 J:,. ; ..::: @ l
Uhel biitové desticky KAPR 90° | *
Hmotnost WT 5,02kg Dc i

Tabulka 8 - Parametry frézy CoroMill A490-160J50.8-14M [9]

Parametr Oznaceni | Hodnota
Primér trnu dm; 50,8mm
Pramér cela Ds; 123,82mm
VyloZeni B} 60,96mm
Délka trnu I 23,8mm
Hmotnost WT 4,67kg
Max. otacky | RPMX | 6800min™

Tabulka 9 - Parametry adaptéru AA3B05-50 51 061 [10]

2) Vyber frézy a jejiho adaptéru pro dokoncovaci operace

Pro vypocet priméru frézy vyuzijeme stejného postupu jako u vybéru pro hrubovaci operace.
Ze Ctvrtého zatézovaciho stavu (Tabulka 6) je znama hodnota ota¢ek n = 20000t /min, ktera
je vyuzita pro urCeni pruméru frézy. Byla zvolena cCelni fréza pro frézovani do rohu
CoroMill® 490-020A20-08L.

v=m-D-n=> 3)
D =—2 =0,0159m => zvoleno D = 20mm (4)
72000

Obr. 20 - Mlustraéni obrazek pro stopkové frézy CoroMill 490[11]
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Parametr Oznaceni Hodnota e =
Pramér frézy Dc 20mm : )
Pramér stopky dmp, 20mm i|i
Celkova délka I 110mm Eii
Délka bez stopky 15 25mm i:
Max. hloubka fezu ap 5,5mm ::i "
Max. otacky RPMX | 48 500min™ :il
Pocet zubti ZEFP 2 l,/lil‘ ap X
Uhel biitové desticky KAPR 90° o- ® - 1
Hmotnost WT 0,231kg oD~ ’

Tabulka 10 - Parametry frézy CoroMill 490-020A20-08L [11]

Parametr Oznaceni | Hodnota

Pramér diry dm; 20mm

Prameér cela D, 29mm

Vnéjsi pramer D> 52 ﬁ
Vylozeni Iy 60mm ﬁ’n Dy4
Délka trnu le 23,8mm

Max. otagky RPMX | 14 000min™

Hmotnost WT 4,4kg

Tabulka 11 - Paramatry adaptéru 392.272CG-50 20 060 [12]

Ob¢ sestavy fréza + adaptér byly ovéfeny online v programu coroguide spolecnosti
SANDVIK. Dilezitym tdajem frézy a adaptéru jsou licovaci primér pro jejich spojeni, tedy
pramér diry a trnu respektive primér diry a stopky, a maximalni dovolené otacky. Tyto dva
parametry lze lehce ovéfit pouhou kontrolou technickych dat uvedenych v Tabulkach 8-11.
Oznaceni jednotlivych parametri vychdzi z obrazki u nich uvedenych nebo ze znaceni na
strankach vyrobce.

-28 -




Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok %015/ 16
Katedra konstruovani stroju Bc. Marcel Svagr

6.6.2 Rezné sily

Vypocet je proveden pro prvni zatézovaci stav, ostatni stavy se pocitaji obdobnym zplisobem
pouze s jinymi hodnotami. Obvodova sila se spocita z pusobiciho momentu na frézu, tedy
podilem momentu a poloméru frézy. Axialni a radidlni sila byly ureny podle empirickych
vztahli uvedenych v u¢ebnich textech predmétu KKS/KVS (Doc. Ing. Zden¢k Hudec, Csc).
Posuvova sila vychazi ze vztahti zavislych na druhu frézovani, empirickd hodnota pro
sousledné frézovani je 0,3*F, a pro nesousledné frézovani 0,9*F,. Sily pisobici
Vv jednotlivych stavech jsou uvedeny v Tabulce 12. Stanoveni feznych sil:

Fy = 20 = 22022 = 25 000N (5)
F.=0,8-F, = 20 000N (6)
F,=06"F, =15000N (7)
s = (03+0,9) - F, => E,,s = 0,9-F, = 22 500N (8)

F, — obvodova sila [N]

M — moment [Nm]

D — prameér frézy [m]

F. — radialni sila [N]

\4

Ve
F, — axialni sila [N]

E,os — posuvova sila [N]

Obr. 21 - Zobrazeni pisobeni Feznych sil [13]

Obvodova sila Radialni sila Axialni sila Posouvajici sila

Zatézovaci stav

Fo [N] Fr[N] Fa [N] Fpos[N]
25000 20 000 15 000

12 500 10 000 7500 11250
-12 500 10 000 7500 11250
10 000 8 000 6000 9000

Tabulka 12 - Rezné sily v jednotlivych zatéZovacich stavech
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6.6.3 Varianta |

~=g

Obr. 22 - Ulezeni vi‘etene - Varianta I. (KI1SSsoft)

UloZeni vietene na dvou kuzelikovych loziskach, konkrétné na SKF 32022 X/Q (d=110mm,
D=170mm, B=38mm) a SKF 33020/Q (d=100mm, D=150mm, B=39mm). Toto uspoiadani
bylo provéieno vypoctem v KISSsoftu. Loziska vyhovuji svou Zivotnosti 1 tepelnou stabilitou.
Ptedni lozisko oznacené jako 1 je vice namahané nez lozisko 2, ptenasi vetsi ¢ast feznych sil
do sk¥ing vietena, i pfesto je jeho Zivotnost vétsi nez 10 000hod. Druhé lozisko bezpecné splni
pozadavek 8 000hod. a to n€kolika nasobn¢, nicméné z prostorovych divodi neni mozné
vyuzit mensi rozmér loziska (vypocet Vv Piiloze ¢. 2). Bohuzel kuzelikova loziska nemaji
specifikaci jako vietenova a jejich presnost by pravdépodobné nebyla dostacujici. Tento fakt
je podlozen nutnosti dokonalych podminek pfi montazi pro dodrzeni vysoké presnosti lozisek,
coZ je ve veétsing pripadii velice obtizné. Pii nespravné montézi dochazi k ohtivani lozisek
vlivem vétsiho tfeni nebo naopak ke kmitani pti vétsich viilich, oba piipady maji za nasledek
mensi Zivotnost lozisek a ve vysledku nizsi pfesnost obrabéni. Proto tato varianta nebyla
zvolena jako vychozi pro dal$i postup préce.

6.6.4 Varianta ll
1 2 3 W
A
Z - [ ] _i[
OI0)] () 9

Obr. 23 - UloZeni vi‘etene - Varianta I1. (KISSsoft)
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Druhé varianta vyuziva dvojici kulickovych lozisek s kosothlym stykem a k nim tfeti stejné
lozisko v obraceném sméru. Toto uspofadani slouzi k lepsSimu zachyceni feznych sil. Tojice
lozisek pfenasi veskerou axialni silu, proto na druhém konci vietene postaci valeckové lozisko
prenasejici pouze radidlni silu. Konkrétné se jednd o tfi kulickova loziska s kosouhlym
stykem FAG B7022-E-T-P4S (d=110mm, D=170mm, B=28mm) a jedno valeckové lozisko
SKF NU 1020 ML (d=100mm, D=150mm, B=24mm). Podle vypoctu z KISSsoftu je nejvice
namahano prvni lozisko a nesplni poZzadovanych 8 000hod. nybrz necelych 7 000 hod. Tento
vysledek by se mohl brat jako uspokojivy, protoze prostor pro uloZeni jiz neumoznuje vyuziti
rozmérngjSich lozisek. Nicméné vyrobce lozisek FAG udava vzorec pro vypocet dvojice
kulickovych lozisek s kosouhlym stykem jako vtomto piipadé, podle kterého lozisko
pottebné Zivotnosti dosahne (vice v kapitole 7.1.2). Tato loziska jsou pfimo vyrobcem
uvadéna jako vietenova a maji tedy vysokou pifesnost. Montdz téchto loZisek je podstatné
jednodusi nez valeckovych, usadi se do pouzdra a nasledné se navleCou na vieteno.
Valeckové lozisko svou zivotnosti piesahne 10 000hod., coz je vice nez dostacujici.

6.6.5 Varianta Il
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Obr. 24 - UloZeni vi‘etene - Varianta I11. (KISSsys)

Posledni varianta ulozeni vietene je vylepSenim té predchdzejici. Hlavni myslenka tohoto
uspofadani je skryta vrozdilnych vrcholovych thlech ve dvojici lozisek. Z ptechozich
vysledki vypliva, Ze lozisko nejblize ptsobisti feznych sil je nejvice namahdno a prenasi veétsi
podil zatizeni. A proto se nabizi feSeni zobrazené na Obr. 24, pouzit ostiejs$i vrcholovy thel
druhého loziska a tim docilit pfenosu vétsi Casti axialni sily pravé na ono lozisko. Vybrana
byla loziska od firmy NSK, ktera podle vypoctu z KISSsoftu vyhovovala nejlépe. NSK 7022C
(d=110mm, D=170mm, B=28mm) jako loziska jedna a tfi, a NSK 7022A (d=110mm,
D=170mm, B=28mm) jako lozisko dv&. Zivotnost prvniho loZiska vzroste piiblizné na
20 000 hodin a u druhého loziska poklesne cca na 8 500 hodin. Z ¢ehoz lze usuzovat, ze vliv
zmény vrcholového uhlu je prokazatelny. Bohuzel toto uspotadani se v praxi nevyuziva, a
zfejmé 1 proto vyrobce neuvadi vypocet pro kombinaci stejné rozmérové fady loZisek
s rozdilnymi vrcholovymi uhly. Neexistuje dostatek dat a prokazatelnych vysledki, aby bylo
moZzno tuto variantu vyuzit. Byla tedy zvolena Varianta II. jako vychozi pro dalsi zpracovani,
nicméné prostoroveé jsou mozné ob¢, zména spociva pouze ve vymeéné jednoho loziska, které
Vv celkovém uspotadani nic neméni. Je tedy na vyrobci, které uspofaddani vyuzije. Potfebna
data z vypoctt jsou k nahlédnuti v Ptiloze €. 2.
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6.6.6 Vysledné reSeni uloZeni

Po umisténi ozubeni na vieteno bylo zapotiebi prodlouzit styénou plochu pro pero. Pastorek
byl prodlouzen tak, ze valeckové lozisko na konci vietene muselo byt umisténo az na
prodlouzenou ¢ast ozubeni Obr. 25. To zapfiCinilo zvétSeni tohoto loziska.

FAG B7022-E-T-P4S

i
' FAG N1926-K-M1-SP

Obr. 25 - Rez vitetene i s uloZénim

Pouzdro s kulickovymi lozisky S kosouhlym stykem je na vieteni stazeno pomoci matice
KM22 a z druhé strany vickem ptipevnénym do skiiné vietene (neni na obrazku). ValeCkové
lozisko FAG N1926-K-M1-SP (d=130mm , D=180mm, B=24mm) je na kuzelovou stfedici

plochu prodlouzeného pastorku natlaceno ptirubou rota¢niho ptivodu Deublin.

6.6.7 Upnuti/vyraZeni nastroje
Jako upina¢ byla vybrana kleStina SK50 od firmy OTT-JAKOB Spanntechnik s oznacenim

95.101.337.9.2 koédové oznaceni Al (Obr. 26). Podle kterého je vytvarovana vnitini dutina
vietene. Podle katalogu je potiebna upinaci sila 25 O00N.

DIN 69872
ISO/DIS7388/2 Typ A tool standard code
{
_ B+/-0.25 f.* DIN 69871/69872 A
I."-—l\'\ |Il
(_C+/0.25) f IS0 7388/1/2 Typ A 1

C

+/0,25 +/0.95

SHK 50

69,85 135,60 126,60

DIN 69871
IS0/DIS7388/1
Obr. 26 — Typ uchyceni konce adapteru frézy a charakteristické rozméry [14]
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Tato sila je vyvozena pomoci talifovych pruzin MUBEA 63x31x3,5. Jsou slozeny jako Ctyii
paralelni pruziny po osmi sadach. Pruziny se stla¢i pii montazi tak, aby vyvozovali zminénou
statickou silu 25 000N, které je dosazeno pii stlaceni celého bloku pruzin cca o 3,3mm. Pro
vytazeni nastroje z vietene je zapotiebi posunout klestinu SK 50 s oznaenim Al, podle
uptesiiujiciho katalogu klestin OTT poskytnutého k nahlédnuti u zadéavajici firmy, o 3,6mm.
Pruziny Ize podle vypoctu v celku zmacknou cca o 8,5mm aniz by doslo k jejich poskozeni,
z ¢ehoz vypliva, ze pruziny v tomto uspotradani vyhovuji pozadavku. Vice v kapitole 7.4.
Pruziny uchyceni nastroje. 3,3 + 3,6 = 6,9 < 8,5 => vyhovuje. Stlaeni pruzin je
realizovano pomoci hydrauliky.

6.6.8 Privod Fezné a tlakové kapaliny

N-1¥) 8y 2

Obr. 27 — Zobrazeni cest Fezné (€ervena) a tlakové kapaliny

Bylo vyuzito stavajiciho rota¢niho ptivodu Deublin, ktery
zadadvajici spolecnost jiz odebird, s malymi zménami.
Jednd se pouze o zménu polohy dér na pfipeviiovaci
ptirubé kvili rozmisténi per na konci vietene (Obr. 28).
Bylo nutno vytvofit pfivodni cesty jak pro feznou
kapalinu, tak pro tlakovou kapalinu. Z toho plyne navrzeni
vika vietene (Obr. 29 a 30) umoziujiciho uchyceni
nerotujici ¢asti rotacniho pfivodu. Dale toto viko plni
funkci mezi¢lenu urcujiciho cestu fezné a tlakové kapaliny
(do jaké ¢asti rotacniho piivodu budou pfivedeny). Vedeni
fezné kapaliny je ptedpokladano stiedem nastroje, proto je
kapalina pfivedena do koncové c¢asti rota¢niho ptivodu,
odkud stfedem pokrgéuje dale skrz vyrazeci trn S pistem .= 50 Rozmisténi Zivitovych dér pro
az do fezného nastroje (Obr. 31). pFipevnéni rotujici &4sti rotaéniho p¥ivodu
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Obr. 31 - Cesta Fezné (€ervena) a tlakové (zelena) kapaliny
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6.7 Navrh nataceni skriné vietene

Slouzi ke kyvnému pohybu o + 100° viz Obr. 8. Uspotadani systému zajistujiciho otaceni
bylo ptedvybrano jiz pti navrhu kinematickych schémat. Jedna se tedy o dvojici servomotort
fizenych jako master-slave.

Princip MASTER-SLAVE:

Mmax

Mmot

—Mmot

—Mmax

Obr. 32 — Graf pribéhu celkového momentu soustavy motori - Fizeni master-slave

Na grafu vyse jsou znazornény zat&zovaci stavy A-D. Cervené &ary reprezentuji
momentovy prib&h jednotlivych servomotort. Celkovy vnéj$i moment je vyznacen ¢ernou
Carou. Pfi maximalnim zatizeni vnéj§im momentem (Mmax=2Mmot) zabiraji oba motory
soucasné stejnym smérem proti zatizeni. V intervalu C nastava pokles vnéjsiho momentu,
pfiCemZ moment jednoho z motorti klesd a u druhého je stidle na maximalni hodnoté.
Soucasny pokles momentu obou motoru (interval B) je az do chvile, kdy jeden z motort
dosdhne nulové hodnoty momentu, poté zméni svou orientaci a plisobi stejnym smérem jako
zatézovaci sila (interval A). Pfi nulovém zatiZzeni zabiraji oba motory proti sob&é. Timto
zpusobem regulace plisobeni momentli motori je docileno vymezeni vili v pfevodovych
prvcich po celou dobu provozu.
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6.7.1 Navrh motoru a pridavnych prevodovek (nakupované)

Pro navrh motord otaceni je potfebné vypocist nebo zvolit moment pfekondvany natacenim
pii obrabéni. Nejprve byl zvolen podle vzorce vyplivajiciho z Obr. 33. Nasobek posuvové sily
a vzdalenosti jejiho plsobisté od stiedu natdceni sectend s momentem od prenosu krouticiho
momentu hlavniho fezného pohybu na vieteno.

ap

< P
D')[

(Fpos)

D

—r

Osa kyvan

AT,
O

Fpos

Obr. 33 - Piisobeni sil tvoFicich moment nataceni (kyvani) [13]

Fyos — posuvova sila [N]

F;, — sila od ptenosu momentu hlavniho fezného pohybu[N]
a, — vzdalenost od plsobisté feznych sil do osy nataceni [m]
Dy, — roztecny primér kuzelového ozubeného kola [m]

l1q — vylozeni adaptéru (Tabulka 9)[m]

lif — délka frézy (Tabulka 8) [m]

¢ — vzdalenost od konce vietene do osy nataeni [m]

M — moment 1. zatézného stavu[Nm]

M,; — moment nataceni (kyvani)[Nm]

2M Dy

My = F;Jos(lla + llf + C) + D_21 > 9)

Mo = Fyos " a4 + M = 22500 0,39 + 2000 = 10 775Nm (10)

BohuZel moment vychazejici ze vzorce (10) je pfilis velky a vede k rozméroveé velkym
motorim a jeSt¢ veétSim pifidavnym pievodovkdm. Po uvaZeni moZnosti a doporuceni
konzultanta z SMT a.s. byl zvolen moment natadeni (kyvani) M,, = 6 000Nm. Dal§im
pozadavkem je rychlost nataceni cca 50t/min. Z téchto dvou parametrii 1ze spocist potiebny
vykon motoril podle obecného vzorce (11). Pro zjiSténi potfebného vykonu jednoho motoru
staci vysledek vydélit poctem motort tedy dvéma.
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P — celkovy vykon [W; kW]
P, — vykon jednoho motoru [min~1]
n — otatky [min~1]
U — ucinnost prenosové soustavy [—]
i —pocet motort [—]

_ 2mMygs | 2m6000-—

Bc. Marcel Svagr

P= = 50 = 3490,66W =~ 3,5kW => (1)

nu 0,9

Pn=1= = = 1,75kW

(12)

Na zakladé vypoctenych hodnot byl zvolen servomotor od spolecnosti SIEMENS z fady
SIMOTICS servomotors s oznacenim 1FT7066-5AF7 s vykonem 2,92kW, jmenovitym
momentem 12Nm a jmenovitymi otackami 30000t/min. Z toho plyne pozadavek na celkovy
pfevod minimalné =250, aby bylo dosazeno 3000Nm na vétvi od jednoho motoru. Volba
piidavné prevodovky s pozadavkem co nejvetSi vystupni prevod s rozumnymi vnéjSimi
rozméry. Byla zvolena pfevodovka od firmy WITTENSTEIN alpha s oznacenim
SP* 210S-MF2-100-1M0. Kompatibilita pfevodovky s motorem byla ovéiena prostfednictvim
online katalogu CAD dat na strankdich WITTENSTEIN, ktery pfimo dovoloval vybrat

d0a

Obr. 34 - Dvojice motori 1FT7066 spojenych s
prevodovkami SP* 210 - zaji§téni nataceciho pohybu

zvoleny motor od spole¢nosti SIEMENS pro
vybranou  pievodovku  SP*210.  Spojeni
pirevodovky s motorem je vidét na Obr. 34.
Jedna se o verzi s nejvyssim prevodem i=100,
nomindlni hodnota vystupniho momentu cini
800Nm a maximalni hodnota vystupniho
momentu 5 000Nm, které mize byt bchem
zivotnosti pfevodovky dosazeno az tisickrat, pii
zachovani doby béhu. I pfesto, Ze nominalni
vystupni moment je niz$i nez pozadovany
(12x100=1200Nm), byla tato prevodovka
zvolena jako vyhovujici. Zaprvé z davodu
vysokého maximalniho momentu, zadruhé vyssi
verze této pievodovky je rozmérnéjsi a jeji
nomindlni moment je zbyte¢né vysoky
(1700Nm) a v neposledni fad¢ je i levnéjsi nez
vyssi verze. Radidlni sila plsobici na vystupni
hiidel pfevodovky je cca 7 S00N a dovolena
radidlni sila 21 000N. Klopny moment: soucet
normalové a radidlni sily na ozubeni
vynasobeny max. délkou hiidele
(7219+21107)*0,07=1982,8Nm. Dovolena
hodnota podle katalogu je 3100Nm => vyhovuje
jak radialni sile, tak klopnému momentu.
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6.7.2 Kinematika otaceni

Zbyvajici prevod od vystupu z prevodovky SP'210 k natideni vietene je i=2,5. Jiz
v kinematickych schématech celku (Kapitola 6.2.3) byl navrzen tento meziclanek, jako
soukoli dvou ¢Eelnich ozubenych kol s pfimym ozubenim. Zde byla provedena mensi zména.
Kwvili potfebé veétsi osové vzdalenosti mezi véncem natdCeni a pastorky na vystupnich
htidelich bylo vlozeno mezikolo. Tim narostla osova vzdalenost na potiebnou, tak aby bylo
mozné natacet vietenem a nevadilo pii tom umisténi servomotorti. Vlozené kolo je uloZeno na
[ | dvou kosouhlych loziskach, které jsou vevnitf
ok ozubeného kola na htideli ukotveném na jedné
strané¢ do vika a na druhé do pevné skiing.
Rozlozeni ozubenych kol je vidét na Obr. 35,
pti¢emz prvni kolo z leva (vénec) ma 55 zubu,
o vlozené kolo 33 zubl a pastorek 22 zubt.
Dohromady tvoii chtény ptevod i=2,5.

Obr. 35 - Pohled na pievody nataceni — pohled zespodu bez vika

Vénec je ptipevnén ke skiini vietene pomoci Sroubt. Skiin, ktera vykonava pohyb nataceni, je
uloZzena také na dvou loZiskach s kosothlym stykem. Spodni loZisko je vidét na Obr. 35 Iépe
pak na Obr. 36, kde je zobrazeno celé ulozeni v fezu, loziska nataceni jsou oznacena
cervenym rameckem. Z prostorovych divodi bylo nutno pouzit horni kosouhlé lozisko
vétSich rozmérl neZz spodni, i kdyZ je spodni loZisko vice namdhané nez horni. Ovéfeni
zivotnosti lozisek viz kapitola 7.1.3. Vypocet ozubenych soukoli a podrobnéjsi informace o
ozubeni viz kapitola 7.2.2.
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Obr. 36 - Rez frézovaci hlavou s vyznacenymi loZisky, které umoziuji nataceni vietene

6.7.3 Odmérovani polohy natoceni

V uvahu ptipadaji dvé moznosti feSeni, zaprvé zjisStovat polohu natoCeni nepiimo pomoci
zpracovani dat ze servomotort nebo piimo piidanim vlastniho odméfovaciho prvku. Vyuziti
dat ze servomotort piinasi problém pfi prepoctu pies ozubena soukoli, respektive s villemi,
které nelze presné urcit. Tento problém je feSitelny, ale obnaSel by navrzeni piepoctového
programu piimo pro tento piipad. Proto bylo zvoleno feSeni pfimého odméfovani az na
natadCeci Casti skiin¢ vietene. Byl pouzit wthlovy encoder od spolecnosti Heidenhain
s oznacenim ECA 4412. Verze s uzkym kotoucem, vnittni praimér 185mm, vnéjsi 209mm a
piesnosti odméfovani £1,9”". Umistén byl na prodlouzenou Céast nataceni vystupujici skrz
horni ¢ast pevné skiin¢ (Obr. 38). Na prodlouzeni bylo vytvofeno osazeni, o které se opira
piidavna ptiruba, do které je ptiSroubovana pohybliva ¢ast odméfovani, pfenos nataceni je
zajistén pies tésné pero. Jezdec odmerovani je uchycen na pevnou skiin.

Obr. 37 - Ilustraéni obrazek odméfovani Fady ECA 4000 [15] Obr. 38 - Umisténi odmérovani na fr. hlavé
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Obr. 39 - Rez frézovaci hlavou v misté odm&¥ovani

7 Kontrola mechanicky namahanych sou¢asti

Po vytvotfeni navrhi nésleduje ovéfeni namdhani a poZadované Zivotnosti jednotlivych
mechanickych soucasti jako jsou loziska, ozubena kola, pera, pruziny a Srouby.

7.1 Loziska

Kontrola lozisek byla primarné provedena v programu KISSsoft, v nékterych piipadech byl
pouzit i obecny vypocet zivotnosti lozisek a také vypocet zivotnosti podle vzorce stanoveného
vyrobcem.

7.1.1 Loziska kinematiky hlavniho Fezného pohybu

Byla pouzita ¢tyii kuzelikova loziska od firmy SKF dveé | GeaBOX | g4
32016X/Q na hridelil a dvé 32018X/Q na htideli2.
Podle vypocti z programu KISSsys vyhovi vSechna
loziska pozadavku 8000 hodin (Ptiloha €. 1). Pro vice
namahané lozisko z dvojice (2 a 3 — dle Obr.40) byla Shaf
provedena i teplotni analyza pfi vysokém momentu a
nasledné pii vysokych otdckach (Ptiloha ¢. 3). Staticka
bezpecnost je pozadovana alespoii Sp = 2.

2 1
ol
B &

3
e
=

4
¥
=
£
4

Lozisko | Zivotnost [hod] | Staticka bezpe¢nost [-] Shaft3 -
1 636037 19,02 ! .
i
2 16640 7,2
3 48363 793 Obr. 40 - Kinematika - oznaceni loZisek
4 53035 8,15

Tabulka 13 - Zivotnost loZisek kinematiky hl. pohonu
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7.1.2 Vretenova loziska

Zde jsou uvedeny vysledky vztahujici se k druhé varianté ulozeni vietene. Vypoctové
vysledky z programu KISSsoft i pro ostatni varianty k nahlédnuti v Pfiloze ¢. 2. Oznaceni
lozisek v tabulce souhlasi s Obr. 23 uvedenym v navrhu Varianty II. Vypocet teplotni stability
byl proveden pro nejvice naméhané lozisko (prvni), pfi prvnim zatézném stavu jsou dovolené
otacky 699ot/min ptiCemz otacky stanovené pro tento zatézny stav jsou 243,50t/min.

Lozisko Oznaceni Zivotnost [hod] | Staticka bezpecnost [-]
1 FAG B7022-E-T-P4S 6792 3,61
2 FAG B7022-E-T-P4S 38369 6,76
3 FAG B7022-E-T-P4S 496000 14,93

Tabulka 14 - Zivotnosti vi‘etenovych loZisek dle vypo¢tu KISSsoft

Prvni lozisko podle vysledkt ze softwaru KISSsoft nespliiuje pozadovanych 8 000 hodin. Byl
tedy proveden ovétovaci vysledek podle vyrobce, ktery uvadi specialni vzorec pro vypocet
dynamické unosnosti pro dvojici lozisek (13). Spole¢né¢ se vzorcem (14) a znalosti sil
pusobicich na loziska, ziskanych z vystupu programu KISSsoft, je urena Zivotnost fiktivniho
loziska, které nahrazuje dvojici lozisek FAG B7022-E-T-P4S.

C=i%"Cp (13)
106 /cC\3

Ln=gon (F) (14)

F,=X-F.+Y-F, (15)

C — dynamicka tnosnot fiktivniho loZiska [kN]

i —pocet loZisek v sadé [—]

Cp — dynymicka tnosnost loziska [kN] (katalog FAG)
Ly — Zivostnost loziska [hod]

n — otacky loziska [min™1]

F, — ekvivalentni zatiZzeni loZiska [kN]

X — koeficient pusobeni radialni sily [—] (katalog FAG)
Y — koeficient pisobeni axialni sily [—] (katalog FAG)
E. — radialni sila [kN] (vystup z KISSsoftu)

F, — axialni sila [kN] (vystup z KISSsoftu)

Radiélni a axidlni sila jsou souctem téchto sil z obou loZisek ve dvojici. Nasledna indexace sil,
prvni ¢islo oznaceni loZiska, druhé Cislo zatézovaci stav. U Zivotnosti ¢isla znamenaji zatéZny
stav korespondujici s Tabulkou 6.
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C =2%"-104 = 168,95kN (16)
Foy =X (Fry1 + Frp1) + Y+ (Faqq + Faz1) (7)
F,, =0,6-(28,824 + 15,392) + 0,5 (19,925 + 15,932) = 42,099kN (18)

106 ()3 106 168,95\3
Lpy ==~ (F—) = ——(32) = 44239hod ~ 4 400hod (19)

v v v

vyzadovana zivotnost 2 400hod => vyuzije se priblizné 55% z celkové zivotnosti loziska.

Fo =X - (Friz + Frp2) + Y+ (Faqz + Faz2) (20)

F,, =0,6-(14,725 + 8,202) + 0,5- (9,672 + 5,646) = 21,415kN (21)
106 ()3 106 16895\

Lpy == (F—) = (21‘415) = 27 280,2hod ~ 27 000hod 22)

Pro druhy zatézny stav je vyzadovanad Zivotnost 1 600hod => vyuzije se piiblizné¢ 6% z
celkové Zivotnosti loziska.

Fe3 = X - (Frq3 + Frp3) +Y - (Faq3 + Fa23) (23)

F,; = 0,6- (13,880 + 7,812) + 0,5 - (9,428 + 5,737) = 20,598kN (24)
106 ()3 105 (16895\3

Lns = 60 (a) = 60300 (20,598) = 30656,8h0d ~ 30 500hod (23)

Tteti zatézny stav odpovida druhému pouze s reverzaci hlavniho fezného pohybu. Také je
pozadovana zivotnost 1 600hod => vyuZzije se ptiblizn€ 5,5% z celkové Zivotnosti loZiska.

Foo =X+ (Fraz + Fras) + Y - (Fars + Fuz3) (26)

F,,=06-(9,991 +5827) + 0,5 - (5,394 + 3,130) = 13,753kN 27)
10 (c\3 106 168,95\3

Lne = 60m (a) = 602000 (13,753) = 15 449hod ~ 15 000hod (28)

Pro ¢&tvrty zatézny stav je vyzadovana Zzivotnost 2 400hod => vyuzije se priblizné¢ 16%
z celkové zivotnosti loziska. VSechny vysledky byly upravovany taky, aby vysledné hodnoty
ptihorSovali vysledkiim. Ze souctu procent vyuziti 55% + 6% + 5,5% + 16% = 82,5%
vyplyva, Ze lozisko, pfi dodrzeni zatéznych stavii, bude mit pfi 8 000 hodinach provozu
vycerpano pies 80% své celkové zivotnosti nikoliv celou. Z ¢ehoz lze usuzovat, Ze dvojice
lozisek vydrzi stanovené poZzadavky. Nicméné program KISSsoft poukazal na skutecnost, ze
prvni loZisko je nejvice naméahané a pravdépodobné bude prvni z vietenovych loZisek, které
se porouchd, je tedy na misté zvySena opatrnost pii montazi tohoto loZiska a sledovani jeho
stavu béhem Zivotnosti stroje. V Piiloze ¢. 3 je k nahlédnuti vypocet tepelné stability prvniho
loziska pro druhou variantu uloZeni vietene.
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Valeckové lozisko (N1926-K-M1-SP) na konci vietene, které bylo zménéno ve finalnim
feSeni vietene, neni v databazi programu KISSsoft, a proto bylo podrobeno ru¢nimu vypoctu.

Cp = 110kN

F,=F. =.\F2+ F? =/(-2,075)%2 + 21,3612 = 21,462kN (29)
106 /c\3 106 110 \3
Ly = - (F—) = (21’462) = 9215,5hod ~ 9000hod (30)

Z vypoctu vychazi, ze toto valeCkové lozisko vydrzi vice nez pozadovanych 8 000 hodin i pii
nejhorSim zatézném stavu. Tudiz pfi zatizenim spektrem vydrzim mnohem déle.

7.1.3 Loziska nataceni

Jedna se o dv¢ loziska s kosouhlym stykem Obr. 36. Vypocet téchto lozisek byl proveden také
v KISSsoftu, kde byl vytvotfen zjednoduseny vypoctovy model (Obr.41). Do vypoctu vstupuje
samotnd hmotnost nesené Casti a fezné sily, v tomto ptipadé jsou vSechny orientovany tak,
aby zat¢zovali co nejvice spodni lozisko.

Z HORN{
LOZISKO

SPODNI
LOZISKO

Obr. 41 - Vypoétovy model pro uréeni Zivotnosti loZisek nataceni (KISSsoft) Il:ll
Lozisko Oznaceni Zivotnost [hod] | Staticka bezpe¢nost [-]
SPODNI (1) | KOYO 7026 FY >100 000 3,77
HORNI (2) | KOYO 7034 FY >100 000 10,43

Tabulka 15 - Zivotnost loZisek natageni dle vypo&tu KISSsoft

Vysoké zivotnost je ddna malymi otackami (5ot/min) a rozmérovymi fadami lozisek, které
museli byt pouZity z prostorovych divodt. Vystup z programu KISSsoft v Piiloze ¢. 4.
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7.2 Ozubeni

Kuzelova kola byla kontrolovdna v sestavé v programu KISSsys a celni ozubena kola byla
kontrolovana ptimo v programu KISSsoft.

Required safeties for metal (IS0,/DIN)
Mn <= 0.5 mm mqs = 1.0 mm Mn == 2.0 mm

Root safety B 0.600 1,200 1400
Flank safety SHmim 0,800 0,200 1,000

Obr. 42 - Pozadované hodnoty bezpe¢nosti ozubenych kol v prostiedi vypoctovych programii KISSsys a KISSsoft

Z obrazku plyne, Ze pro tento piipad, kdy normalovy modul ozubeni je Smm
respektive 5,5mm, se vysledky podfizuji tietimu sloupci. Potom tedy bezpe¢nost v ohybu
Vv ,paté zubu“ (Root safety) SFmin = 1,4 a bezpefnost na boku zubu ,,v dotyku* (Flank
safety) SHmin = 1.

7.2.1 Kuzelova soukoli

Oznaceni | Soukoli Soukoli
Kolo - 1 2 3 4
Pocet zubi z 35 35 | 35 | 35
Modul normalny m Smm Smm
Uhel sklonu zubi B 30° 30°
SiFka ozubeni b 46mm 46mm
Ozubeni - Klingelnberg
Smysl otaceni ozubeni - pravotocivy | levotocivy
Pievod [ 1 1
Vzdalenost os a 90° 90°
Material - 16 MnCr5 | 16 MnCr 5
Bezpecnost v ohybu SF 1,591 1,624
Bezpecnost v dotyku SH 1,618 1,634

Tabulka 16 - Parametry ozubenych soukoli

Veskeré potiebné informace, jako jsou rozméry roztecnych, patnich, hlavovych a dalSich
kruznic nebo bezpec€nosti proti odirani, tloustky zubt a dalsi, k nalezeni v Ptiloze ¢. 1.
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7.2.2 Celni soukoli

Celni soukoli s pfimymi zuby byla feSena jako fetéz Ctyi kol, aby byla do vypoctu vnesena
existence dvou zabérti na ozubeném vénci. Pohanéné je nejmensi ozubené kolo (Gearl).

System data

Mormal module M= 5.5000 mm Gear 1 ’spur aear ']

Pressure angle at normal section a- 20,0000 = Helix angle at reference cirde B 0.0000 =

Center distance

Gear 1-Gear 2 a1z 1512500 mm [+] Gear 2-Gear 3 a:3 242.0000 mm (€]  Gear 3-Gear 4 s 242.0000 mm [¢]

Gear data

Gear 1 Gear 2 Gear 3 Gear 4

MNumber of teeth z 22 33 55 33
Facewidth b 50.0000 50.0000 50.0000 50.0000 mm E
Profile shift coeffident x” 0.1540 B
Quality (DIN 3961)  ©Q 5 5 5 &

Material and lubrication

Gear 1 [laCrNiMo?—G, Case-carburized steel, case-hardened, ISO 6336-5 Figure 910 (MQ), core strength =>=25HRC Jominy J=12mm<HRC28 ¥ ] E]

Gear 2 [laCrNiMo?—G, Case-carburized steel, case-hardened, ISO 6336-5 Figure 910 (MQ), core strength =>=25HRC Jominy J=12mm<HRC28 ¥ ] E]

Gear 3 [laCrNiMo?—G, Case-carburized steel, case-hardened, ISO 6336-5 Figure 910 (MQ), core strength =>=25HRC Jominy J=12mm<HRC28 ¥ ] E]

Gear 4 [laCrNiMo?—G, Case-carburized steel, case-hardened, ISO 6336-5 Figure 910 (MQ), core strength =>=25HRC Jominy J=12mm<HRC28 ¥ ] E]

Lubrication [Grease: Isoflex Topas MCAS1 '] E] E] [Grease lubrication '] E]

Obr. 43 - Zadani hodnot vstupujicich do vypoétu KISSsoft

Obr. 43 popisuje téméi vSechny parametry ozubeni, pro orientaci v ozubenych soukolich je
dobré nahlédnout na Obr. 35.

Oznaceni Soukoli Soukoli
Kolo - 1 2 2 3
Nazev - Vénec | Vlozené kolo | Pastorek
Pievod [ 1,5 1,6666
Rozteény primér 121mm | 181,5mm | 302,5mm
Bezpecnost v ohybu SF 3,56 2,45 3,08
Bezpecnost v dotyku SH 1,63 1,73 2,34

Tabulka 17 - Dopliiujici idaje ozubenych soukoli k Obr. 43

Rozmérova specifikace ozubenych kol a vystup vypoctu k nahlédnuti v Ptiloze €. 5.

=45 -



Diplomova prace, akad. rok %015/ 16
Bc. Marcel Svagr

Zapadoceska univerzita v Plzni. Fakulta strojni.
Katedra konstruovani stroju

7.3 Pera

Pera byla pocitdna dle vzorce ziskaného =z pfedndsek predmétu KKS/CMSI1
(Prof. Ing. Stanislav Hosnedl, CSc.). Vypocéty byly provedeny s vyuzitim softwaru MathCAD.
Do vypoctu vstupuje o 10% navySeny maximalni moment, pro zvyseni bezpecnosti.

Vypocet deélky per délené hridele2:

M) = 220(N-m ...kroutici moment
h :=12mn ...vy8ka pera

dp, := 70mm ...prameér hfidele
a :=0.7mn ...srazeni pera

hgt :=h —2a=106mm

...stykova vySka pera

np = 2 ...pocet per
Cef =0 ...soucinitel efektivniho po¢tu nesoucich per
pq = 120MPa ...dovoleny tlak na stykové plose

| 4-My

P by Cef ‘Np-Nst-dpy

=82.36mn

...pozadovana délka pera

Pouzita jsou dvé pera délky 140mm, tésna pera 20h9x12x140.

Vypocet délky per na vieteni.

M) = 220(N-m ...kroutici moment
h :=16mn ...vyska pera

dp, := 100mm ...pramér hiidele
a:=1.2mn ...srazeni pera

hst :=h -2.a=136mm

...stykova vySka pera

np = 3 ...pocet per
Cof =0 ...soucinitel efektivniho poctu nesoucich per
pq = 120MPa ...dovoleny tlak na stykové plose

| 4My

P Pd Cef NpNst-dh

= 35.948mn

...poZzadovana délka pera

Pouzita jsou tfi upravena pera s délkou 46mm, té€sné pera 28h9x16x46.
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7.4 Pruziny uchyceni nastroje

Jedna se o soustavu Ctyf paralelné ulozenych talifovych pruzin v osmi sadach. Konkrétné
talifové pruziny MUBEA 63x31x3,5. Pfi volném slozeni je délka pruzin 123,2mm. Pro drZeni
nastroje je zapotiebi sila 25 000N, dle vypoctu z programu MITCalc je k vyvozeni zapotiebi
stla¢it pruziny o 3,3mm a podle excelového programu od spole¢nosti MUBEA 3,265mm.
Stlaceni potfebné pro vytazeni nastroje z klestiny je zavislé na druhu provedeni pouzitého
upinace, bézné¢ pozadované stlaceni upinactt OTT je od 3,55mm do 4,26mm. Dle vypoctu
Obr. 44 je mozno pruziny stlacit o 8,82mm, aniz by doslo k jejich poskozeni, dle excelu
MUBEA dokonce 0 9,392mm. Témito hodnotami se tidil i navrh prostort pro pruziny, cely
blok pruzin po montazi bude zméacknut na rozmér 120mm a bude umoznovat posuv vyrazeci
tyCe s pistem o dalSich 5Smm. Ve vysledku bude maximalni stlaceni 8,5mm (Obr. 45), coz je
pod hranici mozného stlaceni pruzin. Vypocet v excelovém programu MUBEA v Ptiloze 6.

]
6.0 Talifové pruZiny

30000 lZatl’Eeni vs, Deformace Osa: Y=[N], X=[mm] Iﬂ
F 30000 1
3 l 70000 -
B 60000
Ex 50000 4 Mezni zatiZeni
Bz — 40000 e Provcozil zatiZeni
L ::_f: 30000 - ——— Piné stladeni
20000 4
e 10000
E—] 0 T T 1
0 5 10 15
6.1 Navrh pruZiny Predb&sny navrh  6.13 VypoZet Odchylka
6.2 Minimalni pracovni zatiZenf F1 | 25000,00 |[N] 13254 = 13246,103 | < -47,02%
6.3 Maximalni pracovni zatiZeni F8 | 55000,00 | [N] 65313 < 65300,0456 | < 18,75%
6.4 Pracovni zdvih pruZiny H 6,0000 [mm] 4,4 < 440403564 | < -26,60%
6.5 Max. dovolend stlageni pruZiny s8fss | 0.8 |L| Vypo&itat
6.6 Polet paralelné uloZenych diski v sadé n 4 4 < - 6.14‘Wbér pruZiny 158/242
6.7 Poiet sériové uspoiadanych sad (diskd) i 8 5 11 | = |53 ¥31x3.5x45% >z
6.8 Vnéjsi primér disku De | 63,0000 | [mm] 6.15‘Whledén|' pruZiny
6.9 Vnitfni primér disku Di | 31,0000 [ [mm] AH [%] Nenax imax
6.10 Tlougtka materidlu t| 35000 3 [mm] s[v]sx]s [v]s [+]
6.11 Vyika disku h| 45000 [[mm] Vyhledat
6.12 Vnitfni vwika disku ho 1,4000 [mm] Hledat dalsi
6.16 Kontrolni idaje 6.29‘ Pevnostni kontrola (statické zatiZzeni)
6.17 Pomér promérd De/Di 2,03 6.30 Dovolend napéti v tlaku Tpp 2100 [MPa]
6.18 Pomérna vyska disku ho/t 0,40 6.31 Max. tlakové napéti TpB| 1860,7 [MPa]
6.19 Maximalni (plné) stlaceni pruZiny S5 11,2 [mm] 6.32 Max. tahové napéti ar8 1160,7 [MPa]
6.20 Pomérné stladeni pruZiny s8/sg 0,69 6.33‘ Doporucend mira bezpeénosti 1,00
6.21 Sila pIné stlacené pruZiny Fs | 77436,1 | [N] 6.34 Mira bezpecnosti 1,13
6.22‘ Max. dovolené zatiZeni pruZiny F8Bmax| 62230,6 [N] 6.35‘ Parametry pracovniho cykiu
6.23 Celkova hmotnost pruZiny m 2,077 [kqgl 1 8 9
6.24 KonstrukEni parametry Sila K 25000,0 55000,0 62230,6 | [N]
6.25 Celkovy pocet disk( v pruZiné 32 Stlaeni s 3.3 7.7 8,82 [mm]
6.26 Volnd délka pruZiny Lo 123,20 [mm] Délka L 119,9 115,5 114,38 [mm]
6.27 Délka plné stlacené pruziny Ls 112,00 [mm] Napéti Op; 841,7 1860,7 2100 [MPa]
6.28 Deformaéni energie pruziny w8 219,22 (]| Tuhost k 7186,73 6522,64 6435,75 [N/mm]

Obr. 44 — Vypocet talifovych pruzin - MITCalc - pfiklad stlaéeni 0 3,3mm a nasledné o dalSich 4,4mm
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Obr. 45 - 2D rozloZeni prostoru pro pruZiny — pohled na vyraZeci trn s pistem

7.5 Srouby

Byly kontrolovany pouze Srouby, které jsou v konstrukci nejvice naméhané, nastroj kontroly
byl opét KISSsoft. Srouby na vénci natadeni, $rouby drzici prodlouZeni natadeci skiing,
Srouby na vicku nesouciho nataceni a Srouby prichyceni na celni desku frézovaci véze
(Obr. 46). Veskeré vystupy z programu KISSsoft v Piiloze €. 7.

Obr. 46 — Zleva do prava — $rouby vénce, prodlouZeni, vicka nataceni a uchyceni na vézi

Na vénec bylo pouzito 18 Sroubt s valcovou hlavou a vnitinim Sestihranem s vysokou
pevnosti 1SO 4762 - M12x65 12.9, bezpecnost vici mezi kluzu 1,17-1,42 v zavislosti na
ptedepinaci sile, doporuceny utahovaci moment 65,68-105,08Nm. Na prodlouZeni nat4ceci
skiin€ bylo zapotiebi pouzit 16 Sroubt s valcovou hlavou a vnitfnim Sestihranem s vysokou
pevnosti ISO 4762 - M10x30 12.9, poté bezpecnost viici mezi kluzu 1,14-1,26 a doporuceny
utahovaci moment 42,11-67,38Nm. Na vi¢ku posta¢i 10 Sroubl o normalni pevnosti
ISO 4762 - M12x40 8.8, bezpecnost viici mezi kluzu 1,15-3,97 s doporu¢enym utahovacim
momentem 13,15-21,04Nm. Uchyceni bylo vyfeSeno pomoci 16 Sroubt s Sestihrannou hlavou
a normdlni pevnosti ISO 4017 — M16x60 8.8, bezpecnost vici mezi kluzu 1,15-1,83 a
doporuc¢eny utahovaci moment 71,12-113,79Nm. Sily vstupujici do vypocti jsou ziskany
transformaci feznych a tihovych sil do bodu (Pfiloha ¢. 7), od kterého jsou Srouby Vv
KISSsoftu zakétované, pro ptipad prodlouzeni a uchyceni, nebo ze zndmych reakci v ozubeni
pro vénec a sila pro Srouby vicka je ziskéna z axidlni reakce loziska, které se o vicko opira.
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8 MKRP skriné frézovaci hlavy

Vypocty metodou koneénych prvki byly provedeny v softwaru Unigraphics NX 10 s fesi¢em
NASTRAN. Nejprve byl vytvoien vypoctovy model, ktery byl s drobnymi Gpravami pouzit
pro vSechny analyzy. Zadéavaci soubory pro vypocty jsou k nalezeni na ptilozeném CD.

8.1 Vypoctovy model

Do vypocétového modelu byla vybrana pevna skfin, otocna skiin vietene, prodlouzeni oto¢né
skiing, ¢ast reprezentujici ozubeny vénec, hiidel ulozeni oto¢né skiin¢ a spodni viko. Byly
odstranény diry Sroubt pro zlepSeni sité (Obr. 47).

PRODLOUZENI OTOCNE SKRINE

OTOCNA SKRIN

HRIDEL OTACENI SPODNI VIKO

Obr. 47 - 3D model upraveny pro tvorbu vypoctového modelu
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Sit’ byla vytvotfena pomoci ¢tyirbokych prvki ﬁ CTETRA(10) S meziuzly, jejich velikost
je rozdilna, ale ve vétsiné pripadid byla pouzita doporucena velikost v nastaveni sitovani.
Mezi jednotlivymi na sebe navazujicimi dily byl pouzit MASH MATIG, pro zajisténi
shodnosti sit¢ v misté piechodu z jednoho dilu na druhy.

Obr. 48 - Nasit'ovany 3D model ski'iné frézovaci hlavy

Na hfideli ulozeni nataceni
A vznikaly napétové $picky, proto
byla sit zjemnéna. Pouhé
zjemnéni nestacilo, bylo nutno
V misté radiusu vytvofit segment
Sjinym typem sité, brikovymi
prvky ¢ CHEXA@)  pro lepsi
vytvarovani kritického radiusu
(Obr. 49).

Obr. 49 - Nasit’ovana h¥idel uloZeni nataceni
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V simulaci jsou dily, které jsou k sobé ptisSroubovany, spojeny pomoci funkce Surface
to Surface Gluing (Obr. 50 — zelené Sipky), ktera zajisti pfenos sil skrz pfechod mezi
soucastmi. Loziska byla nahrazena rizicemi 1D prvka (Obr. 50 — zluté ¢ary), jednou ruzici
z vnéjsiho priméru loziska a druhou s vnitiniho. Tyto dvé riizice jsou zavazbeny pomoci
jejich sttedovych bodi, kterym je podle uvazeni mozno odebrat posuvy a rotace vici sobg.
Tim, Ze jedna z ruzic je pfichycend na pevnou skfifi a druhd na pohyblivou skiin vietene je
zajistén prenos feznych sil z jedné na druhou. Rezné sily (Obr. 50 — &ervené $ipky) jsou
umistény v bod¢ jejich skute¢ného piisobeni, ktery je spojen 1D prvky (Obr. 50 — riizové ¢ary)
s plochou uloZeni pouzdra vietenovych lozisek. Upevnéni v prostoru (Obr. 50 — modré ¢ary)
je provedeno pies packy na pevné skiini vietene, uchyceni za fiktivni plochu dotyku skiiné
s Celni deskou frézovaci véze. Zavezbeni rotace je provedeno pies plosku na dilu
reprezentujicim ozubené kolo (vénec).

Obr. 50 - Rez vypo¢tovym modelem s definovanymi vazbami a feznymi silami
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8.2 Pevnostni analyza

Byla provedena pro n¢kolik riznych hodnot feznych sil a natoceni vietene. Zde jsou uvedeny
jen nejhorsi piipady naméhani, ostatni jsou k nahlédnuti na pfilozeném CD. Jako materidl
skiiné je pouzita tvarna litina s oznatenim EN-GJS-500-7 (CSN 42 2305), mez kluzu této
litiny je 320MPa (informativni materialovy list na ptilozeném CD).

I 50.00

—  40.00
©
o
=,
T | 30.00
=
L
2
O = 20.00
b
0
o
©
4
10.00
0.00

Obr. 51 - Priibéh redukovaného napéti HMH (MPa) v celé ski'ini frézovaci hlavy

Zatizeni skiin€ bylo nastaveno pomoci sil takto: smér X 22 500kN, smér Y 15 00kN,
smér Z 22 500kN, tyto udaje vychazi z velikosti feznych sil, pfedpokladany jsou nejvétsi
posuvové sily, misto plsobisté dle Obr. 50. Zamezeni posuvu natidCeci skiiné vietene je
V hornim lozisku, kvili kladnému sméru sily v ose Z. Na Obr. 51 je prubéh redukovaného
nap¢ti dle HMH, Sediva oblast zna¢i mista, kde je hodnota napéti vySsi nez stupnice barevné
Skaly. Toto nastalo v levém spodnim rohu, tento narust je nasledkem zptsobu uchyceni
Vv prostoru, na hrané zavazbené plochy vznika Spicka napéti, ktera prostupuje skrz zadni
plochu skiin€. I ptesto, ze je zde hodnota vyrazné vyssi (139,77MPa) nikterak zavazné
nepiekracuje dovolenou hodnotu napéti, tato oblast je z hlediska vyhodnocovéani nezajimava.
Dovolené napéti pii bezpecnosti 2,5 je 128MPa.
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I 50.00

40.00

Dal$im mistem, kde velikost napéti
piekrocila $kalu, je ploska, pies kterou je
zachycena rotace (Obr 52), taktéz se jedna o
misto s nartistem napéti zpiisobenym vazbou
ve vypoctovém modelu. Jak jiz bylo
zminéno, hiidel ulozeni nataceni je
vypoctové zajimavym mistem, protoze je
nejvice namahand. Prabéh redukovaného
napéti v této hiideli, po provedeni upravy
sit€, je zobrazen na Obr. 53.

30.00
20.00

10.00
Maximum
Node 545498
0.00

100.058 N'mm*"2(MPa)

Obr. 52 - Priibéh redukovaného napéti HMH (MPa)
nataceci ski'ifi s ozubenym véncem

50.00

Napeti v radiusu
52.030 N/'mm*"2({MPa)

40.00

20.00

Napéti dle HMH [MPa]

10.00

0.00

Obr. 53 - Priibéh redukovaného napéti HMH (MPa) hiidel uloZeni nataéeni

Sedivy prstenec na hiideli (Obr. 53) je vyvolany rozhranim mezi plochou opieni
loziska, kterd se chovéa jako dokonale tuhd diky vyztuZeni 1D prvkovou rizici, a zbytkem
deformované casti hiidele. Hodnoty na pfechodovych mistech vypoctovych vazeb se
nevyhodnocuji. Proto je vytaZzena velikost napéti v misté radiusu, ktery je mistem s nejvétSim
napétim na htideli (nepoéitaje prechodovy prstenec). Upravou sité bylo ovéieno, ze v tomto
misté napéti ziistane v dovolenych mezich tedy pod hodnotou napéti 128MPa.
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8.3 Deformacni analyza

Nejvetsi deformace nastala pii stejném zatizeni, jako je vyhodnocovano u pevnostni analyzy.

I 0.627

0.522

0.418

Posunuti [mm]
o
&
w

- E |3
©
-—
o
=

0.209

0.000

Obr. 54 - Celkové posunuti [mm] ski'iné frézovaci hlavy

Ze ziskané deformace 0,627mm a vektorového souctu ptisobicich sil Ize urcit celkovou tuhost
frézovaci hlavy.

s =0,627mm

F= \/szosx + F2ysz + F2 = /22 5002 + 22 5002 + 15 0002 = 35 178N = 35,178kN

F 35178

s 0,627

= 56,105kN/mm

Doporucend hodnota tuhosti skiiné je SOkN/mm => celkova tuhost skiin¢ je dostacujici.
Nasledné byly provedeny vypocty deformaci pfi zatizeni silou 10 000N pro kazdy hlavni smér
zvlast. Potom deformace ve sméru X = 0,262mm, ve sméru Y = 0,0609mm a ve
sméru Z = 0,092mm => ky = 38,17kN/mm,; ky = 14493kN/mm,; k, = 108,7kN/mm.
Mensi tuhost v X sméru je ddna vlivem deformace ozubeni (zptisob uchyceni rotace).
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l 0.407

0.326

Pro porovnéni je zde uveden Obr. 55,
do vypoctu vstupuji stejné velikosti sil jako
na Obr.54, jediny rozdil je v natoceni vietene
0 90°. Deformace v tomto piipadé dosahuje
hodnoty 0,407mm tedy mensi nez kdyz je
vieteno v zakladni pozici (0°). Pfi natoceni
se do posunuti pozitivné promitne rozsireni
skiiné v horni ¢asti. Deformace ve sméru
rotace, zustala témét totozna. Zvysila se
tuhost ve svislém sméru.

0.244

0.163

i 0.081
0.000

Obr. 55 - Celkové posunuti (mm) p¥i nato¢eni vietene o 90°

Posunuti [mm]

8.4 Modalni analyza

Modalni analyza slouzi k ureni vlastnich frekvenci a tvard kmitt. Aby nedoslo k rezonanci
télesa, nesmi byt vlastni frekvence frézovaci hlavy shodna s budicimi frekvencemi. V tomto
piipad€ jsou budici sily zplsobeny zabérem frézy do obrabéné¢ho materialu. Dalsi buzeni
vznika od valeni loZisek, zdbéru ozubenych kol jak kuZelovych tak Celnich., tyto budici sily
jsou oproti budici sile vnikajici na ndstroji zanedbatelné. Pro stanoveni vlastnich
charakteristik frézovaci hlavy byl uvazovan pouze vliv zabéru nastroje do obrobku.

8.4.1 Vypocet budici frekvence nastroje

Velikost budici frekvence zavisi na otackach néstroje a poctu zubii frézy. Byla zvolena fréza
s 12 zuby pro 1-3 zatéZovaci stav a s dvéma zuby pro Ctvrty zatézny stav.

fz — budici frekvence [Hz]
n — otacky vietene [min~1]

i, —poclet zubt frézy [—]

Prvni zatézny stav
n o 2435
fp = 50" = 40

Druhy a tieti zatézny stav

12 = 48,7Hz

n 300
fB :%'1225'12:601‘12
Ctvrey zatézny stav

n 2000
fB :%'lz :WZ = 66,66HZ
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8.4.2 Vysledky MKP analyzy

Prvni tfi vlastni frekvence skiin¢ frézovaci hlavy (Tabulka 18) jsou nejdulezitéjsi pro
porovnani s budicimi frekvencemi.

Vlastni frekvence | [Hz]
1. 219
2. 280
3. 405

Tabulka 18 - Vlastni frekvence fr. hlavy

Porovnanim hodnot v Tabulce 18 s vypoctenymi budicimi frekvencemi je ziejmé, ze
rezonance nenastane. Tvary vlastnich kmitt pro prvni tii frekvence skiin¢ frézovaci hlavy
jsou znazornény na Obr. 56, Obr. 57 a Obr. 58. Kmitani zptsobuje nepiesnosti pii obrabéni,
zjisténé vlastni frekvence je proto nutno ovétit v praxi.

I 0.259 I 0.159
0.207 0.127
0.155 0.096
i 0.104 i 0.064
I 0.052 I 0.032
0.000 0.000
Obr. 56 - Prvni vlastni frekvence — tvar kmitu Obr. 57 - Druha vlastni frekvence - tvar kmitu
(posunuti v mm) (posunuti v mm)

0.111

Obr. 58 - T¥eti vlastni frekvence - tvar kmitu (posunuti v mm)
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9 Upevnéni frézovaci hlavy na frézovaci véz

Frézovaci hlava je pfiSroubovana na celni desku frézovaci véze pomoci 16 Sroubl (viz
kapitola 7.5). V desce je uchycen unase¢, ktery slouzi jako spojovaci ¢len mezi frézovaci
hlavou a hlavnim pohonem (hlavni fezny pohyb) respektive ptidavnou dvoustupniovou
prevodovkou. Je vytvofen jako drazkované pouzdro, do kterého piijde nastréit drazkovana
hiidel vystupujici ze zad frézovaci hlavy. Do unaSeCe muze byt misto frézovaci hlavy
nastréeno 1 jiné prislusentvi naptiklad brousici hlava, za pfedpokladu, ze bude mit vstupni
hiidel se stejnym drazkovanim a bude pracovat se stejnym ¢i niz§im vstupnim momentem.
Kontrola drazkovani byla provedena ru¢nim vypoctem dle piednasek z predmétu KKS/CMS1
(Prof. Ing. Stanislav Hosnedl, CSc.).

M, := 2500N-m ...kroutici moment
D :=72mn ...vn&jSi prameér drazkovani
d :=62mn ...vnitini primér drazkovani
dgt := 67mm ...stfedni pramér drazkovani
f :=0.3nn ...srazeni na zubech drazkovani
hgt = DT_d —2f =4.4mn ...Stykova vyska zubu
ls¢ =55 ....stykova délka drazkovani
NpR := 8 ...pocet zubu v drazkovani
Cof = 0.7F ...soucinitel spoluzabirajicich zubd pro rovnoboké drazkovani
M¢
st
p = -z 51.396MP3 ...tlak v ozubeni

Cef NDR Nst-lst

pp := 100MPa ...dovoleny tlak v ozubeni

Tlak v zubech drazkovani je mensi nez dovoleny tlak,
ve vypoctu je uvazovan kroutici moment 2500N/m, to
koresponduje s nominalni hodnotou krouticiho momentu,
ktery miize dodavat vybrany motor hlavniho pohonu
(5x487=2435N/m). Samotné drazkovani je uloZeno na dvou
loziskach s kosothlym stykem SKF 7022 BEP (d=100mm;
D=180mm; B=34mm) uchycenych v pouzdie, které je
vloZeno do vnitiniho prostoru celni desky frézovaci véze a { ﬂ Q
uzavieno vickem (Obr. 59). :

[ 1

Obr. 59 - Una$el v Fezu
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Celni deska ma ze zadni strany pripevnény valivé tanky, které maji své vodici listy (dréhy)
priSroubované k frézovaci vézi. Takto je umoznén pohyb ve svislém sméru. Valivé tanky byly
z diivodu nedostatku potfebnych informaci (rychlosti posuvi, délka drah, vyuziti) vybrany
Z katalogu pouze na zakladé znamych hodnot a to feznych sil a pfiblizné hmotnosti frézovaci
hlavy. Oznaceni valivych tankil od firmy SCHNEEBERGER je MR W 65-B s vodici
lisStou MR S 65. Na desce je nalitek ve tvaru ptiruby pro pfipojeni ptidavné pievodovky od ZF
2k450, na kterou je prichycen motor hlavniho pohonu 1PH8186 (Obr. 60).

voDici

VALIVE
TANKY

PREVODOVKA
2K450

1PH8186

Obr. 60 - Pohled na uchyceni hlavniho pohonu, zadni strana ¢elni desky frézovaci véZe (véZ skryta)

10 3D modely navrzeného reSeni

Obr. 61 — 1SO Pohled na celek sestavy
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Frézovaci véz, pro kterou je tato
hlava navrzena, zatim nebyla
vytvofena. Existuji pouze
pfedpokladané rozméry, proto je na
Obr. 61 reprezentovana pouze
uzavienym ramem bez specifickych
tvari ¢i rozmérd. Dals$i pohledy na
frézovaci hlavu jiz bez popisu.
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11 Zavér

Cilem této diplomové prace byl konstrukéni navrh frézovaciho zatizeni IFVW 122 pro
frézovaci véz FS7 umistovanou na suport hrotového soustruhu SR3 ¢i na vyssi verze. Slouzi
k rozsiteni portfolia technologickych operaci proveditelnych na soustruhu. Pfispiva ke snizeni
mezioperacnich Casi, ke zvySeni efektivnosti a piesnosti vyroby, v souvislosti s moznosti

vykonat vétSinu obrabécich operaci na jedno upnuti ptimo na hrotovém soustruhu.

V praci byly zadany konkrétni hlavni parametry frézovaci hlavy a to maximalni
vyuzitelny moment na vieteni, maximalni otacky vietene, vykon a pozadavek nataceni kolem
svislé osy (osa B). Ostatni parametry byly ziskany na zéklad¢ konzultaci v zadavajici firme,
nebo vyplivali z provedenych vypoctl a ndvrha.

Hlavni casti prace je konstruk¢ni navrh frézovaci hlavy zabyvajici se predevSim
problematikou uloZeni vietene a schopnosti jeho nataceni kolem svislé osy. Doplnéna o
analyzy metodou konec¢nych prvki. Zde musim podotknout, ze MKP analyzy byly provedeny
na zduSenych modelech, které davaji orientac¢ni vysledky. Proto pfi pfistoupeni k vyrobé této
hlavy, musi byt zhotoveny dal$i podrobnéjsi analyzy jednotlivych ¢asti zafizeni. Okrajovou
¢asti prace je potom zplsob uchyceni frézovaci hlavy na frézovaci véz.

Konstrukéni ndvrh byl podroben kontrolnim vypoctim, vétSina z nich je pro svij
rozsah uvedena v ptilohach. Nekteré slouzili jako kritérium pro vybér optimalni varianty, jiné
pro ovéteni Zivotnosti, inosnosti ¢i namahani konkrétniho prvku konstrukce. Finalni feSeni
konstrukéniho navrhu spliiuje zadané parametry pfi dodrZeni dovolenych namahéni a celkové
poZadované zivotnosti.

Vysledkem této diplomové prace je nové navrzené frézovaci zafizeni s oznacenim
IFVW 122, které vyhovuje zadanym parametrim. A dava komplexni ndhled na problematiku
tykajici se navrhu frézovaci hlavy, ktery mize vést az k samotné realizaci vyroby tohoto
zatizeni.
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KISSsoFT
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_0.GearBOX.GearPair_constl.GearPair_constl_calc

KISSsoft Release  03/2015 F
KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: Maca on: 13.05.2016 at: 13:34:41

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

1-> Some elements of the Load spectrum are unusually big.
Check the Load spectrum.
(Element no. 1, Element no. 4)

BEVEL-GEAR-CALCULATION (BEVEL-GEAR-PAIR)

Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0

Load spectrum

load_spectrum_100
Number of bins in the load spectrum: 4
Reference gear: 1

No. [%] kW] [1/min] [Nm] KV  KHB KHa Ky YM1 YM2 QilTemp
1 30.00000 46.0767 200.0 2200.0000 1.0097 1.8750 1.0000 1.0000 1.0000 1.0000 70
2 20.00000 31.4159 300.0 1000.0000 1.0253 1.8750 1.0768 1.0000 1.0000 1.0000 70
3 20.00000 -32.0571 -300.0 1020.4082 1.0249 1.8750 1.0733 1.0000 1.0000 1.0000 70
4 30.00000 20.9440 2000.0 100.0000 1.8017 1.8750 1.2183 1.0000 1.0000 1.0000 70

Notice:

Tooth flank with load spectrum: Consider all negative load spectrum bins as positive

Tooth root with load spectrum: Consider all negative load spectrum bins as positive
Is only applied on load spectrum bins, where the alternating bending factor (mean stress influence factor) YM=1.0.

Woehler line (S-N curve) in the endurance domain according: according to standard

Notice:
Calculation-method according to:
-1SO 6336, Part 6
During the calculation al the load-coefficients (1ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum bin are calculated separately.

1/32



Results
Root safety 1.591
Flank safety 1.618

Scuffing safety (integral temperature)

1.591
1.618

2.765

KISSsoFT
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(Safety against scuffing/micropitting/EHT is indicated for the most critical element of the load spectrum.)

Analysis of critical elements in load spectrum: See section

11

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method Bevel gear DIN 3991:1988
Geometry calculation according 1ISO 23509:2006, method

Standard, fig 1 (Tip, Pitch and Root apex in one point)

Determination of face and root angle according to DIN3971:1980-fig.1 (differs from

Manufacture process: lapped

No spiral tooting

Note: The calculation of the inside and outside helix angle does not corresponds to the

0

ISO 23509:2006).

ISO 23509:2006.

------- GEAR 1 -------- GEAR 2 -------
Power (kW) [P] 1.047
Speed (1/min) [n] 100.0 100.0
Rotation direction, wheel 1, viewed on cone tip: right
Torque (Nm) [T] 100.0 100.0
Application factor [KA] 1.25
Power distribution factor [Kgam] 1.00
Required service life [H] 8000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL

——————— GEAR 1 -------- GEAR 2 -------
Hypoid offset (mm) [a] 0.000
Shaft angle (°) [Sigma] 90.0000
Mean normal module (mm) [mmn] 5.0000
Pressure angle at normal section (°) [alfn] 20.0000
Mean spiral angle (°) [betm] 30.0000
Hand of gear right
left
Number of teeth [2] 35 35
Facewidth (mm) [b] 46.00 46.00
Assumed and measured contact pattern width (mm) [be] 39.10 39.10
Accuracy grade according to DIN 3965 [Q-DIN3965] 6 6
Internal diameter gearbody (mm) [di] 0.000 0.000
Pitch apex to front of gear blank (mm) [yi] 91.818 91.818
Pitch apex to back of gear blank (mm) [yo] 127.048 127.048
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H misalignment (P misalignment) (um) [DeltaH] 0.000
G misalignment (um) [DeltaG] 0.000
V misalignment (E misalignment) (um) [DeltaVv] 0.000
Material
Gear 1: 16 MnCr 5 (1), Case-carburized steel, case-hardened

1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Gear 2: 16 MnCr 5 (1), Case-carburized steel, case-hardened

1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Surface hardness HRC 59 HRC 59
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1000.00 1000.00
Yield point (N/mm?) [Rp] 695.00 695.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Roughness average value DS, flank (um) [RAH] 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Gear reference profile 1:
Reference profile 1.25/0.38/1.01SO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*=0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping
Gear reference profile 2:
Reference profile 1.25/0.38/1.01S0O 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*=0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000
not topping

Summary of reference profile gears:

Dedendum reference profile [hfP*] 1.250 1.250
Tooth root radius Refer. profile [rofP*] 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000
Protuberance height factor [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient [hFaP*] 0.000 0.000
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Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)

Tip relief (um) [Ca] 2.0 2.0

No modification at tip circle

Lubrication type Grease lubrication
Type of grease Grease: Isoflex Topas NCA52
Lubricant base Synthetic oil based on Polyalphaolefin
Kinem. viscosity base oail at 40 °C (mm?/s) [nu40] 30.00
Kinem. viscosity base oail at 100 °C (mm?/s) [nu100] 5.60
FZG-Test A/8.3/90 step [FZGtestA] 10
Specific density at 15 °C (kg/dm?) [roQil] 0.890
Grease temperature (°C) [TS] 70.000
------- GEAR 1 -------- GEAR 2 -------
Overall transmission ratio [itot] -1.000
Gear ratio [u] 1.000
Outer spiral angle (°) [bete] 30.0000 30.0000
Mean spiral angle (°) [betm] 30.0000 30.0000
Inner spiral angle (°) [beti] 30.0000 30.0000
Pinion offset angle in axial plane (°) [zetm] 0.0000
Pinion offset angle in pitch plane (°) [zetmp] 0.0000
Offset in pitch plane (mm) [ap] 0.000
Outer normal module (mm) [men] 5.8048
Outer transverse module (mm) [met] 6.7028 6.7028
Mean normal module (mm) [mmn] 5.0000
Mean transverse module (mm) [mmt] 5.7735 5.7735
Inner normal module (mm) [min] 4.1952
Inner transverse module (mm) [mit] 4.8442 4.8442
Sum of profile shift coefficients [xhm1+xhm2] 0.0000
Profile shift coefficient [xhm] 0.0000 0.0000
Undercut boundary [xhmmin] -3.1899 -3.1899
Tooth thickness modification coefficient [xsmn] 0.0000 -0.0000
Outer pitch diameter (mm) [de] 234.600 234.600
Outer tip diameter (mm) [dae] 242.809 242.809
Outer root diameter (mm) [dfe] 224.338 224.338
Mean pitch diameter (mm) [dm] 202.073 202.073
Mean tip diameter (mm) [dam] 209.144 209.144
Mean root diameter (mm) [dfm] 193.234 193.234
Inner pitch diameter (mm) [di] 169.546 169.546
Inner tip diameter (mm) [dai] 175.479 175.479
Inner root diameter (mm) [dfi] 162.130 162.130
Addendum (mm) [hae] 5.805 5.805
(mm) [ham] 5.000 5.000
(mm) [hai] 4.195 4.195
Dedendum (mm) [hfe] 7.256 7.256
(mm) [hfm] 6.250 6.250
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(mm) [hfi] 5.244 5.244
Tooth height (mm) [he] 13.061 13.061
(mm) [hm] 11.250 11.250
(mm) [hi] 9.439 9.439
Working depth (mm) [whe] 11.610
(mm) [whm] 10.000
(mm) [whi] 8.390
Tip clearance (mm) [ce] 1.451 1.451
(mm) [cm] 1.250 1.250
(mm) [ci] 1.049 1.049
Outer cone distance (mm) [Re] 165.887 165.887
Mean cone distance (mm) [Rm] 142.887 142.887
Inner cone distance (mm) [Ri] 119.887 119.887
Pitch angle (°) [delta] 45.0000 45.0000
Face angle (°) [dela] 47.0041 47.0041
Addendum angle (°) [thea=dela-delta] 2.0041 2.0041
Root angle (°) [delf] 42.4954 42.4954
Dedendum angle (°) [thef=delta-delf] 2.5046 2.5046
Distance along axis to crossing point (mm) [txo] 113.195 113.195
(mm) [txi] 81.806 81.806
Distance apex to crossing point (mm) [tz] -0.000 -0.000
(mm) [tzF] -0.000 -0.000
(mm) [tzR] -0.000 -0.000
Distance in axial direction to the cone tip (mm) [yel 117.300 117.300
(mm) [yae] 113.195 113.195
(mm) [yai] 81.806 81.806
Theoretical tip clearance (mm) [c] 1.250 1.250
Effective tip clearance (mm) [c.efi] 1.250/ 1.260 1.250/ 1.260

*reexkk Virtual cylindrical gear toothing *xxxx*

Pressure angle at normal section (°) [alfvn] 20.0000

Pressure angle at pitch circle (°) [alfvt] 22.7959

Helix angle at reference circle (°) [betv] 30.0000

Base helix angle (°) [betvb] 28.0243

Virtual centre distance (mm) [av] 285.774

Working transverse pressure angle (°) [alfvwt] 22.7959

Number of teeth [zv] 49.497 49.497
Gear ratio [uv] 1.000
Generating Profile shift coefficient [xvE.efi] -0.0261/ -0.0398 -0.0261/ -0.0398
Theoretical tip clearance (mm) [c] 1.250 1.250
Effective tip clearance (mm) [c.eli] 1.250/ 1.260 1.250/ 1.260
Reference diameter (mm) [dv] 285.774 285.774
Base diameter (mm) [dvb] 263.452 263.452
Tip diameter (mm) [dva] 295.774 295.774
Tip form diameter (mm) [dvFa] 295.774 295.774
Active tip diameter (mm) [dvNa] 295.774 295.774
Operating pitch diameter (mm) [dvw] 285.774 285.774
Root diameter (mm) [dvf] 273.274 273.274
Root form diameter (mm) [dvFf] 276.799 276.799
Active root diameter (mm) [dvNf] 277.446 277.446
Reserve (dNf-dFf)/2 (mm) [cF] 0.324 0.324
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Normal-tooth thickness at tip circle (mm) [svan] 3.986 3.986
Normal-tooth thickness on tip form circle (mm) [svFan] 3.986 3.986
Virtual gear no. of teeth [zvn] 73.346 73.346
Maximum sliding speed at tip (m/s) [vga] 0.176 0.176
Pitch on reference circle (mm) [pvt] 18.138
Base pitch (mm) [pvbt] 16.721
Transverse pitch on contact-path (mm) [pvet] 16.721
Length of path of contact (mm) [gva] 23.721

Virtual cylindrical gear toothing (
1ISO 10300:2001, Annex A):

Referenced to facewidth [bveff] 46.000

Transverse contact ratio [epsva] 1.419

Overlap ratio [epsvb] 1.464

Total contact ratio [epsvg] 2.039

(DIN 3991: epsva = 1.419, epsvb = 1.245, epsvg = 2.663)

Characteristic values for sizing [Re2/b2] 3.606
[b2/mmn] 9.200

2. FACTORS OF GENERAL INFLUENCE

------- GEAR 1 -------- GEAR 2 -------

Nominal circum. force at pitch circle (N) [Fmt] 989.7 989.7

Drive side
Axial force (N) [Fa] 698.2 -109.9
Radial force (N) [Fr] -109.9 698.2
Normal force (N) [Fnorm] 1216.2 1216.2
Axial force (%) [Fa/Ft] 70.543 -11.107
Radial force (%) [Fr/Ft] -11.107 70.543
Remarks:
Forces if rotation goes in opposite direction (coast side):
Axial force (N) [Fa] -109.9 698.2
Radial force (N) [Fr] 698.2 -109.9
Normal force (N) [Fnorm] 1216.2 1216.2
Axial force (%) [Fa/Ft] -11.107 70.543
Radial force (%) [FriFt] 70.543 -11.107
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 25.31
Circumferential speed reference circle (m/s) [v] 1.06 1.06
Singular tooth stiffness (N/mm*um) [c 4.43
Meshing stiffness (N/mm*um) [ca] 6.33
Single pitch deviation (um) [fp] 13.00 13.00
Running-in value y.a (um) [ya] 0.97
Profile form deviation (um) [ff] 0.00 0.00
Reduced mass (kg/mm) [mRed] 0.071
Resonance speed (min-1) [nE1] 2574
Under critical range - resonance ratio [N] 0.039
Dynamic factor [KV] 1.04
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Mounting factor [KHbbe] 1.25
Face load factor - flank [KHb] 1.88
- Tooth root [KFb] 1.88
- Scuffing [KBb] 1.88
Transverse load factor - flank [KHa] 1.45
- Tooth root [KFa] 1.45
- Scuffing [KBa] 1.45
Helical load factor scuffing [Kbg] 1.25
Number of load cycles (in mio.) [NL] 48.000 48.000

3. TOOTH ROOT STRENGTH

------- GEAR 1 -------- GEAR 2 -------

Calculation of Tooth form coefficients according method: C
Manufacture process: generated
Calculated with profile shift [X] 0.00 0.00
Tooth form factor [YF] 2.24 2.24
Stress correction factor [YS] 1.76 1.76
Bending lever arm (mm) [hF] 9.47 9.47
Working angle (deg) [alfh] 23.23 23.23
Tooth thickness at root (mm) [sFn] 11.12 11.12
Tooth root radius (mm) [roF] 2.43 2.43
(hF*= 1.894/1.894 sFn*= 2.225/2.225 roF*= 0.487/0.487)
Contact ratio factor [Yeps] 0.66
Helix angle factor [Ybet] 0.75
Effective facewidth (mm) [b] 39.10 39.10
Bevel gear factor (root) [YK] 1.000
Nominal stress at tooth root (N/mm?) [sigFO] 9.91 9.91
Tooth root stress (N/mm?) [sigF] 35.05 35.05
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 0.998 0.998
Surface factor [YRrelT] 0.957 0.957
size factor (Tooth root) [YX] 1.000 1.000
Finite life factor [YNT] 1.000 1.000

[YdrelT*YRrelT*YX*YNT] 0.955 0.955
Alternating bending factor (mean stress influence coefficient)

[YM] 1.000 1.000

Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm?) [SigFE] 860.00 860.00
Permissible tooth root stress (N/mm?) [sigFP=sigFG/SFmin] 586.49 586.49
Limit strength tooth root (N/mm32) [sigFG] 821.09 821.09
Required safety [SFmin] 1.40 1.40
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4. SAFETY AGAINST PITTING (TOOTH FLANK)

Zone factor

Elasticity coefficient (YN/mm)
Contact ratio factor

Helix angle factor

Bevel gear factor (flank)
Nominal flank pressure (N/mm?)
Effective flank pressure (N/mm?)

Lubrication coefficient at NL
Speed coefficient at NL
Roughness coefficient at NL
Work hardening factor at NL
Finite life factor

Small no. of pittings permissible:

Size factor (flank)

Permissible surface pressure (N/mm?)
Limit strength pitting (N/mm?)

Safety for surface pressure at operating pitch circle

Single tooth contact factor
Flank pressure (N/mm3)

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

[ZH]
[ZE]
[Zeps]
[Zbet]
[ZK]
[sigHO]
[sigH]

(zL]

(2V]

(ZR]

[ZW]

[ZNT]

[ZL*ZV*ZR*ZNT]
no

(zX]

[sigHP=sigHG/SHmin]

[sigHG]

[SHw]
[zB/ZD]
[sigHB/D]

The calculation of load capacity for scuffing does not cover grease.

The FZG-Test stage
for grease.
The calculation can only serve as a rough guide.!

Lubrication coefficient (for lubrication type)

Relative structure coefficient (Scuffing)

Thermal contact factor (N/mm/s”.5/K)

Relevant tip relief (um)

Optimal tip relief (um)

Cataken as optimal in the calculation (0=no, 1=yes)
Effective facewidth (mm)

Applicable circumferential force/facewidth (N/mm)

Angle factor
(€1:0.709, €2:0.709)

Flash temperature-criteria

Tooth mass temperature (°C)
theM-B = theoil + XS*0.47*theflamax
Scuffing temperature (°C)
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(XS]
[XWrelT]
(BM]
[Ca]
[Ceff]

[beff]

[wBt]
[Xalfbet]

[theM-B]
[theflamax]
[theS]

KISSsoFT
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-------- GEAR 2 -------
2.22
189.81
0.840
0.931
0.850
117.96
221.88
0.921 0.921
0.955 0.955
0.990 0.990
1.000 1.000
1.003 1.003
0.874 0.874
1.000 1.000
1311.21 1311.21
1311.21 1311.21
5.91 5.91
1.00 1.00
221.88 221.88
[FZGtestA] is only estimated
1.200
1.000
13.780 13.780
2.00 2.00
4.25
0 0
39.100
111.850
0.992
0.00
0.00
0.00
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0.0 °C)

70.0 °C)

-0.095/ -0.145

7.853
7.758/ 7.708
5.030

9.118
9.007/ 8.949
5.835

48.00
35.00
22.00
53.00
16.00

Coordinate gamma (point of highest temp.) [Gamma] 0.000
[Gamma.A]=-0.214 [Gamma.E]=0.214
Highest contact temp. (°C) [theB] 0.00
Geometry factor [XB] 0.000
Load sharing factor [XGam] 0.000
Dynamic viscosity (mPa*s) [etaM] 9.55 (
Coefficient of friction [mym] 0.059
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 70.97
theM-C = theoil + XS*0.70*theflaint [theflaint] 1.16
Integral scuffing temperature (°C) [theSint] 280.20
Flash factor (°K*N/-.75*s.5*m”-.5*mm) [XM] 50.058
Contact ratio factor [Xeps] 0.303
Dynamic viscosity (mPa*s) [etaOil] 9.55 (
Mean coefficient of friction [mym] 0.059
Geometry factor [XBE] 0.154
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.008
Integral tooth flank temperature (°C) [theint] 72.71
6. ALLOWANCES FOR TOOTH THICKNESS
------- GEAR 1 -------- GEAR 2 -------
Tooth thickness deviation DIN 3967 cd25 DIN 3967 cd25
Tooth thickness allowance (normal section) (mm) [As.eli] -0.095/ -0.145
The following data apply on the middle of the facewidth (1SO23509):
Tooth thickness (chordal) in pitch diameter (mm) [smnc] 7.853
(mm) [smnc.eli] 7.758/ 7.708
Reference chordal height from dam (mm) [hamc] 5.030
The following indications are valid for the outer end of the facewidth:
Tooth thickness (chordal) in pitch diameter (mm) [senc] 9.118
(mm) [senc.eli] 9.007/ 8.949
Reference chordal height from dae (mm) [haec] 5.835
Circumferential backlash (mm) [imt] 0.329/ 0.215
(mm) [iet] 0.381/ 0.250
Normal backlash (mm) [imn] 0.273/ 0.179
(mm) [ien] 0.316/ 0.207
7. GEAR ACCURACY
——————— GEAR 1 -------- GEAR 2 --
According to DIN 3965:1986:
Accuracy grade [Q-DIN3965] 6
Total cumulative pitch deviation (um) [Fp] 48.00
Runout (um) [Fr] 35.00
Single flank composite, tooth-to-tooth (um) [fi 22.00
Single flank composite, total (um) [Fi' 53.00
Adjacent pitch difference (um) [fu] 16.00
Single pitch deviation (um) [fp] 13.00
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9. DETERMINATION OF TOOTH FORM

Data for the tooth form calculation :
Data not available.

10. ADDITIONAL DATA

Input data for calculating the gear measurements according to ISO 23509:2006
Data of type 1 (according to table 3, 1ISO 23509:2006):
xhmi1= 0.0000 khap= 1.0000 khfp= 1.2500 xsmn= 0.0000
Data of type 2 (according to table 3, 1ISO 23509:2006):
cham= 0.5000 kd= 2.0000 kc= 0.1250 kt= 0.0000
Coefficient of friction (

(Input)) [mum] 0.070
Wear sliding coef. by Niemann [zetw] 0.501
Gear power loss (kW) [PVZ] 0.005
Meshing efficiency (%) [etaz] 99.478
Weight - calculated with da (kg) [Mass] 8.825 8.825

11. SERVICE LIFE, DAMAGE

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

Service life (calculated with required safeties):

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

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

Damage calculated on basis of required service life

[H] ( 8000.0 h)
No. F1% F2% H1% H2%
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.0
REMARKS:
- Specifications with [-e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance

- Positive sign set for the apexes (tzF,tzR) means: Apex before the centerline. According to ISO 23509.

End of Report lines: 517
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_0.GearBOX.GearPair_const2.GearPair_const2_calc

KISSsoft Release  03/2015 F
KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: Maca on: 13.05.2016 at: 13:34:42

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

1-> Some elements of the Load spectrum are unusually big.
Check the Load spectrum.
(Element no. 1, Element no. 4)

BEVEL-GEAR-CALCULATION (BEVEL-GEAR-PAIR)

Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0

Load spectrum

load_spectrum_100
Number of bins in the load spectrum: 4
Reference gear: 1

No. [%] kW] [1/min] [Nm] KV  KHB KHa Ky YM1 YM2 QilTemp
1 30.00000 45.1552 -200.0 -2156.0000 1.0099 1.8750 1.0000 1.0000 1.0000 1.0000 70
2 20.00000 30.7876 -300.0 -980.0000 1.0257 1.8750 1.0803 1.0000 1.0000 1.0000 70
3 20.00000 -32.7113 300.0 -1041.2328 1.0245 1.8750 1.0699 1.0000 1.0000 1.0000 70
4 30.00000 20.5251 -2000.0  -98.0000 1.8098 1.8750 1.2168 1.0000 1.0000 1.0000 70

Notice:

Tooth flank with load spectrum: Consider all negative load spectrum bins as positive

Tooth root with load spectrum: Consider all negative load spectrum bins as positive
Is only applied on load spectrum bins, where the alternating bending factor (mean stress influence factor) YM=1.0.

Woehler line (S-N curve) in the endurance domain according: according to standard

Notice:
Calculation-method according to:
-1SO 6336, Part 6
During the calculation al the load-coefficients (1ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum bin are calculated separately.
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Results

Root safety
Flank safety

Scuffing safety (integral temperature)

1.624
1.634

1.624
1.634

2.781

KISSsoFT

Cal

cudatice programs for machine design

(Safety against scuffing/micropitting/EHT is indicated for the most critical element of the load spectrum.)

Analysis of critical elements in load spectrum: See section

11

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method

Bevel gear DIN 3991:1988

Geometry calculation according 1ISO 23509:2006, method 0
Standard, fig 1 (Tip, Pitch and Root apex in one point)

Determination of face and root angle according to DIN3971:1980-fig.1 (differs from

Manufacture process:
No spiral tooting

lapped

Note: The calculation of the inside and outside helix angle does not corresponds to the

Power (kW)

Speed (1/min)

Rotation direction, wheel 1, viewed on cone tip:
Torque (Nm)

Application factor

Power distribution factor

Required service life

Gear driving (+) / driven (-)

1. TOOTH GEOMETRY AND MATERIAL

Hypoid offset (mm)

Shaft angle (°)

Mean normal module (mm)
Pressure angle at normal section (°)
Mean spiral angle (°)

Hand of gear

right

Number of teeth

Facewidth (mm)

Assumed and measured contact pattern width (mm)

Accuracy grade according to DIN 3965

Internal diameter gearbody (mm)
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[P]

[n]

(7]

[KA]

[Kgam]

[H]

+
[a]
[Sigma]
[mmn]
[alfn]
[betm]
(2]
[b]
[be]
[Q-DIN3965]

[ai]

GEAR 1 -------- GEAR 2
1.047
100.0 100.0
right
100.0 100.0
1.25
1.00
8000.00
GEAR 1 -------- GEAR 2
0.000
90.0000
5.0000
20.0000
30.0000
35
46.00
39.10
6 6
0.000

ISO 23509:2006).

ISO 23509:2006.

left

35

46.00
39.10

0.000
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Pitch apex to front of gear blank (mm) [yi] 91.818 91.818
Pitch apex to back of gear blank (mm) [yo] 127.048 127.048
H misalignment (P misalignment) (um) [DeltaH] 0.000
G misalignment (um) [DeltaG] 0.000
V misalignment (E misalignment) (um) [DeltaVv] 0.000
Material
Gear 1: 16 MnCr 5 (1), Case-carburized steel, case-hardened

1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Gear 2: 16 MnCr 5 (1), Case-carburized steel, case-hardened

1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Surface hardness HRC 59 HRC 59
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1000.00 1000.00
Yield point (N/mm?) [Rp] 695.00 695.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Roughness average value DS, flank (um) [RAH] 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Gear reference profile 1:
Reference profile 1.25/0.38/1.01SO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*=0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping
Gear reference profile 2:
Reference profile 1.25/0.38/1.01S0 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380 (rhofPmax*=0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000
not topping

Summary of reference profile gears:
Dedendum reference profile [hfP*] 1.250 1.250
Tooth root radius Refer. profile [rofP*] 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000
Protuberance height factor [hprP*] 0.000 0.000
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Protuberance angle (°)
Tip form height coefficient
Ramp angle (°)

Type of profile modification:
none (only running-in)
Tip relief (um)

No modification at tip circle

Lubrication type

Type of grease

Lubricant base

Kinem. viscosity base oail at 40 °C (mm?/s)
Kinem. viscosity base oail at 100 °C (mm?/s)
FZG-Test A/8.3/90 step

Specific density at 15 °C (kg/dm?)

Grease temperature (°C)

Overall transmission ratio

Gear ratio

Outer spiral angle (°)

Mean spiral angle (°)

Inner spiral angle (°)

Pinion offset angle in axial plane (°)
Pinion offset angle in pitch plane (°)
Offset in pitch plane (mm)

Outer normal module (mm)

Outer transverse module (mm)
Mean normal module (mm)

Mean transverse module (mm)
Inner normal module (mm)

Inner transverse module (mm)

Sum of profile shift coefficients

Profile shift coefficient

Undercut boundary

Tooth thickness modification coefficient

Outer pitch diameter (mm)
Outer tip diameter (mm)
Outer root diameter (mm)
Mean pitch diameter (mm)
Mean tip diameter (mm)
Mean root diameter (mm)
Inner pitch diameter (mm)
Inner tip diameter (mm)
Inner root diameter (mm)
Addendum (mm)

(mm)

(mm)
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[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
[Ca] 2.0 2.0
Grease lubrication
Grease: Isoflex Topas NCA52
Synthetic oil based on Polyalphaolefin
[nu40] 30.00
[nu100] 5.60
[FZGtestA] 10
[roOil] 0.890
[TS] 70.000
------- GEAR 1 -------- GEAR 2 -------
[itot] -1.000
[u] 1.000
[bete] 30.0000 30.0000
[betm] 30.0000 30.0000
[beti] 30.0000 30.0000
[zetm] 0.0000
[zetmp] 0.0000
[ap] 0.000
[men] 5.8048
[met] 6.7028 6.7028
[mmn] 5.0000
[mmt] 5.7735 5.7735
[min] 4.1952
[mit] 4.8442 4.8442
[xhm1+xhm2] 0.0000
[xhm] 0.0000 0.0000
[xhmmin] -3.1899 -3.1899
[xsmn] 0.0000 -0.0000
[de] 234.600 234.600
[dae] 242.809 242.809
[dfe] 224.338 224.338
[dm] 202.073 202.073
[dam] 209.144 209.144
[dfm] 193.234 193.234
[di] 169.546 169.546
[dai] 175.479 175.479
[dfi] 162.130 162.130
[hae] 5.805 5.805
[ham] 5.000 5.000
[hai] 4.195 4.195
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Dedendum (mm) [hfe] 7.256 7.256
(mm) [hfm] 6.250 6.250
(mm) [hfi] 5.244 5.244
Tooth height (mm) [he] 13.061 13.061
(mm) [hm] 11.250 11.250
(mm) [hi] 9.439 9.439
Working depth (mm) [whe] 11.610
(mm) [whm] 10.000
(mm) [whi] 8.390
Tip clearance (mm) [ce] 1.451 1.451
(mm) [cm] 1.250 1.250
(mm) [ci] 1.049 1.049
Outer cone distance (mm) [Re] 165.887 165.887
Mean cone distance (mm) [Rm] 142.887 142.887
Inner cone distance (mm) [Ri] 119.887 119.887
Pitch angle (°) [delta] 45.0000 45.0000
Face angle (°) [dela] 47.0041 47.0041
Addendum angle (°) [thea=dela-delta] 2.0041 2.0041
Root angle (°) [delf] 42.4954 42.4954
Dedendum angle (°) [thef=delta-delf] 2.5046 2.5046
Distance along axis to crossing point (mm) [txo] 113.195 113.195
(mm) [txi] 81.806 81.806
Distance apex to crossing point (mm) [tz] -0.000 -0.000
(mm) [tzF] -0.000 -0.000
(mm) [tzR] -0.000 -0.000
Distance in axial direction to the cone tip (mm) [yel 117.300 117.300
(mm) [yae] 113.195 113.195
(mm) [yai] 81.806 81.806
Theoretical tip clearance (mm) [c] 1.250 1.250
Effective tip clearance (mm) [c.efi] 1.250/ 1.260 1.250/ 1.260

*eexkk Virtual cylindrical gear toothing *xxxx*

Pressure angle at normal section (°) [alfvn] 20.0000

Pressure angle at pitch circle (°) [alfvt] 22.7959

Helix angle at reference circle (°) [betv] 30.0000

Base helix angle (°) [betvb] 28.0243

Virtual centre distance (mm) [av] 285.774

Working transverse pressure angle (°) [alfvwt] 22.7959

Number of teeth [zv] 49.497 49.497
Gear ratio [uv] 1.000

Generating Profile shift coefficient [xvE.efi] -0.0261/ -0.0398 -0.0261/ -0.0398
Theoretical tip clearance (mm) [c] 1.250 1.250
Effective tip clearance (mm) [c.eli] 1.250/ 1.260 1.250/ 1.260
Reference diameter (mm) [dv] 285.774 285.774
Base diameter (mm) [dvb] 263.452 263.452
Tip diameter (mm) [dva] 295.774 295.774
Tip form diameter (mm) [dvFa] 295.774 295.774
Active tip diameter (mm) [dvNa] 295.774 295.774
Operating pitch diameter (mm) [dvw] 285.774 285.774
Root diameter (mm) [dvf] 273.274 273.274
Root form diameter (mm) [dvFf] 276.799 276.799
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Active root diameter (mm)

Reserve (dNf-dFf)/2 (mm)

Normal-tooth thickness at tip circle (mm)
Normal-tooth thickness on tip form circle (mm)
Virtual gear no. of teeth

Maximum sliding speed at tip (m/s)

Pitch on reference circle (mm)

Base pitch (mm)

Transverse pitch on contact-path (mm)
Length of path of contact (mm)

Virtual cylindrical gear toothing (
1ISO 10300:2001, Annex A):
Referenced to facewidth
Transverse contact ratio
Overlap ratio
Total contact ratio

(DIN 3991: epsva = 1.419, epsvb =

Characteristic values for sizing

2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)

Axial force (N)
Radial force (N)
Normal force (N)
Axial force (%)
Radial force (%)

Remarks:

Forces if rotation goes in opposite direction (drive side):
Axial force (N)

Radial force (N)

Normal force (N)

Axial force (%)

Radial force (%)

Tangent.load at p.c.d.per mm (N/mm) (N/mm)
Circumferential speed reference circle (m/s)
Singular tooth stiffness (N/mm*um)

Meshing stiffness (N/mm*um)

Single pitch deviation (um)

Running-in value y.a (um)

Profile form deviation (um)

Reduced mass (kg/mm)

Resonance speed (min-1)

Under critical range - resonance ratio
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[dvNf] 277.446 2
[cF] 0.324
[svan] 3.986
[svFan] 3.986
[zvn] 73.346
[vga] 0.176
[pvt] 18.138
[pvbt] 16.721
[pvet] 16.721
[gva] 23.721
[bveff] 46.000
[epsva] 1.419
[epsvb] 1.464
[epsvg] 2.039
2.663)
[Re2/b2] 3.606
[b2/mmn] 9.200
------- GEAR 1 -------- GEAR 2 -------
[Fmt] 989.7
Coast side

[Fa] -109.9

[Fr] 698.2

[Fnorm] 1216.2

[Fa/Ft] -11.107

[FriFt] 70.543

[Fa] 698.2

[Fr] -109.9

[Fnorm] 1216.2

[Fa/Ft) 70.543

[FriFt) -11.107

[w] 25.31

V] 1.06

[c] 4.43

[ca] 6.33

[fp] 13.00

[ya] 0.97

[ff] 0.00

[mRed] 0.071

[nE1] 2574

[N] 0.039

77.446
0.324
3.986
3.986

73.346
0.176

989.7

698.2
-109.9
1216.2
70.543
-11.107

-109.9
698.2
1216.2
-11.107
70.543

1.06

13.00

0.00
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Dynamic factor [KV] 1.04
Mounting factor [KHbbe] 1.25
Face load factor - flank [KHb] 1.88
- Tooth root [KFb] 1.88
- Scuffing [KBb] 1.88
Transverse load factor - flank [KHa] 1.45
- Tooth root [KFa] 1.45
- Scuffing [KBa] 1.45
Helical load factor scuffing [Kbg] 1.25
Number of load cycles (in mio.) [NL] 48.000 48.000

3. TOOTH ROOT STRENGTH

------- GEAR 1 -------- GEAR 2 -------

Calculation of Tooth form coefficients according method: C
Manufacture process: generated
Calculated with profile shift [X] 0.00 0.00
Tooth form factor [YF] 2.24 2.24
Stress correction factor [YS] 1.76 1.76
Bending lever arm (mm) [hF] 9.47 9.47
Working angle (deg) [alfh] 23.23 23.23
Tooth thickness at root (mm) [sFn] 11.12 11.12
Tooth root radius (mm) [roF] 2.43 2.43
(hF*= 1.894/1.894 sFn*= 2.225/2.225 roF*= 0.487/0.487)
Contact ratio factor [Yeps] 0.66
Helix angle factor [Ybet] 0.75
Effective facewidth (mm) [b] 39.10 39.10
Bevel gear factor (root) [YK] 1.000
Nominal stress at tooth root (N/mm?) [sigFO] 9.91 9.91
Tooth root stress (N/mm?) [sigF] 35.05 35.05
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 0.998 0.998
Surface factor [YRrelT] 0.957 0.957
size factor (Tooth root) [YX] 1.000 1.000
Finite life factor [YNT] 1.000 1.000

[YdrelT*YRrelT*YX*YNT] 0.955 0.955
Alternating bending factor (mean stress influence coefficient)

[YM] 1.000 1.000

Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm?) [SigFE] 860.00 860.00
Permissible tooth root stress (N/mm?) [sigFP=sigFG/SFmin] 586.49 586.49
Limit strength tooth root (N/mm?2) [sigFG] 821.09 821.09
Required safety [SFmin] 1.40 1.40

4. SAFETY AGAINST PITTING (TOOTH FLANK)
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------- GEAR 1 -------- GEAR 2 -------

Zone factor [zH] 2.22
Elasticity coefficient (YN/mm) [ZE] 189.81
Contact ratio factor [Zeps] 0.840
Helix angle factor [Zbet] 0.931
Bevel gear factor (flank) [zK] 0.850
Nominal flank pressure (N/mm?) [sigHO] 117.96
Effective flank pressure (N/mm?) [sigH] 221.88
Lubrication coefficient at NL [zL] 0.921 0.921
Speed coefficient at NL [ZV] 0.955 0.955
Roughness coefficient at NL [ZR] 0.990 0.990
Work hardening factor at NL [ZW] 1.000 1.000
Finite life factor [ZNT] 1.003 1.003

[ZL*ZV*ZR*ZNT] 0.874 0.874
Small no. of pittings permissible: no
Size factor (flank) [ZX] 1.000 1.000
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmIin]  1311.21 1311.21
Limit strength pitting (N/mm?) [sigHG] 1311.21 1311.21
Safety for surface pressure at operating pitch circle [SHwW] 5.91 5.91
Single tooth contact factor [ZB/ZD] 1.00 1.00
Flank pressure (N/mm3) [sigHB/D] 221.88 221.88
5. STRENGTH AGAINST SCUFFING
Calculation method according to

DIN 3990:1987

The calculation of load capacity for scuffing does not cover grease.
The FZG-Test stage [FZGtestA] is only estimated
for grease.
The calculation can only serve as a rough guide.!
Lubrication coefficient (for lubrication type) [XS] 1.200
Relative structure coefficient (Scuffing) [XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 2.00 2.00
Optimal tip relief (um) [Ceff] 4.25
Cataken as optimal in the calculation (0=no, 1=yes) 0 0
Effective facewidth (mm) [beff] 39.100
Applicable circumferential force/facewidth (N/mm)

[wBt] 111.850
Angle factor [Xalfbet] 0.992
(€1:0.709, €2:0.709)
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 0.00
theM-B = theoil + XS*0.47*theflamax [theflamax] 0.00
Scuffing temperature (°C) [theS] 0.00
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0.0 °C)

70.0 °C)

-0.095/ -0.145

7.853
7.758 /1 7.708
5.030

9.118
9.007/ 8.949
5.835

48.00
35.00
22.00
53.00
16.00

Coordinate gamma (point of highest temp.) [Gamma] 0.000
[Gamma.A]=-0.214 [Gamma.E]=0.214
Highest contact temp. (°C) [theB] 0.00
Geometry factor [XB] 0.000
Load sharing factor [XGam] 0.000
Dynamic viscosity (mPa*s) [etaM] 9.55 (
Coefficient of friction [mym] 0.059
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 70.97
theM-C = theoil + XS*0.70*theflaint [theflaint] 1.16
Integral scuffing temperature (°C) [theSint] 280.20
Flash factor (°K*N/-.75*s.5*m”-.5*mm) [XM] 50.058
Contact ratio factor [Xeps] 0.303
Dynamic viscosity (mPa*s) [etaOil] 9.55 (
Mean coefficient of friction [mym] 0.059
Geometry factor [XBE] 0.154
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.008
Integral tooth flank temperature (°C) [theint] 72.71
6. ALLOWANCES FOR TOOTH THICKNESS
------- GEAR 1 -------- GEAR 2 -------
Tooth thickness deviation DIN 3967 cd25 DIN 3967 cd25
Tooth thickness allowance (normal section) (mm) [As.eli] -0.095/ -0.145
The following data apply on the middle of the facewidth (1SO23509):
Tooth thickness (chordal) in pitch diameter (mm) [smnc] 7.853
(mm) [smnc.eli] 7.758/ 7.708
Reference chordal height from dam (mm) [hamc] 5.030
The following indications are valid for the outer end of the facewidth:
Tooth thickness (chordal) in pitch diameter (mm) [senc] 9.118
(mm) [senc.eli] 9.007/ 8.949
Reference chordal height from dae (mm) [haec] 5.835
Circumferential backlash (mm) [imt] 0.329/ 0.215
(mm) [iet] 0.381/ 0.250
Normal backlash (mm) [imn] 0.273/ 0.179
(mm) [ien] 0.316/ 0.207
7. GEAR ACCURACY
——————— GEAR 1 -------- GEAR 2 --
According to DIN 3965:1986:
Accuracy grade [Q-DIN3965] 6
Total cumulative pitch deviation (um) [Fp] 48.00
Runout (um) [Fr] 35.00
Single flank composite, tooth-to-tooth (um) [fi 22.00
Single flank composite, total (um) [Fi' 53.00
Adjacent pitch difference (um) [fu] 16.00
Single pitch deviation (um) [fp] 13.00
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9. DETERMINATION OF TOOTH FORM

Data for the tooth form calculation :
Data not available.

10. ADDITIONAL DATA

Input data for calculating the gear measurements according to ISO 23509:2006
Data of type 1 (according to table 3, 1ISO 23509:2006):
xhmi1= 0.0000 khap= 1.0000 khfp= 1.2500 xsmn= 0.0000
Data of type 2 (according to table 3, 1ISO 23509:2006):
cham= 0.5000 kd= 2.0000 kc= 0.1250 kt= 0.0000
Coefficient of friction (

(Input)) [mum] 0.070
Wear sliding coef. by Niemann [zetw] 0.501
Gear power loss (KW) [PVZ] 0.005
Meshing efficiency (%) [etaz] 99.478
Weight - calculated with da (kg) [Mass] 8.825 8.825

11. SERVICE LIFE, DAMAGE

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

Service life (calculated with required safeties):

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

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

Damage calculated on basis of required service life

[H] ( 8000.0 h)
No. F1% F2% H1% H2%
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
REMARKS:
- Specifications with [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance

- Positive sign set for the apexes (tzF,tzR) means: Apex before the centerline. According to ISO 23509.

End of Report lines: 517
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KISSsoft Release  03/2015 F

KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: Maca on: 13.05.2016 at: 13:34:43
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) 254.000
Speed (1/min) 100.00
Sense of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10"-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 10.457
Weight of shaft, including additional masses (kg) 10.457
Mass moment of inertia (kg*mm?) 8831.261
Momentum of mass GD2 (Nm?) 0.347

W eight towards (
Consider deformations due to shearing

Shear correction coefficient

Contact angle of rolling bearings is considered
Tolerance field: Mean value

Reference temperature (°C)

1.100

20.000

0.000, 0.000, -1.000)
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Figure: Load applications

Shaft definition

(Shaft1)

Outer contour
Cylinder (Cylinder)

0.000mm ...
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44.000mm

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

Cylinder (Cylinder)

[d]
Ui
[RZ]

90.0000
44.0000
8.0000

44.000mm ...

254.000mm

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

Forces

Type of force element

Label in the model
Position on shaft (mm)

Position in global system (mm)

Coast flank is active.

Operating pitch diameter (mm)

Helix angle (°)
Pitch angle (°)

[d
U
[R7]

80.0000
210.0000
8.0000

[Viocall
[Vgiobal

Working pressure angle at normal section (°)

Position of contact (°)
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Bevel gear
BevelGearl(GearPair_constl)
17.0000
17.0000

202.0726
30.0000 right
45.0000 Tip to the left
20.0000

0.0000



Facewidth (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Bending moment X (Load spectrum) (Nm)
Bending moment Z (Load spectrum) (Nm)
Load spectrum, driven (input)

No. Frequency (%) Speed (1/min) Power (kW)
1 3.0000e+001 200.000 -46.077
2 2.0000e+001 300.000 -31.416
3 2.0000e+001 -300.000 31.416
4 3.0000e+001 2000.000 -20.944

Type of force element

Label in the model

Position on shaft (mm) [Viocall

Position in global system (mm) [Vgioball

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 (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

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)

Load spectrum, driven (input)

No. Frequency (%) Speed (1/min) Power (kW)
1 3.0000e+001 200.000 46.077
2 2.0000e+001 300.000 31.416
3 2.0000e+001 -300.000 -31.416
4 3.0000e+001 2000.000 20.944

Bearing

Label in the model

Bearing type

Bearing type

Bearing position (mm) [Viokall

Bearing position (mm) [Vgiobal

Attachment of external ring

Inner diameter (mm) [d]
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46.0000

1.0472

100.0000
15360.2545 /
2418.4303/
21774.3530 /
-0.0000 /
1551.9432/
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6981.9338/
1099.2865 /
9897.4332/
-0.0000 /
705.4287 /

Torque (Nm)
-2200.000
-1000.000
-1000.000
-100.000
Coupling
Couplingl(Boundaryl)
240.0000
240.0000
0.0000
0.0000
0.0000
0.0000
20.0000
1.0472
100.0000
0.0000 / 0.0000 /
0.0000 / 0.0000 /
0.0000 / 0.0000 /
0.0000
0.0000
0.0000
0.0000
0.0000
Torque (Nm)
2200.000
1000.000
1000.000
100.000
RollerBearingl
SKF 32016 XIQ
Taper roller bearing (single row)
188.000
188.000
Set fixed bearing left
80.000

6981.9338
1099.2865
9897.4332
-0.0000
705.4287

0.0000
0.0000
0.0000



KISSsoFT

Caleslation programs for machine design

External diameter (mm) [D] 125.000
Width (mm) [b] 29.000
Corner radius (mm) [r] 1.500

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm) 200.5000
Basic static load rating [Col 216.000
Basic dynamic load rating [C] 138.000
Fatigue load rating [Cu] 24.500
Values for approximated geometry:
Basic dynamic load rating (kN) [Cineol 0.000
Basic static load rating (kN) [Cotheol 0.000
Label in the model RollerBearing2
Bearing type SKF 32016 XIQ
Bearing type Taper roller bearing (single row)
Bearing position (mm) [Yiokal] 59.000
Bearing position (mm) [Vgioball 59.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 80.000
External diameter (mm) [D] 125.000
Width (mm) [b] 29.000
Corner radius (mm) [ 1.500

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm) 46.5000
Basic static load rating [Co] 216.000
Basic dynamic load rating [C] 138.000
Fatigue load rating [Cu] 24.500
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheo] 0.000
Basic static load rating (kN) [Cotheol 0.000
Results

Note: the maximum deflection and twisting of the shaft under torque, <br>the service life coefficient alSO and the bearing's thinnest
lubricant film thickness EHL are<br>predefined for the first load bin.

Shaft

Maximum deflection (mm) 0.018

Position of the maximum (mm) 0.000

Mass center of gravity (mm) 122.381

Total axial load (N) -109.929

Torsion under torque (°) 0.084

Bearing

Probability of failure [n] 10.00 %

Axial clearance [ual 10.00 um

Rolling bearings, classical calculation (contact angle considered)
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Shaft 'Shaftl' Rolling bearing 'RollerBearingl’

Position (Y-coordinate) [yl 188.00 mm
Life modification factor for reliability[a;] 1.000
Service life [Lon] 636037.03 h
Static safety factor [So] 19.02
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 10.541 4.055 4.222 52.770 0.000
2 4,791 1.847 1.946 24.331 0.000
3 4.791 1.847 1.946 24.331 0.000
4 0.479 0.191 0.240 3.002 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) ux (mrad) uy (mrad)
1 0.0000 10.5052 0.0000 0.025 1.111
2 0.0000 10.2301 -0.0000 0.011 0.505
3 0.0000 10.2301 -0.0000 0.011 0.505
4 0.0000 10.0238 0.0000 0.001 0.050
Shaft 'Shaftl' Rolling bearing 'RollerBearing2'
Position (Y-coordinate) vl 59.00 mm
Life modification factor for reliability[a;] 1.000
Service life [Lnn] 16640.43 h
Static safety factor [So] 7.20
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -12.959 -19.416 -25.893 323.667 0.000
2 -5.891 -8.829 -11.741 146.767 0.000
3 -5.891 -8.829 -11.741 146.767 0.000
4 -0.589 -0.890 -1.127 14.091 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) ux (mrad) uy (mrad)
1 0.0000 10.0000 0.0000 -0.075 0.220
2 0.0000 10.0000 -0.0000 -0.034 0.100
3 0.0000 10.0000 -0.0000 -0.034 0.100
4 0.0000 10.0000 0.0000 -0.003 0.010
Damage (%) [H] ( 8000.000)
No. B1 B2
1 0.70 41.80
2 0.16 3.02
3 0.16 3.02
4 0.24 0.24

2 1.26 48.08

Utilization, with reference to the required service life [H] (8000.000)
B1 B2
0.27 0.80

B1: RollerBearingl

B2: RollerBearing2
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Mz (Nm)
-131.760
-59.891
-59.891
-5.989

uz (mrad)
-0.063
-0.028
-0.028
-0.003

Mz (Nm)
-161.991
-73.632
-73.632
-7.363

uz (mrad)
0.190
0.086
0.086
0.009
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Displacement [mm)]

— Components - Y-component

] — Components - Arbitrary plane
0.015-
0.0104 \.— -
0.005

0_:37._¢_ - -
LN /] ;\‘ I / T /1 1 I
0 120 1 240

Axial direction Y [mm]

Figure: Deformation (bending etc.) (Arbitrary plane 27.41084708 120)
Stress [N/mm?2]

— Equivalent stress (GEH)

63.0—_ — Equivalent stress (SSH)

56.0
49.0-
42.0-
35.0-
2.0 |
21.0+
14.0-

7.0/,

0 “ |60 120 180 240
I ial directionv[n@i;]

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

End of Report lines: 248
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KISSsoft Release  03/2015 F

KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: Maca on: 13.05.2016 at: 13:34:45
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft2
Drawing
Initial position (mm) 0.000
Length (mm) 243.000
Speed (1/min) 100.00
Sense of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (10"-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 13.310
Weight of shaft, including additional masses (kg) 13.310
Mass moment of inertia (kg*m?) 0.015
Momentum of mass GD2 (Nm?) 0.600
W eight towards ( 0.000, 0.000, -1.000)
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Tolerance field: Mean value
Reference temperature (°C) 20.000
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Figure: Load applications

Shaft definition (Shaft2)

Outer contour

Cylinder (Cylinder) 0.000mm ... 49.000mm
Diameter (mm) [d] 110.0000

Length (mm) [n 49.0000

Surface roughness (um) [RZ] 8.0000

Cylinder (Cylinder) 49.000mm ... 243.000mm
Diameter (mm) [d] 90.0000

Length (mm) [ 194.0000

Surface roughness (um) [Rz] 8.0000

Forces

Type of force element Bevel gear

Label in the model BevelGear2(GearPair_constl)
Position on shaft (mm) [Viocall 16.0000

Position in global system (mm) [Vgiobal 16.0000

Drive flank s active.

Operating pitch diameter (mm) 202.0726

Helix angle (°) 30.0000 left

Pitch angle (°) 45.0000 Tip to the left

Working pressure angle at normal section (°) 20.0000

Position of contact (°) 180.0000
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Facewidth (mm) 46.0000
Power (kW) 1.0472
Torque (Nm) 100.0000
Axial force (load spectrum) (N) -2370.0617 / -1077.3008 /
Shearing force X (load spectrum) (N) 15053.0494 / 6842.2952 /
Shearing force Z (Load spectrum) (N) -21338.8660 / -9699.4845 /
Bending moment X (Load spectrum) (Nm) 0.0000 / 0.0000 /
Bending moment Z (Load spectrum) (Nm) 239.4623/ 108.8465 /
Load spectrum, driven (input)
No. Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)

1 3.0000e+001 -200.000 45.155 -2156.000

2 2.0000e+001 -300.000 30.788 -980.000

3 2.0000e+001 300.000 -32.057 -1020.408

4 3.0000e+001 -2000.000 20.525 -98.000
Type of force element

Bevel gear

Label in the model BevelGear3(GearPair_const2)
Position on shaft (mm) [Viocall 227.0000
Position in global system (mm) [Vgioball 227.0000
Coast flank is active.
Operating pitch diameter (mm) 202.0726
Helix angle (°) 30.0000 left
Pitch angle (°) 45.0000 Tip to the right
Working pressure angle at normal section (°) 20.0000
Position of contact (°) 180.0000
Facewidth (mm) 46.0000
Power (kW) 1.0472
Torque (Nm) 100.0000
Axial force (load spectrum) (N) 2370.0617/ 1077.3008 /
Shearing force X (load spectrum) (N) 15053.0494 / 6842.2952 /
Shearing force Z (Load spectrum) (N) 21338.8660 / 9699.4845 /
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000/
Bending moment Z (Load spectrum) (Nm) -239.4623 / -108.8465 /
Load spectrum, driven (input)
No. Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)

1 3.0000e+001 -200.000 -45.155 2156.000

2 2.0000e+001 -300.000 -30.788 980.000

3 2.0000e+001 300.000 32.057 1020.408

4 3.0000e+001 -2000.000 -20.525 98.000
Bearing
Label in the model RollerBearing3
Bearing type SKF 32018 X/Q
Bearing type Taper roller bearing (single row)
Bearing position (mm) [Viokall 65.000
Bearing position (mm) [Vgiobal 65.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 90.000
External diameter (mm) [D] 140.000
Width (mm) [b] 32.000
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-1121.7209
7124.4223
-10099.4216
0.0000
113.3345

1121.7209
7124.4223
10099.4216
-0.0000
-113.3345
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Corner radius (mm) [r] 2.000
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 51.0000
Basic static load rating [Col 270.000
Basic dynamic load rating [C] 168.000
Fatigue load rating [Cu] 31.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheol 0.000
Basic static load rating (kN) [Cotheo] 0.000

Label in the model
Bearing type
Bearing type

RollerBearing4
SKF 32018 X/Q
Taper roller bearing (single row)

Bearing position (mm) [Viokal] 187.000
Bearing position (mm) [Vgioball 187.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 90.000
External diameter (mm) [D] 140.000
Width (mm) [b] 32.000
Corner radius (mm) [ 2.000
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 201.0000
Basic static load rating [Co] 270.000
Basic dynamic load rating [C] 168.000
Fatigue load rating [Cu] 31.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheo] 0.000
Basic static load rating (kN) [Cotheo] 0.000
Results

Note: the maximum deflection and twisting of the shaft under torque, <br>the service life coefficient alSO and the bearing's thinnest
lubricant film thickness EHL are<br>predefined for the first load bin.

Shaft

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

Torsion under torque (°)

0.009
0.000
112.716
808.122
0.047

Bearing
Probability of failure [n]
Axial clearance [ual

10.00 %
10.00  pm

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft2' Rolling bearing 'RollerBearing3'

Position (Y-coordinate) [yl
Life modification factor for reliability[a;]

Service life [Lan]
Static safety factor [So]
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Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -15.956 -12.165 30.094 -421.309 0.000
2 -7.253 -5.543 13.721 -192.091 0.000
3 -7.552 -5.770 14.283 -199.967 0.000
4 -0.725 -0.576 1.441 -20.177 0.000
Displacement of bearing Misalignment of bearing
ux (pm) uy (pm) uz (um) ux (mrad) uy (mrad)
1 0.0000 -11.3531 0.0000 0.044 0.130
2 0.0000 -10.6163 0.0000 0.020 0.059
3 0.0000 -10.6416 0.0000 0.021 0.062
4 0.0000 -10.0637 0.0000 0.002 0.006

Shaft 'Shaft2' Rolling bearing 'RollerBearing4'

Position (Y-coordinate) vl 187.00 mm
Life modification factor for reliability[a;] 1.000
Service life [Lon] 53035.98 h
Static safety factor [So] 8.15

Bearing reaction force Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -14.150 12.165 -29.963 -419.481 0.000
2 -6.432 5.543 -13.590 -190.263 0.000
3 -6.697 5.770 -14.153 -198.139 0.000
4 -0.643 0.576 -1.311 -18.350 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) ux (mrad) uy (mrad)
1 -0.0000 -10.0000 0.0000 0.026 0.645
2 -0.0000 -10.0000 0.0000 0.012 0.293
3 -0.0000 -10.0000 0.0000 0.012 0.305
4 0.0000 -10.0000 -0.0000 0.001 0.029
Damage (%) [H] ( 8000.000)
No. Bl B2
1 14.10 12.86
2 1.03 0.92
3 1.17 1.06
4 0.24 0.24
> 16.54 15.08
Utilization, with reference to the required service life
[H]( 8000.000)
B1 B2
0.58 0.57

B1: RollerBearing3
B2: RollerBearing4

31/32

KISSsoFT

Caleslation programs for machine design

Mz (Nm)
-223.387
-101.540
-105.726

-10.154

uz (mrad)
0.068
0.031
0.032
0.003

Mz (Nm)
198.098
90.045
93.757
9.004

uz (mrad)
-0.061
-0.028
-0.029
-0.003
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Displacement [mm]

e, —— Components - Y-component
. — Components - Arbitrary plane

Ll 1 T

L L |
0 40 80 120 160
Axial direction Y [mm]

I I
200 240

Figure: Deformation (bending etc.) (Arbitrary plane 319.6931837 120)
Stress [N/mm2]

45.0
40.0—
35.0

— Equivalent stress (GEH)
— Equivalent stress (SSH)

30.0-
25.0—
20.0 . ff

15.0
10.0

5.0-/ \

71T "1 T T
0.7 40 80 120 160 200 - 240
' © | Axial direction Y [mm]  ®

777777 777777

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

End of Report lines: 247
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File
Name : Varianta |
Changed by: Maca on: 15.05.2016 at: 17:07:17
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) 0.000
Length (mm) 492.000
Speed (1/min) 243.50
Sense of rotation: clockwise
Material C45(1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 25.095
(Notice: Weight stands for the shaft only without considering the gears)
Weight of shaft, including additional masses (kg) 35.259
Mass moment of inertia (kg*m?) 0.120
Momentum of mass GD2 (Nm?) 4.726
Position in space (°) 0.000

Regard gears as masses

Consider deformations due to shearing

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

Reference temperature (°C) 20.000
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Figure: Load applications
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Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 32.000mm
Diameter (mm) [d] 128.5000

Length (mm) [n 32.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 32.000mm ... 187.500mm
Diameter (mm) [d] 110.0000

Length (mm) [n 155.5000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 187.500mm ... 450.000mm
Diameter (mm) [d] 102.0000

Length (mm) [ 262.5000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 450.000mm ... 492.000mm
Diameter (mm) [d] 100.0000

Length (mm) Mn 42.0000

Surface roughness (um) [Rz] 8.0000

Inner contour

Cone inside (Conical bore) 0.000mm ... 95.000mm
Diameter left (mm) [d]] 70.0000

Diameter right (mm) [dr] 43.0000

Length (mm) Mmn 95.0000

Surface roughness (um) [Rz] 8.0000
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Cone inside (Conical bore) 95.000mm ... 115.000mm
Diameter left (mm) [d]] 43.0000
Diameter right (mm) [dr] 56.0000
Length (mm) Mm 20.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 115.000mm ... 117.000mm
Diameter left (mm) [dn] 56.0000
Diameter right (mm) [dy] 49.0000
Length (mm) Mm 2.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 117.000mm ... 125.000mm
Diameter (mm) [d] 49.0000
Length (mm) 1] 8.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 125.000mm ... 136.000mm
Diameter (mm) [d] 49.5000
Length (mm) Mm 11.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 136.000mm ... 163.000mm
Diameter left (mm) [di] 49.5000
Diameter right (mm) [dr] 40.0000
Length (mm) [n 27.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 163.000mm ... 311.000mm
Diameter (mm) [d] 40.0000
Length (mm) [n 148.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 311.000mm ... 446.000mm
Diameter (mm) [d] 64.0000
Length (mm) [n 135.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 446.000mm ... 486.000mm
Diameter (mm) [d] 70.0000
Length (mm) [ 40.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 486.000mm ... 492.000mm
Diameter left (mm) [d]] 70.0000
Diameter right (mm) [dr] 72.0000
Length (mm) [ 6.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element
Bevel gear
Label in the model Bevel gear / hypoid gear
Position on shaft (mm) Vocall 355.0000
Position in global system (mm) [vgloball 355.0000
Drive flank is active.
Operating pitch diameter (mm) 220.5000
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Helix angle (°)
Pitch angle (°)

Working pressure angle at normal section (°)

Position of contact (°)

Facewidth (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Bending moment X (Load spectrum) (Nm)
Bending moment Z (Load spectrum) (Nm)
Load spectrum, driven (input)

Power (kW)

No. Frequency (%) Speed (1/min)
1 3.0000e+001 243.500 50.999
2 2.0000e+001 300.000 31.416
3 2.0000e+001 -300.000 -31.416
4 3.0000e+001 2000.000 20.944

Type of force element

Label in the model

Position on shaft (mm) [Viocall

Position in global system (mm) [ygloball

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Bending moment X (Load spectrum) (Nm)
Bending moment Z (Load spectrum) (Nm)
Load spectrum, driving (output)

KISSsoFT
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30.0000 left
20.0000 Tip to the left
20.0000
0.0000
46.0000
50.9985
2000.0000
12449.4306 / 6224.7153 /
-3582.1392 / -1791.0696 /
-18140.5896 / -9070.2948 /
-0.0000 / -0.0000 /
1372.5497 / 686.2749 /

Torque (Nm)

2000.000
1000.000
1000.000

100.000

Eccentric force

Eccentric load_1
-124.0000

-124.0000
0.0000
80.0000
0.0000
50.9985
-2000.0000
15000.0000 / 0.0000/
-25000.0000 / -0.0000 /
20000.0000/ 0.0000/
-1200.0000 / -0.0000 /
0.0000/ 0.0000/

Power (kW) Torque (Nm) Force (%)

No. Frequency (%) Speed (1/min)
1 3.0000e+001 243.500 -50.999
2 2.0000e+001 299.992 -0.000
3 2.0000e+001 -299.992 0.000
4 3.0000e+001 2000.012 -0.000

Type of force element

Label in the model

Position on shaft (mm) Vocall

Position in global system (mm) [Ygloball

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Bending moment X (Load spectrum) (Nm)
Bending moment Z (Load spectrum) (Nm)

4/9

-2000.000
-0.000
-0.000
-0.000

100.000
0.000
0.000
0.000

Eccentric force

Eccentric load_2
-124.0000

-124.0000
0.0000
80.0000
0.0000
25.4993
-1000.0000
0.0000/ 7500.0000 /
-0.0000 / -12500.0000 /
0.0000/ 11250.0000/
-0.0000 / -600.0000 /
0.0000/ 0.0000/

6224.7153
-1791.0696
-9070.2948

-0.0000
686.2749

0.0000
-0.0000
0.0000
-0.0000
0.0000

0.0000
-0.0000
0.0000
-0.0000
0.0000
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Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 299.992 -31.415 -1000.000 100.000
3 2.0000e+001 -299.992 0.000 -0.000 0.000
4 3.0000e+001 2000.012 -0.000 -0.000 0.000

Type of force element
Eccentric force

Label in the model Eccentric load_3

Position on shaft (mm) Viocall -124.0000

Position in global system (mm) [vgloball -124.0000

Center point of load application, X-coordinate (mm) 0.0000

Center point of load application, Z -coordinate (mm) 80.0000

Length of load application (mm) 0.0000

Power (kW) 25.4993

Torque (Nm) -1000.0000

Axial force (load spectrum) (N) 0.0000/ 0.0000/ 7500.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -12500.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 10000.0000
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000 / -600.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 299.992 -0.000 -0.000 0.000
3 2.0000e+001 -299.992 31.415 -1000.000 100.000
4 3.0000e+001 2000.012 -0.000 -0.000 0.000

Type of force element
Eccentric force

Label in the model Eccentric load_4

Position on shaft (mm) [Vlocall -85.0000

Position in global system (mm) [Vgloball -85.0000

Center point of load application, X-coordinate (mm) 0.0000

Center point of load application, Z -coordinate (mm) 10.0000

Length of load application (mm) 0.0000

Power (kW) 2.5499

Torque (Nm) -100.0000

Axial force (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -0.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000 / -0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 299.992 -0.000 -0.000 0.000
3 2.0000e+001 -299.992 0.000 -0.000 0.000
4 3.0000e+001 2000.012 -20.944 -100.000 100.000

Bearing

Label in the model Roller bearing_2
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Bearing type SKF 33020/Q
Bearing type Taper roller bearing (single row)
Bearing position (mm) [Viokall 469.500
Bearing position (mm) [vgloball 469.500
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 150.000
Width (mm) [b] 39.000
Corner radius (mm) [r] 2.000
Number of rolling bodies [2] 31
Rolling body reference circle (mm) [Dpwl 125.413
Diameter rolling body (mm) [Dw] 12.319
Rolling body length (mm) [Lwel 26.194
Distance a (mm) [a] 29.000
Diameter, external race (mm) [do] 137.527
Diameter, internal race (mm) [di] 113.298
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
Tolerance field Mean value
Tolerance DIN 620:1988 PN Taper roller bearing
Tolerance shaft k6, 100.014 mm (min = 100.003 mm , max = 100.025 mm)
Tolerance hub H7, 150.020 mm (min = 150.000 mm , max = 150.040 mm)

Rzl = 8.00 um (Roughness shaft/hub in contact with inner ring)
RzO = 8.00 um (Roughness shaft/hub in contact with outer ring )
Change of diametral clearance due to: n = 0 (1/min)

Interference fit -12.76 ym

Temperature -17.40 ym

Total bearing clearance change -12.76 pm, ni = 243.5 (1/min), no = 0 (1/min)

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm)  479.0000
Basic static load rating [Co] 390.000
Basic dynamic load rating [C] 224.000
Fatigue load rating [Cu] 41.500
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 224.052
Basic static load rating (kN) [Cotheo] 390.025
Label in the model Roller bearing_1
Bearing type SKF 32022 X/IQ
Bearing type Taper roller bearing (single row)
Bearing position (mm) [Viokall 55.000
Bearing position (mm) [Ygloball 55.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 110.000
External diameter (mm) D] 170.000
Width (mm) [b] 38.000
Corner radius (mm) [r] 2.500
Number of rolling bodies [2] 28
Rolling body reference circle (mm) [Dpwl 140.462
Diameter rolling body (mm) [Dw] 14.000
Rolling body length (mm) [Lwel 26.010
Distance a (mm) [a] 36.000
Diameter, external race (mm) [do] 154.009
Diameter, internal race (mm) [di] 126.915
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

Tolerance field Mean value
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Tolerance DIN 620:1988 PN Taper roller bearing
Tolerance shaft k6, 110.014 mm (min = 110.003 mm , max = 110.025 mm)
Tolerance hub H7, 170.020 mm (min = 170.000 mm , max = 170.040 mm)

Rzl = 8.00 um (Roughness shaft/hub in contact with inner ring)
RzO = 8.00 um (Roughness shaft/hub in contact with outer ring )
Change of diametral clearance due to: n = 0 (1/min)

Interference fit -14.08 ym
Temperature -19.20 pm
Total bearing clearance change -14.08 pm, ni =243.5 (1/min), no = 0 (1/min)
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  38.0000
Basic static load rating [Co] 390.000
Basic dynamic load rating [C] 233.000
Fatigue load rating [Cul 42.500
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 233.087
Basic static load rating (kN) [Cotheo] 390.039
Shaft 'Shaft 1': The mass of the following element is taken into account (y= 355.0000 (mm)): Bevel gear ‘Bevel gear / hypoid
gear'
m (yS= 355.6536 (mm)): 10.1643 (kg)
Jp: 0.0752 (kg*m?), Jxx: 0.0392 (kg*m?), Jzz: 0.0392 (kg*m?)
Results

Note: the maximum deflection and twisting of the shaft under torque, <br>the service life coefficient alSO and the bearing's thinnest lubricant
film thickness EHL are<br>predefined for the first load bin.

Shaft

Maximum deflection (mm) 0.091
Position of the maximum (mm) 258.071
Mass center of gravity (mm) 215.552
Total axial load (N) 48449.431
Torsion under torque (°) 0.043
Bearing

Probability of failure [n] 10.00 %
Axial clearance [ual 10.00 um

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_2'

Position (Y-coordinate) [yl 469.50 mm
Life modification factor for reliability[a] 1.000
Service life [Lhn] 238381.73 h
Minimum EHL lubricant film thickness [hmin] 1.930 um
Static safety factor [Sol 16.98
Reference rating service life [Larhl 564895.73 h

Bearing reaction force Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 -3.079 5.481 22.755 250.017 0.000 27.214
2 -1.567 3.482 11.931 137.968 0.000 14.259
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3 -1.567 3.389 11.491 133.304 0.000 14.337
4 -2.377 4.736 3.081 34.182 0.000 25.447
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 4.8443 38.3937 -20.1810 0.432 0.742 0.241
2 2.1226 15.9914 -7.7905 0.236 0.371 0.121
3 2.1201 15.9593 -7.4493 0.225 0.371 0.121
4 1.5034 6.0754 -1.7373 0.068 0.037 0.066
Shaft 'Shaft 1' Rolling bearing 'Roller bearing_1"'
Position (Y-coordinate) vl 55.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnhl 12899.97 h
Minimum EHL lubricant film thickness [hmin] 1.932 um
Static safety factor [So] 8.42
Reference rating service life [Lnrn] 41823.01 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)
1 31.661 -32.931 -24.269 609.600 0.000 724.288
2 15.859 -17.206 -13.765 321.162 0.000 349.920
3 15.858 -17.114 -12.075 284.276 0.000 349.932
4 12.556 -11.358 -9.828 210.409 0.000 266.778
Displacement of bearing Misalignment of bearing
ux (um) uy (pm) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 2.4489 33.9355 -7.5611 -0.645 0.076 -0.466
2 0.6457 13.5178 -3.3235 -0.344 0.038 -0.235
3 0.6508 13.5163 -3.3146 -0.321 0.038 -0.235
4 -0.8859 4.3798 0.3450 -0.125 0.004 -0.138

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

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

Damage (%)

No. Bl B2

1 177 42.63
2 0.17 4.05
3 0.16 3.82
4 1.26 11.51
2 3.36 62.02

Utilization, with reference to the required service life
HI (
B1 B2
0.36 0.87

B1: Roller bearing_2
B2: Roller bearing_1

[H] (  8000.000)

8000.000)
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Displacement [mm)]

. — Components - Y-component
0.08— — Components - Arbitrary plane

0.06—
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0_/ HET:
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Axial direction Y [mm]
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Figure: Deformation (bending etc.) (Arbitrary plane 299.8516691 120)
Stress [N/mm?2]

— Equivalent stress (GEH)
55,0__ — Equivalent stress (SSH)
49.0—-
42.0—-
35.0—_/
28.0-
21.0-
14.01 o
7.0 :
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GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT +tauS)"2)"1/2
Figure: Equivalent stress

End of Report lines: 433
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KISSsoft Release 03/2015 F

KISSsoft - student license (not for commercial use)
File

Name : Varianta Il
Changed by: Maca on: 13.05.2016 at: 14:49:32

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

1-> The required service life of bearing 'Shaft 'Shaft 1', Rolling bearing 'Roller bearing_1" is not achieved!
Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 492.000
Speed (1/min) 243.50

Sense of rotation: clockwise

Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 25.095
(Notice: Weight stands for the shaft only without considering the gears)
Weight of shaft, including additional masses (kg) 35.259
Mass moment of inertia (kg*m?) 0.120
Momentum of mass GD2 (Nm?) 4.726
Position in space (°) 0.000

Regard gears as masses

Consider deformations due to shearing

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

Reference temperature (°C) 20.000
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Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 32.000mm
Diameter (mm) [d] 128.5000

Length (mm) [n 32.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 32.000mm ... 187.500mm
Diameter (mm) [d] 110.0000

Length (mm) [n 155.5000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 187.500mm ... 450.000mm
Diameter (mm) [d] 102.0000

Length (mm) [ 262.5000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 450.000mm ... 492.000mm
Diameter (mm) [d] 100.0000

Length (mm) Mn 42.0000

Surface roughness (um) [Rz] 8.0000

Inner contour

Cone inside (Conical bore) 0.000mm ... 95.000mm
Diameter left (mm) [d]] 70.0000

Diameter right (mm) [dr] 43.0000

Length (mm) Mmn 95.0000

Surface roughness (um) [Rz] 8.0000
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Cone inside (Conical bore) 95.000mm ... 115.000mm
Diameter left (mm) [d]] 43.0000
Diameter right (mm) [dr] 56.0000
Length (mm) Mm 20.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 115.000mm ... 117.000mm
Diameter left (mm) [dn] 56.0000
Diameter right (mm) [dy] 49.0000
Length (mm) Mm 2.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 117.000mm ... 125.000mm
Diameter (mm) [d] 49.0000
Length (mm) 1] 8.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 125.000mm ... 136.000mm
Diameter (mm) [d] 49.5000
Length (mm) Mm 11.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 136.000mm ... 163.000mm
Diameter left (mm) [di] 49.5000
Diameter right (mm) [dr] 40.0000
Length (mm) [n 27.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 163.000mm ... 311.000mm
Diameter (mm) [d] 40.0000
Length (mm) [n 148.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 311.000mm ... 446.000mm
Diameter (mm) [d] 64.0000
Length (mm) [n 135.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 446.000mm ... 486.000mm
Diameter (mm) [d] 70.0000
Length (mm) [ 40.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 486.000mm ... 492.000mm
Diameter left (mm) [d]] 70.0000
Diameter right (mm) [dr] 72.0000
Length (mm) [ 6.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element
Bevel gear
Label in the model Bevel gear / hypoid gear
Position on shaft (mm) Viocall 355.0000
Position in global system (mm) [vgloball 355.0000

Drive flank is active.
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Operating pitch diameter (mm)

Helix angle (°)

Pitch angle (°)

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

Facewidth (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Bending moment X (Load spectrum) (Nm)
Bending moment Z (Load spectrum) (Nm)
Load spectrum, driven (input)

No. Frequency (%) Speed (1/min)
1 3.0000e+001 243.500 50.999
2 2.0000e+001 300.000 31.416
3 2.0000e+001 -300.000 -31.416
4 3.0000e+001 2000.000 20.944

Type of force element

Label in the model

Position on shaft (mm) [Viocall

Position in global system (mm) [ygloball

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)
Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

Bending moment X (Load spectrum) (Nm)

Bending moment Z (Load spectrum) (Nm)

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min)
1 3.0000e+001 243.500 -50.999
2 2.0000e+001 299.992 -0.000
3 2.0000e+001 -299.992 0.000
4 3.0000e+001 2000.012 -0.000

Type of force element

Label in the model

Position on shaft (mm) Vocall

Position in global system (mm) [Ygloball

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)
Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

Bending moment X (Load spectrum) (Nm)
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220.5000
30.0000 left
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20.0000 Tip to the left

20.0000
0.0000
46.0000
50.9985
2000.0000
12449.4306 /
-3582.1392 /
-18140.5896 /
-0.0000 /
1372.5497 /

Torque (Nm)

2000.000
1000.000
1000.000

100.000

-2000.000
-0.000
-0.000
-0.000

6224.7153 /
-1791.0696 /
-9070.2948 /

-0.0000 /
686.2749 /

Eccentric force

Eccentric load_1
-124.0000

-124.0000
0.0000
80.0000
0.0000
50.9985
-2000.0000
15000.0000 /
-25000.0000 /
20000.0000/
-1200.0000 /
0.0000/

Power (kW) Torque (Nm) Force (%)

100.000
0.000
0.000
0.000

0.0000/
-0.0000 /
0.0000/
-0.0000 /
0.0000/

Eccentric force

Eccentric load_2
-124.0000

-124.0000
0.0000
80.0000
0.0000
25.4993
-1000.0000
0.0000/
-0.0000 /
0.0000/
-0.0000 /

7500.0000 /

-12500.0000 /
11250.0000 /

-600.0000 /

6224.7153
-1791.0696
-9070.2948

-0.0000
686.2749

0.0000
-0.0000
0.0000
-0.0000
0.0000

0.0000
-0.0000
0.0000
-0.0000
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Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000
Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 299.992 -31.415 -1000.000 100.000
3 2.0000e+001 -299.992 0.000 -0.000 0.000
4 3.0000e+001 2000.012 -0.000 -0.000 0.000

Type of force element
Eccentric force

Label in the model Eccentric load_3

Position on shaft (mm) Viocall -124.0000

Position in global system (mm) [vgloball -124.0000

Center point of load application, X-coordinate (mm) 0.0000

Center point of load application, Z -coordinate (mm) 80.0000

Length of load application (mm) 0.0000

Power (kW) 25.4993

Torque (Nm) -1000.0000

Axial force (load spectrum) (N) 0.0000/ 0.0000/ 7500.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -12500.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 10000.0000
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000 / -600.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 299.992 -0.000 -0.000 0.000
3 2.0000e+001 -299.992 31.415 -1000.000 100.000
4 3.0000e+001 2000.012 -0.000 -0.000 0.000

Type of force element
Eccentric force

Label in the model Eccentric load_4

Position on shaft (mm) [Vlocall -85.0000

Position in global system (mm) [Vgloball -85.0000

Center point of load application, X-coordinate (mm) 0.0000

Center point of load application, Z -coordinate (mm) 10.0000

Length of load application (mm) 0.0000

Power (kW) 2.5499

Torque (Nm) -100.0000

Axial force (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -0.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000 / -0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 299.992 -0.000 -0.000 0.000
3 2.0000e+001 -299.992 0.000 -0.000 0.000
4 3.0000e+001 2000.012 -20.944 -100.000 100.000
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Bearing

Label in the model
Bearing type
Bearing type

Roller bearing_1
FAG B7022-E-T-P4S

KISSsoFT

Cak

culabcan programs for maching derign

Angular contact ball bearing (single row)

Bearing position (mm) [Viokall 52.000
Bearing position (mm) [vgloball 52.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 110.000
External diameter (mm) [D] 170.000
Width (mm) [b] 28.000
Corner radius (mm) [r] 0.000
Number of rolling bodies [2] 19
Rolling body reference circle (mm) [Dpwl 140.000
Diameter rolling body (mm) [Dw] 19.497
Distance a (mm) [a] 47.000
Diameter, external race (mm) [do] 159.588
Diameter, internal race (mm) [di] 120.412
Radius of curvature, external race (mm)
[rol 10.333

Radius of curvature, internal race (mm) [ri] 10.138
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm)  19.0000
Basic static load rating [Col 104.000
Basic dynamic load rating [C] 104.000
Fatigue load rating [Cu] 6.400
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 105.052
Basic static load rating (kN) [Cotheo] 102.854
Label in the model Roller bearing_2
Bearing type FAG B7022-E-T-P4S
Bearing type
Bearing position (mm) [Viokall 80.000
Bearing position (mm) [Vgloball 80.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 110.000
External diameter (mm) D] 170.000
Width (mm) [b] 28.000
Corner radius (mm) [r] 0.000
Number of rolling bodies [2] 19
Rolling body reference circle (mm) [Dpwl 140.000
Diameter rolling body (mm) [Dw] 19.497
Distance a (mm) [a] 47.000
Diameter, external race (mm) [do] 159.588
Diameter, internal race (mm) [di] 120.412
Radius of curvature, external race (mm)

[rol 10.333

Radius of curvature, internal race (mm) [ril 10.138
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm)  47.0000
Basic static load rating [Co] 104.000
Basic dynamic load rating [C] 104.000
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Fatigue load rating [Cu] 6.400
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 105.052
Basic static load rating (kN) [Cotheo] 102.854
Label in the model Roller bearing_3
Bearing type FAG B7022-E-T-P4S
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokall 120.000
Bearing position (mm) [vgloball 120.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 110.000
External diameter (mm) [D] 170.000
Width (mm) [b] 28.000
Corner radius (mm) [r] 0.000
Number of rolling bodies [2] 19
Rolling body reference circle (mm) [Dpwl 140.000
Diameter rolling body (mm) [Dw] 19.497
Distance a (mm) [a] 47.000
Diameter, external race (mm) [do] 159.588
Diameter, internal race (mm) [di] 120.412
Radius of curvature, external race (mm)

[rol 10.333
Radius of curvature, internal race (mm) [ri] 10.138
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 um

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 153.0000
Basic static load rating [Co] 104.000
Basic dynamic load rating [C] 104.000
Fatigue load rating [Cu] 6.400
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 105.052
Basic static load rating (kN) [Cotheo] 102.854
Label in the model Roller bearing_4
Bearing type SKF NU 1020 ML
Bearing type Cylindrical roller bearing (single row)
Bearing position (mm) [Viokall 462.000
Bearing position (mm) [Ygloball 462.000
Attachment of external ring Free bearing
Inner diameter (mm) [d] 100.000
External diameter (mm) D] 150.000
Width (mm) [b] 24.000
Corner radius (mm) [r] 1.500
Number of rolling bodies [2] 17
Rolling body reference circle (mm) [Dpwl 120.900
Diameter rolling body (mm) [Dw] 11.570
Rolling body length (mm) [Lwel 14.565
Diameter, external race (mm) [do] 132.504
Diameter, internal race (mm) [di] 109.296

Pd = 0.068 (mm)
Calculation with approximate bearings internal geometry (*)

Bearing clearance DIN 620:1988 CO (67.50 ym)
Basic static load rating [Co] 114.000
Basic dynamic load rating [C] 85.800
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Fatigue load rating [Cu] 13.700

Values for approximated geometry:

Basic dynamic load rating (kN) [Ctheol 85.767

Basic static load rating (kN) [Cotheo] 113.989

Shaft 'Shaft 1': The mass of the following element is taken into account (y= 355.0000 (mm)): Bevel gear 'Bevel gear / hypoid
gear'

m (yS= 355.6536 (mm)): 10.1643 (kg)

Jp: 0.0752 (kg*m?), Jxx: 0.0392 (kg*m?), Jzz: 0.0392 (kg*m?)

Results

Note: the maximum deflection and twisting of the shaft under torque, <br>the service life coefficient alSO and the bearing's thinnest lubricant
film thickness EHL are<br>predefined for the first load bin.

Shaft

Maximum deflection (mm) 0.088

Position of the maximum (mm) 333.387

Mass center of gravity (mm) 215.552

Total axial load (N) 48449.431

Torsion under torque (°) 0.043

Bearing

Probability of failure [n] 10.00 %

Axial clearance [ual 10.00 um

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_1'

Position (Y-coordinate) ] 52.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 6792.11 h
Minimum EHL lubricant film thickness [hmin] 1.543 um
Spin to roll ratio [ 0.104
Static safety factor [Sol 3.61
Reference rating service life [Larhl 6781.05 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 20.560 -19.925 -20.201 767.320 0.000 761.938
2 9.934 -9.672 -10.869 389.174 0.000 349.795
3 9.843 -9.428 -9.786 354.221 0.000 349.474
4 7.611 -5.394 -6.472 206.990 0.000 242.962

Displacement of bearing Misalignment of bearing

ux (um) uy (um) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 -23.9655 27.7646 16.0601 -0.697 0.071 -0.491
2 -15.4735 17.9232 11.8902 -0.441 0.035 -0.269
3 -13.7671 22.2459 8.4686 -0.413 0.035 -0.264
4 -24.8474 -14.8636 20.6091 -0.244 0.004 -0.264

8/11



KISSsoFT

Calkculabon programs for meching derign

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_2"'

Position (Y-coordinate) [yl 80.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lhn] 38369.18 h
Minimum EHL lubricant film thickness [hmin] 1.602 um
Spin to roll ratio [ 0.104
Static safety factor [So] 6.76
Reference rating service life [Lnrn] 40915.32 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 12.272 -11.213 -9.290 360.336 0.000 453.819
2 6.258 -5.646 -5.301 192.158 0.000 220.072
3 6.376 -5.737 -4.514 166.521 0.000 225.681
4 4.474 -3.130 -3.733 120.018 0.000 143.535

Displacement of bearing Misalignment of bearing

ux (um) uy (um) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 -11.0218 27.8553 -2.3361 -0.618 0.123 -0.417
2 -8.3471 17.9632 0.1427 -0.397 0.061 -0.231
3 -6.7610 22.2814 -2.5406 -0.373 0.061 -0.226
4 -17.6548 -14.8748 13.9692 -0.225 0.006 -0.241

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_3'

Position (Y-coordinate) vl 120.00 mm
Life modification factor for reliability[a] 1.000
Service life [Lhn] 496000.26 h
Minimum EHL lubricant film thickness [hmin] 1.791 um
Spin to roll ratio [ 0.113
Static safety factor [Sol 14.93
Reference rating service life [Larn] 505872.45 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 -2.175 3.689 6.616 213.534 0.000 71.938
2 -0.657 1.594 2.943 95.187 0.000 21.762
3 -0.698 1.440 2.704 86.180 0.000 22.631
4 0.652 1.901 0.460 18.075 0.000 -18.881

Displacement of bearing Misalignment of bearing

ux (um) uy (um) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 3.2909 28.2646 -24.4320 -0.523 0.196 -0.328
2 -0.3089 18.1615 -14.2903 -0.343 0.098 -0.185
3 1.0976 22.4758 -16.1384 -0.323 0.098 -0.181
4 -8.7495 -14.8108 5.6182 -0.201 0.010 -0.212

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_4'

Position (Y-coordinate) [yl 462.00 mm
Life modification factor for reliability[a1] 1.000

Service life [Lhn] 18948.65 h
Minimum EHL lubricant film thickness [hmin] 1.606 um
Static safety factor [Sol 5.31
Reference rating service life [Larhl 29674.58 h
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Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)
1 -2.075 0.000 21.361 -1.961 0.000 -0.725
2 -1.244 0.000 11.392 -0.209 0.000 -0.175
3 -1.230 0.000 11.011 -0.174 0.000 -0.172
4 -2.558 0.000 2.998 0.429 0.000 0.363
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 6.3682 30.3940 -65.2066 0.156 0.742 0.148
2 5.9055 19.2262 -54.9075 0.030 0.371 0.064
3 5.9725 23.5405 -54.4740 0.031 0.371 0.068
4 29.2107 -14.7043 -34.6831 -0.073 0.037 -0.062

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

The internal geometry of these bearings has not been input in the database.

The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.

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

Damage (%) [H] ( 8000.000)
No. Bl B2 B3 B4

1 77.23 12.93 1.05 34.58

2 8.17 1.45 0.16 3.51

3 6.85 1.41 0.16 3.13

4 2553 5.06 0.24 1.00

> 11778 20.85 1.61 42.22

Utilization, with reference to the required service life
[H1 (  8000.000)
B1 B2 B3 B4
1.06 0.59 0.25 0.77

B1: Roller bearing_1
B2: Roller bearing_2
B3: Roller bearing_3
B4: Roller bearing_4
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Displacement [mm)]
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Figure: Deformation (bending etc.) (Arbitrary plane 286.6814404 120)
Stress [N/mm?2]

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

End of Report lines: 525
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File
Name : Varianta Ill
Changed by: Maca on: 15.05.2016 at: 17:02:37
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) 0.000
Length (mm) 492.000
Speed (1/min) 243.50
Sense of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 25.095
(Notice: Weight stands for the shaft only without considering the gears)
Weight of shaft, including additional masses (kg) 35.259
Mass moment of inertia (kg*m?) 0.120
Momentum of mass GD2 (Nm?) 4.726
Position in space (°) 0.000

Regard gears as masses

Consider deformations due to shearing

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

Reference temperature (°C) 20.000
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Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 32.000mm
Diameter (mm) [d] 128.5000

Length (mm) [n 32.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 32.000mm ... 187.500mm
Diameter (mm) [d] 110.0000

Length (mm) [n 155.5000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 187.500mm ... 450.000mm
Diameter (mm) [d] 102.0000

Length (mm) [ 262.5000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 450.000mm ... 492.000mm
Diameter (mm) [d] 100.0000

Length (mm) Mn 42.0000

Surface roughness (um) [Rz] 8.0000

Inner contour

Cone inside (Conical bore) 0.000mm ... 95.000mm
Diameter left (mm) [d]] 70.0000

Diameter right (mm) [dr] 43.0000

Length (mm) Mmn 95.0000

Surface roughness (um) [Rz] 8.0000
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Cone inside (Conical bore) 95.000mm ... 115.000mm
Diameter left (mm) [d]] 43.0000
Diameter right (mm) [dr] 56.0000
Length (mm) Mm 20.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 115.000mm ... 117.000mm
Diameter left (mm) [dn] 56.0000
Diameter right (mm) [dy] 49.0000
Length (mm) Mm 2.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 117.000mm ... 125.000mm
Diameter (mm) [d] 49.0000
Length (mm) 1] 8.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 125.000mm ... 136.000mm
Diameter (mm) [d] 49.5000
Length (mm) Mm 11.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 136.000mm ... 163.000mm
Diameter left (mm) [di] 49.5000
Diameter right (mm) [dr] 40.0000
Length (mm) [n 27.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 163.000mm ... 311.000mm
Diameter (mm) [d] 40.0000
Length (mm) [n 148.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 311.000mm ... 446.000mm
Diameter (mm) [d] 64.0000
Length (mm) [n 135.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 446.000mm ... 486.000mm
Diameter (mm) [d] 70.0000
Length (mm) [ 40.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 486.000mm ... 492.000mm
Diameter left (mm) [d]] 70.0000
Diameter right (mm) [dr] 72.0000
Length (mm) [ 6.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element
Bevel gear
Label in the model Bevel gear / hypoid gear
Position on shaft (mm) Viocall 355.0000
Position in global system (mm) [vgloball 355.0000

Drive flank is active.
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Operating pitch diameter (mm)

Helix angle (°)

Pitch angle (°)

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

Facewidth (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Bending moment X (Load spectrum) (Nm)
Bending moment Z (Load spectrum) (Nm)
Load spectrum, driven (input)

No. Frequency (%) Speed (1/min)
1 3.0000e+001 243.500 50.999
2 2.0000e+001 365.250 38.249
3 2.0000e+001 -365.250 -38.249
4 3.0000e+001 2435.000 25.499

Type of force element

Label in the model

Position on shaft (mm) [Viocall

Position in global system (mm) [ygloball

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)
Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

Bending moment X (Load spectrum) (Nm)

Bending moment Z (Load spectrum) (Nm)

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min)
1 3.0000e+001 243.500 -50.999
2 2.0000e+001 365.250 -0.000
3 2.0000e+001 -365.250 0.000
4 3.0000e+001 2435.000 -0.000

Type of force element

Label in the model

Position on shaft (mm) Vocall

Position in global system (mm) [Ygloball

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)
Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

Bending moment X (Load spectrum) (Nm)
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220.5000
30.0000 left
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20.0000 Tip to the left

20.0000
0.0000
46.0000
50.9985
2000.0000
12449.4306 /
-3582.1392 /
-18140.5896 /
-0.0000 /
1372.5497 /

Torque (Nm)

2000.000
1000.000
1000.000

100.000

-2000.000
-0.000
-0.000
-0.000

6224.7153 /
-1791.0696 /
-9070.2948 /

-0.0000 /
686.2749 /

Eccentric force

Eccentric load_1
-124.0000

-124.0000
0.0000
80.0000
0.0000
50.9985
-2000.0000
15000.0000 /
-25000.0000 /
20000.0000/
-1200.0000 /
0.0000/

Power (kW) Torque (Nm) Force (%)

100.000
0.000
0.000
0.000

0.0000/
-0.0000 /
0.0000/
-0.0000 /
0.0000/

Eccentric force

Eccentric load_2
-124.0000

-124.0000
0.0000
80.0000
0.0000
25.4993
-1000.0000
0.0000/
-0.0000 /
0.0000/
-0.0000 /

7500.0000 /

-12500.0000 /
11250.0000 /

-600.0000 /

6224.7153
-1791.0696
-9070.2948

-0.0000
686.2749

0.0000
-0.0000
0.0000
-0.0000
0.0000

0.0000
-0.0000
0.0000
-0.0000
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Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000
Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 365.250 -38.249 -1000.000 100.000
3 2.0000e+001 -365.250 0.000 -0.000 0.000
4 3.0000e+001 2435.000 -0.000 -0.000 0.000

Type of force element
Eccentric force

Label in the model Eccentric load_3

Position on shaft (mm) Viocall -124.0000

Position in global system (mm) [vgloball -124.0000

Center point of load application, X-coordinate (mm) 0.0000

Center point of load application, Z -coordinate (mm) 80.0000

Length of load application (mm) 0.0000

Power (kW) 25.4993

Torque (Nm) -1000.0000

Axial force (load spectrum) (N) 0.0000/ 0.0000/ 7500.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -12500.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 10000.0000
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000 / -600.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 365.250 -0.000 -0.000 0.000
3 2.0000e+001 -365.250 38.249 -1000.000 100.000
4 3.0000e+001 2435.000 -0.000 -0.000 0.000

Type of force element
Eccentric force

Label in the model Eccentric load_4

Position on shaft (mm) [Vlocall -85.0000

Position in global system (mm) [Vgloball -85.0000

Center point of load application, X-coordinate (mm) 0.0000

Center point of load application, Z -coordinate (mm) 10.0000

Length of load application (mm) 0.0000

Power (kW) 2.5499

Torque (Nm) -100.0000

Axial force (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -0.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Bending moment X (Load spectrum) (Nm) -0.0000 / -0.0000 / -0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000

Load spectrum, driving (output)

No. Frequency (%) Speed (1/min) Power (kW) Torque (Nm) Force (%)
1 3.0000e+001 243.500 -0.000 -0.000 0.000
2 2.0000e+001 365.250 -0.000 -0.000 0.000
3 2.0000e+001 -365.250 0.000 -0.000 0.000
4 3.0000e+001 2435.000 -25.499 -100.000 100.000

Bearing

Label in the model Roller bearing_1
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Bearing type NSK 7022C
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokall 52.000
Bearing position (mm) [vgloball 52.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 110.000
External diameter (mm) [D] 170.000
Width (mm) [b] 28.000
Corner radius (mm) [r] 2.000
Number of rolling bodies [2] 9
Rolling body reference circle (mm) [Dpwl 140.000
Diameter rolling body (mm) [Dw] 26.730
Distance a (mm) [a] 32.700
Diameter, external race (mm) [do] 166.775
Diameter, internal race (mm) [di] 113.225
Radius of curvature, external race (mm)

[rol 14.167
Radius of curvature, internal race (mm) [ri] 13.899
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  33.3000
Basic static load rating [Col 104.000
Basic dynamic load rating [C] 106.000
Fatigue load rating [Cul 0.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 119.409
Basic static load rating (kN) [Cotheo] 88.891
Label in the model Roller bearing_2
Bearing type NSK 7022A
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokall 80.000
Bearing position (mm) [Vgloball 80.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 110.000
External diameter (mm) [D] 170.000
Width (mm) [b] 28.000
Corner radius (mm) [r] 2.000
Number of rolling bodies [2] 18
Rolling body reference circle (mm) [Dpwl 140.000
Diameter rolling body (mm) [Dw] 19.513
Distance a (mm) [a] 54.400
Diameter, external race (mm) [do] 159.644
Diameter, internal race (mm) [di] 120.356
Radius of curvature, external race (mm)

[rol 10.342
Radius of curvature, internal race (mm) [ril 10.147

Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  39.6000

Basic static load rating [Co] 95.500
Basic dynamic load rating [C] 96.500
Fatigue load rating [Cul 0.000

Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 97.658
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Basic static load rating (kN) [Cotheo] 94.251
Label in the model Roller bearing_3
Bearing type NSK 7022C
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokall 120.000
Bearing position (mm) [vgloball 120.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 110.000
External diameter (mm) [D] 170.000
Width (mm) [b] 28.000
Corner radius (mm) [r] 2.000
Number of rolling bodies [2] 9
Rolling body reference circle (mm) [Dpwl 140.000
Diameter rolling body (mm) [Dw] 26.730
Distance a (mm) [a] 32.700
Diameter, external race (mm) [do] 166.775
Diameter, internal race (mm) [di] 113.225
Radius of curvature, external race (mm)
[rol 14.167

Radius of curvature, internal race (mm) [ri] 13.899
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm) 138.7000
Basic static load rating [Co] 104.000
Basic dynamic load rating [C] 106.000
Fatigue load rating [Cu] 0.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 119.409
Basic static load rating (kN) [Cotheo] 88.891
Label in the model Roller bearing_4
Bearing type SKF NU 1020 ML
Bearing type Cylindrical roller bearing (single row)
Bearing position (mm) [Viokall 462.000
Bearing position (mm) [Vgloball 462.000
Attachment of external ring Free bearing
Inner diameter (mm) [d] 100.000
External diameter (mm) D] 150.000
Width (mm) [b] 24.000
Corner radius (mm) [r] 1.500
Number of rolling bodies [2] 17
Rolling body reference circle (mm) [Dpwl 120.900
Diameter rolling body (mm) [Dw] 11.570
Rolling body length (mm) [Lwel 14.565
Diameter, external race (mm) [do] 132.504
Diameter, internal race (mm) [di] 109.296
Pd = 0.068 (mm)

Calculation with approximate bearings internal geometry (*)

Bearing clearance DIN 620:1988 CO (67.50 ym)
Basic static load rating [Co] 114.000
Basic dynamic load rating [C] 85.800
Fatigue load rating [Cul 13.700
Values for approximated geometry:
Basic dynamic load rating (kN) [Ctheol 85.767
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Basic static load rating (kN) [Cotheo] 113.989

Shaft 'Shaft 1': The mass of the following element is taken into account (y= 355.0000 (mm)): Bevel gear 'Bevel gear / hypoid
gear'

m (yS= 355.6536 (mm)): 10.1643 (kg)

Jp: 0.0752 (kg*m?), Jxx: 0.0392 (kg*m?), Jzz: 0.0392 (kg*m?)

Results

Note: the maximum deflection and twisting of the shaft under torque, <br>the service life coefficient alISO and the bearing's thinnest lubricant
film thickness EHL are<br>predefined for the first load bin.

Shaft

Maximum deflection (mm) 0.100

Position of the maximum (mm) 0.000

Mass center of gravity (mm) 215.552

Total axial load (N) 48449.431

Torsion under torque (°) 0.043

Bearing

Probability of failure [n] 10.00 %

Axial clearance [ual 10.00 um

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_1'

Position (Y-coordinate) ] 52.00 mm
Life modification factor for reliability[a] 1.000
Service life [Lhn] 20820.41 h
Minimum EHL lubricant film thickness [hmin] 1.700 um
Spin to roll ratio [ 0.084
Static safety factor [Sol 5.61
Reference rating service life [Larhl 20760.02 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 13.862 -7.494 -12.294 282.803 0.000 309.257
2 6.743 -3.563 -6.593 140.190 0.000 140.351
3 6.456 -3.309 -5.706 122.625 0.000 135.660
4 6.212 -2.588 -5.116 94.886 0.000 114.839

Displacement of bearing Misalignment of bearing

ux (um) uy (um) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 -34.3837 30.3715 24.8994 -0.788 0.071 -0.570
2 -21.7408 19.6107 17.9781 -0.491 0.035 -0.308
3 -20.1148 24.3410 13.9745 -0.458 0.035 -0.303
4 -30.3308 -16.2686 24.4403 -0.273 0.004 -0.294
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Shaft 'Shaft 1' Rolling bearing 'Roller bearing_2"'

Position (Y-coordinate)
Life modification factor for reliability[a1]

Service life

Minimum EHL lubricant film thickness

Spin to roll ratio

Static safety factor

Reference rating service life

Bearing reaction force

Fx (kN)

18.366
9.256
9.595
5.430

A W N B

Displacement of bearing

ux (um)
-19.0204
-13.4152
-11.9018
-22.2546

A W N P

Fy (kN)

-21.015
-10.567
-10.822

-4.618

uy (um)
30.2332
19.5381
24.2638
-16.3315

vl

[Lnhl]
[hmin]
[]
[Sal
[Lnrh]

80.00 mm
1.000
8468.76 h
1.551 um
0.123
3.97
9370.37 h

Bearing reaction moment

Fz (kN)

-15.569
-8.762
-7.954
-4.447

uz (um)
3.6999
4.6808
1.5711
16.9670

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_3'
Position (Y-coordinate)
Life modification factor for reliability[a1]

Service life

Minimum EHL lubricant film thickness

Spin to roll ratio

Static safety factor

Reference rating service life

Bearing reaction force

Fx (kN)

-0.549
-0.028
-0.106

1.451

A W DN P

Displacement of bearing

ux (pm)
-2.0937
-4.0653
-2.7391
-12.2794

A W DN PP

Fy (kN)

1.060
0.405
0.407
0.584

uy (um)
30.5758
19.7063
24.4320
-16.3009

vl

[Lnh]
[hmin]
[]
[So]
[Lnrh]

Mx (Nm)
729.923
386.815
355.651
175.905

Misalignment of bearing

ux (mrad) uy (mrad)
-0.697 0.123
-0.441 0.061
-0.412 0.061
-0.250 0.006
120.00 mm
1.000
> 1000000 h
1.918 um
0.092
30.42
> 1000000 h

My (Nm)

0.000
0.000
0.000
0.000

Bearing reaction moment

Fz (kN)
3.374
1.318
1.352

-0.617

uz (pm)
-21.4726
-11.4695
-13.5433
7.5935

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_4'

Position (Y-coordinate)
Life modification factor for reliability[a1]

Service life

Minimum EHL lubricant film thickness
Static safety factor

Reference rating service life

Bearing reaction force

Fx (kN)
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Fy (kN)

vl

[Lnhl
[hmin]
[Sal
[Lnrh]

Mx (Nm) My (Nm)
63.324 0.000
24.564 0.000
24.768 0.000

-10.910 0.000

Misalignment of bearing

ux (mrad) uy (mrad)
-0.591 0.196
-0.382 0.098
-0.358 0.098
-0.224 0.010
462.00 mm
1.000
14082.56 h
1.584 pm
4.92
21931.61 h

Bearing reaction moment

Fz (kN)

Mx (Nm)

My (Nm)

KISSsoFT
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Mz (Nm)
829.125
398.926
416.516
214.257

uz (mrad)
-0.485
-0.265
-0.260
-0.268

Mz (Nm)
11.294

0.788

2.160
26.676

uz (mrad)
-0.388
-0.216
-0.211
-0.237

Mz (Nm)



-3.098
-1.679
-1.654
-2.915

A W NP

Displacement of bearing

ux (um)
9.4482
7.4721
7.5518
29.7902

A W NP

0.000
0.000
0.000
0.000

uy (um)
32.7052
20.7709
25.4966
-16.1944

22.975
12.203
11.724

3.433

uz (um)
-66.5408
-55.6838
-55.1418
-35.3402

-2.167
-0.222
-0.171

0.482

0.000
0.000
0.000
0.000

Misalignment of bearing

ux (mrad)
0.170
0.033
0.033
-0.073

uy (mrad)
0.742
0.371
0.371
0.037

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

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

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

Damage (%)

No. Bl B2 B3 B4

1 18.73 63.65 0.24 44.72
2 2.47 8.58 0.16 5.43
3 1.88 8.74 0.16 4.76
4 15.35 13.49 0.24 1.90
> 3842 94.46 0.80 56.81

Utilization, with reference to the required service life

H] (

B1 B2
0.73 0.98

B1: Roller bearing_1
B2: Roller bearing_2
B3: Roller bearing_3
B4: Roller bearing_4

B3

0.20

0.84

[HI (

8000.000)

8000.000)
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-0.762
-0.162
-0.158

0.416

uz (mrad)
0.141
0.056
0.059
-0.068
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Displacement [mm]
—— Components - Y-component

0.08— — Components - Arbitrary plane
0.06—-
Q04; E:Uf
0.02— Py

o1

-0.02—- —

-0.041 i

-0.06—_

-0.08—- .

0 1(I)0 2(I)0 3(I)0

Axial direction Y [mm]

1 T 1 T

|
400

Figure: Deformation (bending etc.) (Arbitrary plane 134.290898 120)
Stress [N/mm?2]

— Equivalent stress (GEH)

60.0- — Equivalent stress (SSH)

54.0-
48.01
2.0+
36.0-
30.0
24.0-
18.0-
12.0-

6.0

Il S o i N

BN i 2 oL ) R ) N
don ) N P
0 ! 00 300400

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

End of Report lines: 525
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KISSsoft Release 03/2015 F
KISSsoft - student license (not for commercial use)

File

Name : SKF_32016XIQ_2000Nm
Changed by: Maca on: 15.05.2016 at: 17:51:15
THERMAL ADMISSIBLE SERVICE SPEED CALCULATION
(according to DIN ISO 15312 and DIN 732)
Lubricant Grease: Isoflex Topas NCA51
Operating condition:
Run in bearing
Mean bearing temperature [Tm] 70.000 °C
Temperature of bearing environment [T] 20.000 °C
Lubricant - service temperature [TOIl] 70.000 °C
Speed [n] 200.000 1/min
Bearing 1:
Thermal nominal speed according to DIN ISO 15312:
Type of support Taper roller bearing (single row)
Bearing number SKF 32016 XIQ
Design series 320X
Coefficient [fOr] 2.000
(Depends upon type of design and lubrication at reference conditions)
Coefficient [f1r] 0.000300
(Depends upon type of design and load at reference conditions)
Heat sink reference surface [As] 18676.768 mm?
Reference load [P1r] 10.800 kN
Bearing mean diameter [dm] 102.500 mm
Bearing-specific reference heat flow density [ar] 16.000 kHz
kinematic viscosity (for reference conditions) [nyr] 22.000 mm?/s
Thermal nominal speed [ntr] 5447.291 1/min
Thermal admissible service speed according to DIN 732:
Coefficient [fO] 2.000
(Depends upon type of design and lubrication)
Coefficient [f1] 0.000300
(Depends upon type of design and load)
Heat flow  (dissipated by the bearing support surface) [QS] 0.289 kW
Total heat flow [Q] 0.289 kw
Dynamic equivalent load [P1] 28955.000 N
kinematic viscosity at service temperature [ny] 11.722 mm?/s
Lubricant film parameter [KL] 0.678
Charge parameter [KP] 1.754
Speed ratio [fn] 0.461
Thermal admissible service speed [nt] 2513.521 1/min
End of Report lines: 52
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KISSsoft Release 03/2015 F
KISSsoft - student license (not for commercial use)

File

Name : SKF_32016XIQ_20000t
Changed by: Maca on: 15.05.2016 at: 17:50:03
THERMAL ADMISSIBLE SERVICE SPEED CALCULATION
(according to DIN ISO 15312 and DIN 732)
Lubricant Grease: Isoflex Topas NCA51
Operating condition:
Run in bearing
Mean bearing temperature [Tm] 70.000 °C
Temperature of bearing environment [T] 20.000 °C
Lubricant - service temperature [TOIl] 70.000 °C
Speed [n] 2000.000 1/min
Bearing 1:
Thermal nominal speed according to DIN ISO 15312:
Type of support Taper roller bearing (single row)
Bearing number SKF 32016 XIQ
Design series 320X
Coefficient [fOr] 2.000
(Depends upon type of design and lubrication at reference conditions)
Coefficient [f1r] 0.000300
(Depends upon type of design and load at reference conditions)
Heat sink reference surface [As] 18676.768 mm?
Reference load [P1r] 10.800 kN
Bearing mean diameter [dm] 102.500 mm
Bearing-specific reference heat flow density [ar] 16.000 kHz
kinematic viscosity (for reference conditions) [nyr] 22.000 mm?/s
Thermal nominal speed [ntr] 5447.291 1/min
Thermal admissible service speed according to DIN 732:
Coefficient [fO] 2.000
(Depends upon type of design and lubrication)
Coefficient [f1] 0.000300
(Depends upon type of design and load)
Heat flow  (dissipated by the bearing support surface) [QS] 0.289 kW
Total heat flow [Q] 0.289 kw
Dynamic equivalent load [P1] 1270.000 N
kinematic viscosity at service temperature [ny] 11.722 mm?/s
Lubricant film parameter [KL] 0.678
Charge parameter [KP] 0.077
Speed ratio [fn] 1.187
Thermal admissible service speed [nt] 6463.339 1/min
End of Report lines: 52
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KISSsoft Release 03/2015 F
KISSsoft - student license (not for commercial use)

File

Name : SKF_32018XIQ_2000Nm
Changed by: Maca on: 15.05.2016 at: 21:38:55
THERMAL ADMISSIBLE SERVICE SPEED CALCULATION
(according to DIN ISO 15312 and DIN 732)
Lubricant Grease: Isoflex Topas NCA51
Operating condition:
Run in bearing
Mean bearing temperature [Tm] 70.000 °C
Temperature of bearing environment [T] 20.000 °C
Lubricant - service temperature [TOIl] 70.000 °C
Speed [n] 200.000 1/min
Bearing 1:
Thermal nominal speed according to DIN ISO 15312:
Type of support Taper roller bearing (single row)
Bearing number SKF 32018 X/Q
Design series 320X
Coefficient [fOr] 2.000
(Depends upon type of design and lubrication at reference conditions)
Coefficient [f1r] 0.000300
(Depends upon type of design and load at reference conditions)
Heat sink reference surface [As] 23122122 mm?
Reference load [P1r] 13.500 kN
Bearing mean diameter [dm] 115.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kHz
kinematic viscosity (for reference conditions) [nyr] 22.000 mm?/s
Thermal nominal speed [ntr] 5033.329 1/min
Thermal admissible service speed according to DIN 732:
Coefficient [fO] 2.000
(Depends upon type of design and lubrication)
Coefficient [f1] 0.000300
(Depends upon type of design and load)
Heat flow  (dissipated by the bearing support surface) [QS] 0.358 kW
Total heat flow [Q] 0.358 kw
Dynamic equivalent load [P1] 34062.000 N
kinematic viscosity at service temperature [ny] 11.722 mm?/s
Lubricant film parameter [KL] 0.678
Charge parameter [KP] 1.728
Speed ratio [fn] 0.469
Thermal admissible service speed [nt] 2359.373 1/min
End of Report lines: 52
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File

Name : SKF_32018XIQ_20000t
Changed by: Maca on: 15.05.2016 at: 21:43:27
THERMAL ADMISSIBLE SERVICE SPEED CALCULATION
(according to DIN ISO 15312 and DIN 732)
Lubricant Grease: Isoflex Topas NCA51
Operating condition:
Run in bearing
Mean bearing temperature [Tm] 70.000 °C
Temperature of bearing environment [T] 20.000 °C
Lubricant - service temperature [TOIl] 70.000 °C
Speed [n] 2000.000 1/min
Bearing 1:
Thermal nominal speed according to DIN ISO 15312:
Type of support Taper roller bearing (single row)
Bearing number SKF 32018 X/Q
Design series 320X
Coefficient [fOr] 2.000
(Depends upon type of design and lubrication at reference conditions)
Coefficient [f1r] 0.000300
(Depends upon type of design and load at reference conditions)
Heat sink reference surface [As] 23122122 mm?
Reference load [P1r] 13.500 kN
Bearing mean diameter [dm] 115.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kHz
kinematic viscosity (for reference conditions) [nyr] 22.000 mm?/s
Thermal nominal speed [ntr] 5033.329 1/min
Thermal admissible service speed according to DIN 732:
Coefficient [fO] 2.000
(Depends upon type of design and lubrication)
Coefficient [f1] 0.000300
(Depends upon type of design and load)
Heat flow  (dissipated by the bearing support surface) [QS] 0.358 kW
Total heat flow [Q] 0.358 kw
Dynamic equivalent load [P1] 576.000 N
kinematic viscosity at service temperature [ny] 11.722 mm?/s
Lubricant film parameter [KL] 0.678
Charge parameter [KP] 0.029
Speed ratio [fn] 1.230
Thermal admissible service speed [nt] 6193.354 1/min
End of Report lines: 52
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KISSsoft Release 03/2015 F

KISSsoft - student license (not for commercial use)

File
Name : FAG_B7022-E-TP4S-2000Nm
on: 15.05.2016

Changed by: Maca at: 21:52:03

THERMAL ADMISSIBLE SERVICE SPEED CALCULATION

(according to DIN ISO 15312 and DIN 732)

Lubricant

Operating condition:

Run in bearing

Mean bearing temperature
Temperature of bearing environment
Lubricant - service temperature
Speed

Bearing 1:

Thermal nominal speed according to

Type of support
Bearing number

DIN ISO 15312:

Grease: Isoflex Topas NCA51

[Tm]
(7

[TOIl]

]

70.000
20.000
70.000
200.000

°C
°C
°C
1/min

Angular contact ball bearing (single row)
FAG HSS7022-E-T-P4S

Design series 70

Coefficient [fOr] 1.133

(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000150
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 24630.086 mm?
Reference load [P1r] 2.800 kN
Bearing mean diameter [dm] 140.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kHz
kinematic viscosity (for reference conditions) [nyr] 22.000 mm?/s
Thermal nominal speed [ntr] 5160.589 1/min
Thermal admissible service speed according to DIN 732:

Coefficient [fO] 1.133

(Depends upon type of design and lubrication)

Coefficient [f1] 0.000526
(Depends upon type of design and load)

Heat flow  (dissipated by the bearing support surface) [QS] 0.382 kW
Total heat flow [Q] 0.382 kw
Dynamic equivalent load [P1] 68565.600 N
kinematic viscosity at service temperature [ny] 11.722 mm?/s
Lubricant film parameter [KL] 0.678

Charge parameter [KP] 7.149

Speed ratio [fn] 0.135

Thermal admissible service speed [nt] 699.250 1/min

End of Report

lines:

52
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File
Name : FAG_B7022-E-TP4S-20000t
on: 15.05.2016

Changed by: Maca at: 21:53:00

THERMAL ADMISSIBLE SERVICE SPEED CALCULATION

(according to DIN ISO 15312 and DIN 732)

Lubricant

Operating condition:

Run in bearing

Mean bearing temperature
Temperature of bearing environment
Lubricant - service temperature
Speed

Bearing 1:

Thermal nominal speed according to

Type of support
Bearing number

DIN ISO 15312:

Grease: Isoflex Topas NCA51

[Tm]
(7

[TOIl]

]

70.000
20.000
70.000
2000.000

°C
°C
°C
1/min

Angular contact ball bearing (single row)
FAG HSS7022-E-T-P4S

Design series 70

Coefficient [fOr] 1.133

(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000150
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 24630.086 mm?
Reference load [P1r] 2.800 kN
Bearing mean diameter [dm] 140.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kHz
kinematic viscosity (for reference conditions) [nyr] 22.000 mm?/s
Thermal nominal speed [ntr] 5160.589 1/min
Thermal admissible service speed according to DIN 732:

Coefficient [fO] 1.133

(Depends upon type of design and lubrication)

Coefficient [f1] 0.000296
(Depends upon type of design and load)

Heat flow  (dissipated by the bearing support surface) [QS] 0.382 kW
Total heat flow [Q] 0.382 kw
Dynamic equivalent load [P1] 16801.100 N
kinematic viscosity at service temperature [ny] 11.722 mm?/s
Lubricant film parameter [KL] 0.678

Charge parameter [KP] 0.984

Speed ratio [fn] 0.667

Thermal admissible service speed [nt] 3439.552 1/min

End of Report

lines:

52
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File
Name : kyvanil
Changed by: Maca on: 15.05.2016 at: 22:15:31
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) 0.000
Length (mm) 80.000
Speed (1/min) 6.00
Sense of rotation: clockwise
Material C45(1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 14.177
(Notice: Weight stands for the shaft only without considering the gears)
Weight of shaft, including additional masses (kg) 14.177
Mass moment of inertia (kg*m?) 0.074
Momentum of mass GD2 (Nm?) 2.921
Label Shaft 2
Drawing
Initial position (mm) 25.000
Length (mm) 415.000
Speed (1/min) 6.00

Sense of rotation: clockwise

Material C45(1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 58.791
(Notice: Weight stands for the shaft only without considering the gears)
Weight of shaft, including additional masses (kg) 67.710
Mass moment of inertia (kg*m?) 0.847
Momentum of mass GD2 (Nm?) 33.229
Label Shaft 3
Drawing

Initial position (mm) 370.000
Length (mm) 75.000
Speed (1/min) 6.00

Sense of rotation: clockwise
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Material C45(1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 10.946
(Notice: Weight stands for the shaft only without considering the gears)
W eight of shaft, including additional masses (kg) 10.946
Mass moment of inertia (kg*m?) 0.213
Momentum of mass GD2 (Nm?) 8.364
Position in space (°) 0.000

Regard gears as masses

Consider deformations due to shearing

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

Reference temperature (°C) 20.000

Figure: Load applications

Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder)

0.000mm ...

KISSsoFT
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20.000mm

Diameter (mm) [d] 250.0000
Length (mm) Mmn 20.0000
Surface roughness (um) [Rz] 8.0000
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Cylinder (Cylinder) 20.000mm ... 30.000mm
Diameter (mm) [d] 145.0000

Length (mm) Mm 10.0000

Surface roughness (um) [RZ] 8.0000

Cylinder (Cylinder) 30.000mm ... 80.000mm
Diameter (mm) [d] 130.0000

Length (mm) Mm 50.0000

Surface roughness (um) [Rz] 8.0000

Bearing

Label in the model General bearing

Bearing type Clamped support

Bearing position (mm) [Viokall 0.000

Bearing position (mm) [ygloball 0.000

Degrees of freedom

X: fixedY: fixedZ: fixed

Rx: fixedRy: fixedRz: fixed

Shaft definition (Shaft 2)

Outer contour

Cylinder (Cylinder) 0.000mm ... 340.000mm
Diameter (mm) [d] 250.0000

Length (mm) [n 340.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 340.000mm ... 360.000mm
Diameter (mm) [d] 195.0000

Length (mm) [n 20.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 360.000mm ... 415.000mm
Diameter (mm) [d] 170.0000

Length (mm) [n 55.0000

Surface roughness (um) [Rz] 8.0000

Inner contour

Cylinder inside (Cylindrical bore) 0.000mm ... 315.000mm
Diameter (mm) [d] 200.0000

Length (mm) [ 315.0000

Surface roughness (um) [Rz] 8.0000

Cylinder inside (Cylindrical bore) 315.000mm ... 415.000mm
Diameter (mm) [d] 120.0000

Length (mm) Mn 100.0000

Surface roughness (um) [Rz] 8.0000

Forces

Type of force element

Label in the model

3/10

Eccentric force
Eccentric load



Position on shaft (mm) [Viocall
Position in global system (mm) [yg|oba|]

Center point of load application, X-coordinate (mm)
Center point of load application, Z -coordinate (mm)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

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

Type of force element

Label in the model

Position on shaft (mm) [Viocall
Position in global system (mm) [vgloball
Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Type of force element

Label in the model

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

Spur gear

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

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Type of force element

Label in the model

Position on shaft (mm) Vocall
Position in global system (mm) [Ygloball
Operating pitch diameter (mm)

Spur gear

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

Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (N)
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180.0000
205.0000
390.0000
0.0000
0.0000
3.7699 driving (Output)
-5999.9998
22500.0000
22500.0000
15384.6150
0.0000
8775.0000

Centric force

Centrical load
0.0000

25.0000
0.0000
0.0000
0.0000

-3000.0000
0.0000
0.0000
0.0000
0.0000

Cylindrical gear
Gl
50.0000

75.0000
302.5000

20.0000
23.7000
50.0000
1.8850 driven (Input)
3000.0000
-0.0000
1362.1259
-21063.6619
0.0000
-0.0000

Cylindrical gear
G2
50.0000

75.0000
302.5000

20.0000
-23.7000
50.0000
1.8850 driven (Input)
3000.0000
-0.0000
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Shearing force X (N) -14582.9098
Shearing force Z (N) -15260.1435
Bending moment X (Nm) -0.0000
Bending moment Z (Nm) -0.0000
Shaft definition (Shaft 3)

Outer contour

Cylinder (Cylinder) 0.000mm ... 75.000mm
Diameter (mm) [d] 300.0000
Length (mm) 1] 75.0000
Surface roughness (um) [Rz] 8.0000

Inner contour

Cylinder inside (Cylindrical bore) 0.000mm ... 10.000mm
Diameter (mm) [d] 240.0000

Length (mm) Mm 10.0000

Surface roughness (um) [Rz] 8.0000

Cylinder inside (Cylindrical bore) 10.000mm ... 75.000mm
Diameter (mm) [d] 260.0000

Length (mm) Mm 65.0000

Surface roughness (um) [Rz] 8.0000

Bearing

Label in the model General bearing

Bearing type Clamped support

Bearing position (mm) [Viokall 70.000

Bearing position (mm) [Vgloball 440.000

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

CONNECTIONS

Koyo 7026 FY (Shl_Sh2) 47.000mm
Shaft 'Shaft 1' <-> Shaft 'Shaft 2

Set fixed bearing right

d= 130.000 (mm), D = 200.000 (mm), b= 33.000 (mm), r=2.000 (mm)

C = 117.000 (kN), CO= 125.000 (kN), Cu= 0.000 (kN)

Ctheo = 128.032 (kN), COtheo = 110.761 (kN)

Calculation with approximate bearings internal geometry (*)

Z =12, Dpw = 165.000 (mm), Dw = 26.271 (mm)

Diameter, external race (mm) [do] 191.439
Diameter, internal race (mm) [di] 138.561
Throat radius, external race (mm) [rol 13.924
Throat radius, internal race (mm) [ril 13.661
Bearing clearance 0.00 ym
Tolerance field Mean value
Tolerance DIN 620:1988 P6
Tolerance shaft k6, 130.015 mm (min = 130.003 mm , max = 130.028 mm)
Tolerance hub H7, 200.023 mm (min = 200.000 mm , max = 200.046 mm)

Rzl = 8.00 um (Roughness shaft/hub in contact with inner ring)
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RzO = 8.00 pm (Roughness shaft/hub in contact with outer ring )
Change of diametral clearance due to: n = 0 (1/min)
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Interference fit
Temperature
Total bearing clearance change

-16.97 pm

-22.97 pm
-16.97 ym, ni =6 (1/min), no =6 (1/min)

The bearing pressure angle will be considered in the calculation

Position (center of pressure)

Koyo 7034 FY (Sh2_Sh3)

(mm)  -0.6000

406.000mm

Shaft 'Shaft 2' <-> Shaft 'Shaft 3'
Set fixed bearing right

d= 170.000 (mm), D = 260.000 (mm), b= 42.000 (mm), r =

C = 186.000 (kN), CO =
Ctheo = 187.598 (kN), COtheo =

Calculation with approximate bearings internal geometry (*)

Z =19, Dpw =
Diameter, external race (mm)
Diameter, internal race (mm)
Throat radius, external race (mm)
Throat radius, internal race (mm)

Bearing clearance

Tolerance field

Tolerance

Tolerance shaft

Tolerance hub

215.000 (mm), Dw = 28.321 (mm)

2.100 (mm)
214.000 (kN), Cu = 0.000 (kN)

211.409 (kN)
[do] 243.502
[di] 186.498
[rol 15.010
[ril 14.727

0.00 um

Mean value

DIN 620:1988 PN

k6, 170.015 mm (min = 170.003 mm , max = 170.028 mm)
H7, 260.026 mm (min = 260.000 mm , max = 260.052 mm)

Rzl = 8.00 pm (Roughness shaft/hub in contact with inner ring)
RzO = 8.00 pm (Roughness shaft/hub in contact with outer ring )
Change of diametral clearance due to: n = 0 (1/min)

Interference fit -16.80 ym

Temperature -21.77 ym

Total bearing clearance change -16.80 pm, ni =6 (1/min), no =6 (1/min)
The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm)  343.9000

Shaft 'Shaft 2': The mass of the following element is taken into account (y=

m (yS= 50.0000 (mm)): 8.9189 (kg)
Jp: 0.1717 (kg*m?), Jxx: 0.0877 (kg*m?), Jzz: 0.0877 (kg*m?)
Results
Shaft
Maximum deflection 0.123 (Shaft 2 pos= 25.000)
Mass center of gravity
Shaft 1 (mm) 27.863
Shaft 2 (mm) 207.584
Shaft 3 (mm) 35.674
Total axial load

0.000

Shaft 1 (N)
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Shaft 2 (N) 19500.000
Shaft 3 (N) 0.000

Torsion under torque

Shaft 1 (°) 0.000

Shaft 2 (°) -0.002

Shaft 3 (°) 0.000

Bearing

Probability of failure [n] 10.00 %

Axial clearance [ual 10.00 pum
Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Bearing 'General bearing'

Position (Y-coordinate) vl 0.00 mm
Bearing reaction force [Fx] -24.353 kN
Bearing reaction force [Fyl 19.299 kN
Bearing reaction force [Fz] 22.663 kN
Bearing reaction force [Fr] 33.267 kN (137.06°)
Bearing reaction moment [Mx] 138.64 Nm
Bearing reaction moment [My] -0.00 Nm
Bearing reaction moment [Mz] 142.07 Nm
Bearing reaction moment [Mr] 198.50 Nm (45.7°)
Displacement of bearing [ux] 0.000 um
Displacement of bearing [uy] 0.000 um
Displacement of bearing [uz] 0.000 um
Displacement of bearing [ur] 0.000 um
Misalignment of bearing [rx] -0.000 mrad (0"
Misalignment of bearing [ry] -0.000 mrad (0"
Misalignment of bearing [rZ] -0.000 mrad (0"
Misalignment of bearing [rr] 0.000 mrad (0"
Shaft 'Shaft 3' Bearing 'General bearing'

Position (Y-coordinate) ] 70.00 mm
Bearing reaction force [FX] 15.074 kN
Bearing reaction force [Fy] -38.799 kN
Bearing reaction force [Fz] -0.814 kN
Bearing reaction force [Fr] 15.096 kN (-3.09°)
Bearing reaction moment [Mx] -22.11 Nm
Bearing reaction moment [My] 0.00 Nm
Bearing reaction moment [Mz] 1336.33 Nm
Bearing reaction moment [Mr] 1336.52 Nm (90.95°)
Displacement of bearing [ux] 0.000 um
Displacement of bearing [uy] 0.000 um
Displacement of bearing [uz] 0.000 um
Displacement of bearing [ur] 0.000 um
Misalignment of bearing [rx] 0.000 mrad (0"
Misalignment of bearing [ry] 0.000 mrad (0"
Misalignment of bearing [rz] 0.000 mrad (0"
Misalignment of bearing [re] 0.000 mrad (0"
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Rolling bearing 'Sh1_Sh2'

Position (Y-coordinate) [yl 47.00 mm
Equivalent load [P] 33.17 kN
Equivalent load [Pol 33.17 kN
Life modification factor for reliability[a1] 1.000

Service life [Lnhl > 1000000

Minimum EHL lubricant film thickness [hmin] 0.000 pum
Spin to roll ratio [] 0.128

Static safety factor [So] 3.77

Bearing reaction force [Fx] 24.353 kN
Bearing reaction force [Fyl -19.299 kN
Bearing reaction force [Fz] -22.524 kN
Bearing reaction force [Fr] 33.172 kN
Bearing reaction moment [Mx] 923.88 Nm
Bearing reaction moment [My] 0.00 Nm
Bearing reaction moment [Mz] 1002.52 Nm
Bearing reaction moment [Mr] 1363.31 Nm
Oil level [H] 0.000 mm
Rolling moment of friction [Mrr] 0.000 Nm
Sliding moment of friction [Ms]] 10.428 Nm
Moment of friction, seals [Mseall 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 10000/1 EN:2013
Moment of friction flow losses [Mdrag] 0.000 Nm
Torque of friction [Mioss] 10.428 Nm
Power loss [Ploss] 0.000 w

(-42.77°)

(47.34°)

The moment of friction is calculated according to the details in SKF Catalog 2013.

The calculation is always performed with a coefficient for additives in the lubricant ubl=0.15.

Displacement of bearing [ux] -81.666
Displacement of bearing [uy] -61.643
Displacement of bearing [uz] 77.985
Displacement of bearing [ur] 0.113
Misalignment of bearing [rxd -0.259
Misalignment of bearing [ry] -0.000
Misalignment of bearing [rz] -0.334
Misalignment of bearing [re] 0.422

Rolling bearing 'Sh2_Sh3'

Position (Y-coordinate) ] 406.00
Equivalent load [P] 35.38
Equivalent load [Pol 20.35
Life modification factor for reliability[a] 1.000
Service life [Lhn] > 1000000

Minimum EHL lubricant film thickness [hmin] 0.000
Spin to roll ratio [ 0.134
Static safety factor [Sol 10.51
Bearing reaction force [Fx] 15.074
Bearing reaction force [Fy] -38.799
Bearing reaction force [Fz] -0.921
Bearing reaction force [Fr] 15.102
Bearing reaction moment [Mx] -49.74
Bearing reaction moment [My] 0.00
Bearing reaction moment [Mz] 823.82
Bearing reaction moment [Mr] 825.33
Oil level [H] 0.000
Rolling moment of friction [Myr] 0.000
Sliding moment of friction [Ms]] 9.978
Moment of friction, seals [Mseall 0.000
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Moment of friction for seals determined according to SKF main catalog 10000/1 EN:2013

Moment of friction flow losses [Mdrag] 0.000 Nm
Torque of friction [Mioss] 9.978 Nm
Power loss [Ploss] 0.000 W

The moment of friction is calculated according to the details in SKF Catalog 2013.
The calculation is always performed with a coefficient for additives in the lubricant ubl=0.15.

Displacement of bearing [ux] -37.759 um
Displacement of bearing [uy] 58.243 um
Displacement of bearing [uz] 18.202 um
Displacement of bearing [ur] 0.042 um (154.26°)
Misalignment of bearing [rx] 0.267 mrad (0.92')
Misalignment of bearing [ry] -0.043 mrad (-0.15")
Misalignment of bearing [rz] 0.361 mrad (1.24")
Misalignment of bearing [rr] 0.449 mrad (1.54")

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

The internal geometry of these bearings has not been input in the database.

The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.

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

Utilization, with reference to the required service life
[H] ( 20000.000)
B1 B2
0.22 0.22

B1: Sh1l_Sh2 (Connecting rolling bearing)
B2: Sh2_Sh3 (Connecting rolling bearing)

Displacement [mm]
0.12—

0.10-

0.08

0.06-

0.04

0.02-

Rt

0.02—

-0.04—

0.06
00— | I

0 80 160 240 320
Axial direction Y [mm]

—— Components - Y-component
— Components - Arbitrary plane

I
400

Figure: Deformation (bending etc.) (Arbitrary plane 316.7722047 120)
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Stress [N/mm?2]

— Equivalent stress (GEH)

16.0—_ — Equivalent stress (SSH)

14.0-
12.01
10.01
8.0~
6.0~
a0 [T
204 | | |

-2.0

| T T T T T T T |- h I
0 |""807 160 " 240 7320 |[K00
YA — e

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

End of Report lines: 478

10/10



PRILOHA &. 5

Vystup z programu KISSsoft

Celni ozubena soukoli



KISSsoFT

Calkculabon programs for meching derign

KISSsoft Release 03/2015 F

KISSsoft - student license (not for commercial use)

File
Name chain_4
Changed by: Maca on: 15.05.2016 at: 22:20:04
CALCULATION OF SPUR GEARS
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Gear 3: 0.000.0
Gear 4: 0.000.0
Calculation method DIN 3990:1987 Method B
------ GEAR 1 --------- GEAR 2 --------- GEAR 3---------- GEAR 4 ------

Number of planets/intermediate wheels

[No.wheel] 1) 1 1 (2)
Power (W) [P] 251.33
Speed (1/min) [n] 2.0 1.3 0.8 1.3
Torque (Nm) [T] 1200.0 0.0 0.0 1800.0
Application factor [KA] 1.25
Required service life (h) [H] 20000.00
Gear driving (+) / driven (-) + -I+ -+ -
Working flank gear 1: Right flank
1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to
DIN 3960:1987)
------ GEAR 1 --------- GEAR 2 --------- GEAR 3---------- GEAR 4 ------

Center distance (mm) [a] 151.250 242.000 242.000
Centre distance tolerance 1ISO 286:2010 Measure js7 ISO 286:2010 Measure js7 ISO 286:2010
Measure js7
Normal module (mm) [mn] 5.5000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 0.0000
Number of teeth [2] 22 33 55 33
Facewidth (mm) [b] 50.00 50.00 50.00 50.00
Hand of gear Spur gear
Accuracy grade [Q-DIN3961:1978] 6 6 6 6
Inner diameter (mm) [di] 0.00 0.00 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00 0.00 0.00

Material
Gear 1:

Gear 2:

Gear 3:

Gear 4.
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18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28



Surface hardness

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

Yield point (N/mm?)

Young's modulus (N/mm?)

Poisson's ratio

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

Gear reference profile 1:
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient

Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Gear reference profile 2:
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient

Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Gear reference profile 3:
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient

Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Gear reference profile 4:
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient

Tip radius factor
Protuberance height factor
Protuberance angle
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1.25/0.38/ 1.0 1SO 53.2:1997 Profil A

1.25/0.38/ 1.0 1SO 53.2:1997 Profil A

1.25/0.38/1.01S0O 53.2:1997 Profil A

1.25/0.38/1.01S0O 53.2:1997 Profil A
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------ GEAR 1 --------- GEAR 2 --------- GEAR 3---------- GEAR 4
HRC 61 HRC 61 HRC 61 HRC 61
[sigFlim] 430.00 430.00 430.00
[sigHlim] 1500.00 1500.00 1500.00
[Rm] 1200.00 1200.00 1200.00
[sigs] 850.00 850.00 850.00
[E] 206000 206000 206000
[ny] 0.300 0.300 0.300
[RAH] 0.60 0.60 0.60
[RAF] 3.00 3.00 3.00
[RZH] 4.80 4.80 4.80
[RZF] 20.00 20.00 20.00
[hfP*] 1.250
[rhofP*] 0.380 (rhofPmax*=0.472)
[haP*] 1.000
[rhoaP*] 0.000
[hprP*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250
[rhofP*] 0.380 (rhofPmax*=0.472)
[haP*] 1.000
[rhoaP*] 0.000
[hprP*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250
[rhofP*] 0.380 (rhofPmax*=0.472)
[haP*] 1.000
[rhoaP*] 0.000
[hprP*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250
[rhofP*] 0.380 (rhofPmax*=0.472)
[haP*] 1.000
[rhoaP*] 0.000
[hprP*] 0.000
[alfprP] 0.000

430.00
1500.00
1200.00

850.00

206000
0.300
0.60
3.00
4.80
20.00



Tip form height coefficient
Ramp angle

Summary of reference profile gears:
Dedendum reference profile

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

Tip form height coefficient

Ramp angle (°)

Type of profile modification:
Tip relief (um)

Lubrication type
Type of grease
Lubricant base

Kinem. viscosity base oail at 40 °C (mm?/s)
Kinem. viscosity base oail at 100 °C (mm?/s)
FZG-Test A/8.3/90 step

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

Overall transmission ratio

Gear ratio

Transverse module (mm)

Pressure angle at pitch circle (°)
Working transverse pressure angle (°)

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

Base helix angle (°)

Reference centre distance (mm)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness (Arc) (module) (module)

Tip alteration (mm)

Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)
(mm)
190.806/ 190.796
Tip diameter allowances (mm)
-0.010
Tip form diameter (mm)
(mm)
190.806/ 190.796
Active tip diameter (mm)
190.806/
Operating pitch diameter (mm)
(mm)
(mm)
(mm)
302.529/ 302.471
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none (only running-in)

[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250 1.250 1.250 1.250
[rofP*] 0.380 0.380 0.380 0.380
[haP*] 1.000 1.000 1.000 1.000
[hprP*] 0.000 0.000 0.000 0.000
[alfprP] 0.000 0.000 0.000 0.000
[hFaP*] 0.000 0.000 0.000 0.000
[alfKP] 0.000 0.000 0.000 0.000
[Ca] 2.00 2.00 2.00 2.00
Grease lubrication
Grease: Isoflex Topas NCA51
Synthetic oil based on Polyalphaolefin
[nu40] 30.00
[nu100] 6.00
[FZGtestA] 10
[roOil] 0.870
[TS] 70.000
------ GEAR 1 --------- GEAR 2 --------- GEAR 3---------- GEAR 4 ------
[itot] -1.500
[u] 1.500 1.667 1.667
[mt] 5.500
[alft] 20.000
[alfwi] 20.000 20.000 20.000
[alfwt.efi] 20.021/ 19.979 20.015/ 19.985 20.015/ 19.985
[alfwn] 20.000 20.000 20.000
[betaw] 0.000 0.000 0.000
[betab] 0.000
[ad] 151.250 242.000 242.000
[Summexi] 0.0000 0.0000 0.0000
[x] 0.1540 -0.1540 0.1540 -0.1540
[sn*] 1.6829 1.4587 1.6829 1.4587
[k*mn] 0.000 0.000 0.000 0.000
[d] 121.000 181.500 302.500 181.500
[db] 113.703 170.554 284.257 170.554
[da] 133.694 190.806 315.194 190.806
[da.efi] 133.694/ 133.684 190.806/ 190.796 315.194/ 315.184
[Ada.efi] 0.000/ -0.010 0.000/ -0.010 0.000/ -0.010 0.000/
[dFa] 133.694 190.806 315.194 190.806
[dFa.efi] 133.694/ 133.684 190.806/ 190.796 315.194/ 315.184
[dNa.e/i] 133.694/ 133.684 190.806/ 190.796 315.194/ 315.184
190.796
[dw] 121.000 181.500/181.500 302.500/302.500 181.500
[dw.e] 121.016 181.524/181.517 302.529/302.529 181.517
[dw.i] 120.984 181.476/181.483 302.471/302.471 181.483
[dw.efi] 121.016/ 120.984 181.524/ 181.476 181.517/ 181.483



Root diameter (mm)

Generating Profile shift coefficient

-0.1902

Manufactured root diameter with xE (mm)
(mm)

Theoretical tip clearance (mm)

Effective tip clearance (mm)

Effective tip clearance (mm)

Active root diameter (mm)

(mm)
(mm)
Root form diameter (mm)
(mm)
172.207
Reserve (dNf-dFf)/2 (mm)
Addendum (mm)
(mm)
Dedendum (mm)
(mm)
Roll angle at dFa (°)
Roll angle to dNf (°)
9.817
Roll angle at dFf (°)
Tooth height (mm)
Virtual gear no. of teeth
Normal-tooth thickness at tip circle (mm)
(mm)
Normal space width at root circle (mm)
(mm)

Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root
Sliding factor on tip
Sliding factor on root
Pitch on reference circle (mm)
Base pitch (mm)
Transverse pitch on contact-path (mm)
Length of path of contact (mm)
(mm)
Length T1-A (mm)
Length T1-B (mm)
Length T1-C (mm)
Length T1-D (mm)
Length T1-E (mm)
Diameter of single contact point B (mm)
(mm)
(mm)
Diameter of single contact point D (mm)
(mm)
(mm)

Transverse contact ratio

Transverse contact ratio with allowances
Overlap ratio

Total contact ratio

Total contact ratio with allowances

4/10

KISSsoFT

Calkculabon programs for meching derign

[df] 108.944 166.056 290.444 166.056
[XE.efi] 0.1365/ 0.1265 -0.1777/ -0.1902 0.1215/ 0.1065 -0.1777/
[df.€] 108.751 165.795 290.087 165.795
[df.i] 108.642 165.658 289.922 165.658

[c] 1.375 1.375/1.375 1.375/1.375 1.375
[c.e] 1.599 1.551/1.664 1.602/ 1.602 1.664

[c.i] 1.486 1.451/1.531 1.483/1.483 1.531
[dNf] 115.105 173.743/173.062  295.297/295.297 173.062
[dNf.€] 115.127 173.769/173.089  295.340/295.340 173.089
[dNf.i] 115.087 173.721/173.040 295.261/295.261 173.040
[dFf] 114.583 172.371 294.307 172.371
[dFf.efi] 114.515/114.477 172.263/172.207 294.038/293.915 172.263/
[cF.efi] 0.325/ 0.286 0.441/0.389 0.712/ 0.612 0.441/ 0.389
[ha = mn * (haP*+x)] 6.347 4.653 6.347 4.653
[ha.efi] 6.347/ 6.342 4.653/ 4.648 6.347/ 6.342 4.653/ 4.648

[hf = mn * (hfP*-x)] 6.028 7.722 6.028 7.722
[ht.efi] 6.124/6.179 7.852/7.921 6.207/ 6.289 7.852/7.921
[xsi_dFa.eli] 35.438/35.428 28.739/28.731 27.449/27.444  28.739/28.731
[xsi_dNf.e/i] 9.097/ 8968 11.177/ 11.092

[xsi_dNf.efi] 9.915/ 9.817 16.155/ 16.096
[xsi_dNf.efi] 16.155/ 16.096 9.915/
[xsi_dFf.efi] 6.860/ 6.698 8.130/ 7.995 15.159/15.062 8.130/ 7.995
[H] 12.375 12.375 12.375 12.375
[zn] 22.000 33.000 55.000 33.000
[san] 3.584 4.281 4.159 4.281
[san.efi] 3.513/3.463 4.186/ 4.129 4.028/ 3.961 4.186/ 4.129
[efn] 0.000 0.000 4.245 0.000
[efn.efi] 0.000/ 0.000 0.000/ 0.000 4.291/ 4.312 0.000/ 0.000
[vga] 0.005 0.004/ 0.003 0.004/ 0.004 0.003
[zetaa] 0.686 0.686/ 0.439 0.641/0.641 0.439

[zetaf] -2.184 -2.184/ -1.783  -0.782/ -0.782 -1.783
[Kga] 0.399 0.323/0.207 0.288/ 0.288 0.207

[Kaf] -0.323 -0.399/ -0.288  -0.207/ -0.207 -0.288

[pt] 17.279

[pbt] 16.237

[pet] 16.237

[ga] 26.206 28.095 28.095

[ga.efi] 26.264/ 26.127 28.162/ 28.005 28.162/ 28.005

[T1A] 8.957 14.679 39.995

[T1B] 18.926 26.537 51.853

[T1iC] 20.692 31.038 51.731

[T1D] 25.194 30.915 56.232

[T1E] 35.163 42.773 68.090

[d-B] 119.838 182.738/ 178.621 305.696/ 302.584 181.416
[d-B.€e] 119.838 182.696/ 178.621 305.647/ 302.584 181.370
[d-B.i] 119.832 182.787/ 178.615 305.754/ 302.576 181.470
[d-D] 124.367 178.621/ 181.416 302.584/ 305.696 178.621
[d-D.€] 124.320 178.621/ 181.370 302.584/ 305.647 178.621
[d-D.i] 124.424 178.615/ 181.470 302.576/ 305.754 178.615
[eps_a] 1.614 1.730 1.730

[eps_a.eli] 1.618/1.609 1.734/1.725 1.734/1.725

[eps_b] 0.000 0.000 0.000

[eps_g] 1.614 1.730 1.730

[eps_g.eli] 1.618/1.609 1.734/1.725 1.734/1.725



2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)

Axial force (N)

Radial force (N)

Normal force (N)

Nominal circumferential force per mm (N/mm)
Circumferential speed reference circle (m/s)
Circumferential speed operating pitch circle (m/s)

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

Axial force (N)

Radial force (N)

Running-in value (um)

Running-in value (um)

Gear body coefficient

Correction coefficient

Reference profile coefficient

Material coefficient

Singular tooth stiffness (N/mm/um)

Meshing stiffness (N/mm/um)

Reduced mass (kg/mm)

Resonance speed (min-1)

Resonance ratio (-)

Running-in value (um)

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

Load according DIN 3990-1:1987 Diagram 6.8
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8¢e)

Factor K' according to DIN 3990-1:1987 diagram 6.8

support effect (0: without, 1: with)

Tooth trace deviation (active) (um)

from deformation of shaft (um)

Flankline correction

(O:without, 1:crowned, 2:Tip relief, 3:full modification)

[Ft]

[Fa]

[Fr]
[Fnorm]
w]

M

[v(dw)]

[Ftw]
[Fa]
[Fr]

[yp]
[vf]
[CR]
[CM]
[CBS]
[E/Est]
[c]
[ca]
[mRed]
[nE1]
[N]
[yal

1

[S]
[dsh]
[]

K]

[Fby]
[fsh*B1]

19834.7
0.0
7219.2
21107.7
396.69

0.01

19834.711
0.0
7219.244

0.7
0.8
1.000
0.800
0.975
1.000
12.598
18.399
0.035
9982
0.000
0.675
100.000
10.000
50.000
4

-1.00

4.25
3.78

(4:Slightly crowned, 5:Helix angle modification, 6:Helix angle modification with crowning)

Position of Contact pattern
(C:inappropriate, 1:favorable, 2:optimal)
from production tolerances (um)
(B2=

1.00/ 1.00/ 1.00)
Tooth trace deviation, theoretical (um)
Running-in value y.b (um)

Dynamic factor

Face load factor - flank
- Tooth root
- Scuffing

Transverse load factor - flank
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[fma*B2]

[Fbx]
[yb]

[KV]
[KHD]
[KFb]

[KBb]

[KHa]

1

10.00

5.00

0.75

1.00

1.08

1.06

1.08

1.00
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19834.7
0.0
7219.2
21107.7
396.69
0.01

0.01

19834.711
0.0/ 0.0
7219.244

0.8
0.8
1.000
0.800
0.975
1.000
13.601
21.051
0.080
4686
0.000
0.750
100.000
10.000
50.000
4

-1.00

4.25
4.22

10.00

5.00

0.75

1.00

1.09

1.07

1.09

1.00

19834.7
0.0
7219.2
21107.7
396.69

0.02

19834.711
0.0/ 0.0
7219.244

0.8
0.8
1.000
0.800
0.975
1.000
13.601
21.051
0.080
2812
0.000
0.750
100.000
10.000
50.000

-1.00

4.25
4.22

10.00

5.00

0.75

1.00

1.09

1.07

1.09

1.00

0.0
7219.2
21107.7

0.0



- Tooth root
- Scuffing

Helical load factor scuffing

Number of load cycles (in mio.)

3. TOOTH ROOT STRENGTH

[KFa]
[KBa]

[Kbg]

[NL]

Calculation of Tooth form coefficients according method: B

Calculated with profile shift
Tooth form factor

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

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

Contact ratio factor

Helix angle factor

Effective facewidth (mm)

Nominal stress at tooth root (N/mm?)

Tooth root stress (N/mm?)

Permissible bending stress at root of Test-gear
Notch sensitivity factor

Surface factor

size factor (T ooth root)

Finite life factor

¥

[YF]
[YS]
[hF]
[alfFen]
[sFn]
[roF]

[Yeps]
[Ybet]
[beff]
[sigFO0]
[sigF]

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

Alternating bending factor (mean stress influence coefficient)

Stress correction factor

Yst*sigFlim (N/mm?)

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

Safety for Tooth root stress
Transmittable power (W)

4. SAFETY AGAINST PITTING (TOOTH FLANK)

Zone factor

Elasticity coefficient (VYN/mm)

Contact ratio factor

Helix angle factor

Effective facewidth (mm)

Nominal flank pressure (N/mm?)

Surface pressure at operating pitch circle (N/mm?)

Single tooth contact factor
Flank pressure (N/mm?)

Lubrication coefficient at NL
Speed coefficient at NL
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[YM]
[Yst]
[SigFE]

[sigFP=sigFG/SFmin]

[sigFG]

[SFmin]
[SF=sigFG/sigF]
[WRating]

(Zeps]
[Zbet]
[beff]
[sigHO]

[sigHw]
[2B,zD]
[sigHB, sigHD]

(zL]
(2V]

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
2.400 1.600 0.960
--------- GEAR 2 === GEAR 3--------- GEAR 4 -
0.15 -0.15 0.15
1.38 1.60/ 1.44 1.13/1.13
1.99 1.79/ 1.85 2.24/2.24
5.37 5.98/ 5.33 5.15/5.15
20.15 18.65/17.38  20.06/ 20.06
11.32 11.13/11.13  12.24/12.24
2.84 3.26/3.26 2.58/ 2.58
1.00 1.00 1.00
1.00 1.00 1.00
50.00 50.00/50.00  50.00/ 50.00
198.21 207.63/192.73  183.38/183.38
262.51 274.99/257.29 244.81/244.81
0.995 0.985/0.987  1.013/1.013
0.958 0.960 0.963
0.995 0.995 0.996
1.026 1.075 1.139
1.000 0.700 0.700
2.00
860.00 860.00 860.00
597.74 435.03/436.00 475.91/475.91
836.84 609.04/610.41  666.28/ 666.28
1.40 1.40 1.40
3.19 2.21/2.37 2.72/2.72
572.27 397.60/425.90 488.59/488.59
--------- GEAR 2 ------- GEAR 3-------- GEAR 4 -----
2.49 2.49 2.49
189.81 189.81 189.81
0.892 0.870 0.870
1.000 1.000 1.000
50.00 50.00 50.00
987.09 770.18 770.18
1146.32 899.13 899.13
1.02 1.00/ 1.04 1.00/ 1.00
1165.90 1146.32/932.67  899.85/899.85
0.959 0.964/0.964  0.971/0.971
0.965 0.969/0.969  0.975/0.975
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1.600

-0.15
1.44
1.85
5.33

17.38

11.13
3.26

50.00
192.73
257.29

0.987
0.960
0.995
1.075

1.000

860.00
622.86
872.01

1.40

3.39

608.42

1.04
932.67

0.964
0.969



Roughness coefficient at NL

Work hardening factor at NL

Finite life factor

Small no. of pittings permissible:

Size factor (flank)

Permissible surface pressure (N/mm?)
Limit strength pitting (N/mm?)

Required safety

Safety for surface pressure at operating pitch circle

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

4b. MICROPITTING ACCORDING TO

[ZR] 0.987
[zwW] 1.000
[ZNT] 1.258
no

[zX] 1.000
[sigHP=sigHG/SHmin]  1722.83
[sigHG] 1722.83
[SHminN] 1.00
[SHw] 1.50
[SHBD=sigHG/sigHBD] = 1.48
[(SHBD)"2] 2.18
[WRating] 548.78

ISO/TR 15144-1:2014

Pairing Gear 1-2:

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

Pairing Gear 2-3:

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

Pairing Gear 3-4:

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to

DIN 3990:1987

The calculation of load capacity for scuffing does not cover grease.

The FZG-Test stage
grease.

The calculation can only serve as a rough guide.!

Lubrication coefficient (for lubrication type)

Relative structure coefficient (Scuffing)
Thermal contact factor (N/mm/s”.5/K)
Relevant tip relief (um)

Optimal tip relief (um)

Cataken as optimal in the calculation (0=no, 1=yes)

Effective facewidth (mm)

Applicable circumferential force/facewidth (N/mm)

Angle factor

Flash temperature-criteria

Tooth mass temperature (°C)
theM-B = theoil + XS*0.47*theflamax
Scuffing temperature (°C)

Coordinate gamma (point of highest temp.)
1) [Gamma.A]=-0.567 [Gamma.E]=0.699
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[XS] 1.200
[XWrelT] 1.000
[BM] 13.780

[Ca] 2.00

[Ceff] 39.36

0

[beff] 50.000
[wBt] 535.002
[Xalfbet] 0.978
[theM-B] 78.68
[theflamax] 15.39
[theS] 364.68
[Gamma] -0.567
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617.80/943.75

0.988/0.994
1.000/ 1.000
1.297

1.000
1797.25/1807.33
1797.25/1807.33

0.995/0.995
1.000/ 1.000
1.348

1.000
1904.28/1904.28
1904.28/1904.28

1.00
1.57/2.01 2.12/2.12
1.57/1.94 2.12/2.12
2.46/ 3.76 4.48/ 4.48

1125.55/1125.55

0.994
1.000
1.297

1.000

1807.33
1807.33

1.00

2.01
1.94
3.76

943.75

[FZGtestA] is only estimated for

1.000
13.780
2.00
36.46
0/ 0
50.000

540.656
0.978

76.04

10.71
364.68

-0.527

1.000
13.780
2.00
36.46
0/ 0
50.000

540.656
0.978

76.04

10.71
364.68

-0.527

13.780
2.00



2) [Gamma.A]=-0.527 [Gamma.E]=0.378
3) [Gamma.A]=-0.227 [Gamma.E]=0.316
Highest contact temp. (°C)

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

Geometry factor

Load sharing factor

Dynamic viscosity (mPa*s)

Coefficient of friction

Required safety

Safety factor for scuffing (flash temperature)

Integral temperature-criteria

Tooth mass temperature (°C)
theM-C = theoil + XS*0.70*theflaint
Integral scuffing temperature (°C)
Flash factor (°(K*NA-.75*s".5*m”-.5*mm)
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 transferred torque

6. MEASUREMENTS FOR TOOTH THICKNESS

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

Number of teeth spanned

Base tangent length (no backlash) (mm)
Actual base tangent length ('span’) (mm)
Actual base tangent length ('span’) (mm)
Diameter of contact point (mm)

Theoretical diameter of ball/pin (mm)
Eff. Diameter of ball/pin (mm)

Theor. dim. centre to ball (mm)
Actual dimension centre to ball (mm)
Actual dimension centre to ball (mm)
Diameter of contact point (mm)

[theB]
[XM]
[XB]
[XGam]
[etaM]
[mym]
[SBmin]
[SB]

[theM-C]
[theflaint]
[theSint]
[XM]
[Xeps]
[etaOil]
[mym]
[XBE]
[XQl
[XCa]
[theint]
[SSmin]
[SSint]
[SSL]

DIN 3967 cd25

[As.€]
[As.i]

K

[(WK]
[Wk.€]
[Wk.i]
[dMWk.m]

(DM]
[DMeff]
[MrK]
[MrK.e]
[MrK.i]
[dMMr.m]

Diametral measurement over two balls without clearance (mm)

Actual dimension over balls (mm)
Actual dimension over balls (mm)
Actual dimension over rolls (mm)
Actual dimension over rolls (mm)
Actual dimensions over 3 rolls (mm)
Actual dimensions over 3 rolls (mm)

Tooth thickness (chordal) in pitch diameter (mm)
(mm)
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[MdK]
[MdK.€]
[MdK.i]
[MdR.€]
[MdR.i]
[Md3R.¢€]
[Md3R.i]

['sn]
['sn.e]
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94.07 86.75 86.75
50.058 50.058 50.058
0.428 0.379 0.379
0.333 0.333 0.333
7.86 8.38 8.38
0.618 0.541 0.541
2.000
12.236 17.578 17.578
77.52 73.80 73.80
8.95 4.53 4.53
364.68 364.68 364.68
50.058 50.058 50.058
0.243 0.312 0.312
9.76 9.76 9.76
0.502 0.450 0.450
0.428 0.213 0.213
1.000 1.000 1.000
1.020 1.032 1.032
90.95 80.60 80.60
1.800
4.01 4.52 4.52
14.07 27.81 27.81
GEAR 1 --------- GEAR 2 GEAR 3 GEAR 4 ------
DIN 3967 cd25 DIN 3967 cd25 DIN 3967 cd25
-0.070 -0.095 -0.130 -0.095
-0.110 -0.145 -0.190 -0.145
3.000 4.000 7.000 4.000
42.866 58.791 110.355 58.791
42.800 58.702 110.233 58.702
42.762 58.655 110.176 58.655
121.485 180.366 304.872 180.366
9.788 9.200 9.416 9.200
10.000 10.000 10.000 10.000
68.587 97.530 159.589 97.530
68.513 97.415 159.433 97.415
68.471 97.354 159.361 97.354
122.858 181.158 305.026 181.158
137.173 194.851 319.051 194.851
137.026 194.620 318.740 194.620
136.942 194.498 318.596 194.498
137.026 194.620 318.740 194.620
136.942 194.498 318.596 194.498
0.000 194.411 318.614 194.411
0.000 194.289 318.470 194.289
9.247 8.020 9.254 8.020
9.177 7.925 9.124 7.925
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(mm) ['sn.i] 9.137 7.875 9.064 7.875
Reference chordal height from da.m (mm) [ha] 6.521 4.739 6.415 4.739
Tooth thickness (Arc) (mm) [sn] 9.256 8.023 9.256 8.023
(mm) [sn.e] 9.186 7.928 9.126 7.928
(mm) [sn.i] 9.146 7.878 9.066 7.878
Backlash free center distance (mm) [aControl.efi] 151.022/150.897 241.689/241.536 241.689/241.536
Backlash free center distance, allowances (mm) [ita] -0.228/ -0.353 -0.311/ -0.464 -0.311/ -0.464
dNf.i with aControl (mm) [dNfO.i] 114.799 172.620 294.570 172.620
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO.i] 0.142 0.179 0.266 0.179
Centre distance allowances (mm) [Aa.efi] 0.020/ -0.020 0.023/ -0.023 0.023/ -0.023
Circumferential backlash from Aa (mm) [itw_Aa.efi] 0.015/ -0.015 0.017/ -0.017 0.017/ -0.017
Radial clearance (mm) [irw] 0.373/0.208 0.487/0.288 0.487/0.288
Circumferential backlash (transverse section) (mm)
[itw] 0.270/0.150 0.352/0.208 0.352/0.208
Normal backlash (mm) [inw] 0.253/0.141 0.331/0.196 0.331/0.196
Total rotation angle (°) [i-tSys] 0.6143/0.3580

(j.tSys: Rotation angle of gear4 bei festgehaltenem Rad1l)

7. GEAR ACCURACY

------ GEAR 1 -------- GEAR 2 ------- GEAR 3------- GEAR 4 ------

According to DIN 3961:1978

Accuracy grade [Q-DIN3961] 6 6 6 6
Profile form deviation (um) [ff] 10.00 10.00 10.00 10.00
Profile slope deviation (um) [fHa] 7.00 7.00 7.00 7.00
Total profile deviation (um) [Ff] 13.00 13.00 13.00 13.00
Helix form deviation (um) [fbf] 8.00 8.00 8.00 8.00
Helix slope deviation (um) [fHb] 10.00 10.00 10.00 10.00
Total helix deviation (um) [Fb] 13.00 13.00 13.00 13.00
Normal base pitch deviation (um) [fpe] 9.00 9.00 10.00 9.00
Single pitch deviation (um) [fp] 9.00 9.00 10.00 9.00
Adjacent pitch difference (um) [fu] 11.00 11.00 12.00 11.00
Total cumulative pitch deviation (um) [Fp] 29.00 34.00 39.00 34.00
Sector pitch deviation over z/8 pitches (um) [Fpz/8] 18.00 22.00 25.00 22.00
Runout (um) [Fr] 22.00 25.00 28.00 25.00
Single flank composite, total (um) [Fi' 33.00 38.00 42.00 38.00
Single flank composite, tooth-to-tooth (um) [fi"] 15.00 15.00 16.00 15.00
Radial composite, total (um) [Fi"] 25.00 28.00 32.00 28.00
Radial composite, tooth-to-tooth (um) [fi"] 11.00 12.00 14.00 12.00

Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality  6)
Maximum value for deviation error of axis (um) [fSigbet] 15.00 15.00 15.00
Maximum value for inclination error of axes (um) [fSigdel] 30.00 30.00 30.00

8. ADDITIONAL DATA

Minimum possible center distance (mm):
al3 > 163.350

Weight - calculated with da (kg) [Mass] 5.496 11.195 30.548 11.195
Total weight (kg) [Mass] 58.433

Moment of inertia (System referenced to wheel 1):

calculation without consideration of the exact tooth shape

single gears  ((da+df)/2...di) (kg*m?) [TraeghMom] 0.00829 0.03881 0.32225 0.03881
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System ((da+df)/2...di) (kg*m?) [TraeghMom] 0.09435

Mean coeff. of friction (acc. Niemann) [mum] 0.074 0.061 0.061
Wear sliding coef. by Niemann [zetw] 1.107 0.963 0.905
Gear power loss (W) [PVZ] 3.110 1.890 1.890
Total efficiency 0.973

9. DETERMINATION OF TOOTH FORM

Data for the tooth form calculation :
Data not available.

10. SERVICE LIFE, DAMAGE

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

Service life (calculated with required safeties):

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

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

Damage calculated on basis of required service life (

20000.0 h)
F1% F2% F3% F4% H1% H2% H3% H4%
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

REMARKS:
- Specifications with [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
KHa, KFa according to method B

End of Report lines: 554
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Mubea

Version 19.7.98

Disc Springs, Data Sheet
group 2

part./drawing no.: 18 0070

project:

15.5.2016

Muhr und Bender, Tellerfedern und Spannelemente GmbH, Postfach 120, 57564 Daaden
phone.: sales: 02743/806-184, -194, Fax.:-188; engineering: 02743/806-268, -134, -135, Fax.: -292

characteristic of stack

" 90000
% 80000 5
11 70000
-
[ g 60000
— "
dimensions 50000
outer diam.: D= 63,000 mm
inner diam.: Di= 31,000 mm spriné—0000
thickness: t= 3,500 mm loadzpooo
red. thickness: t'= 3,500 mm in N o
spring height: lo= 4,900 mm 20000
data ho= 1,400 mm 10000
ho/t= 0,400 ho= 1,400 mm 0 o
ho/t= 0,400 D/D;= 2,032 000 200 400 600 800 10,00 12,00
stack: 32 springs as travel in mm
8 pacets 4 times stacked
load points calculated load points
of one spring stresses of stack
load- height| travels load F o Gy Gy G om height| travels load F
point mm mm N MPa mm mm N
0 4,900 123,200
1 4,492 0,408 6250 -842 452 440 -444 | 119,935 3,265 25000
2 3,954 0,946 13656 | -1848 1148 955 -1029 | 115,635 7,565 54623
3 3,726 1,174 16636 | -2241 1478 1153  -1278 | 113,808 9,392 66544
Flat 3,500 1,400 19545 [ -2609 1826 1335 -1524 | 112,000 11,200 78181
specification
material: 50Crv 4 Youngs-modulus: 206000 MPa
surface finish: shot peening temperature: 20 °C
corrosion prot.: phosphated and oiled
fatigue life of Mubea springs please contact Mubea!
more than 2 springs stacked!
travel: 4,30 mm between 11 : 119,93 mm and12: 115,64 mm
remarks
Load tolerance: +10/-5% at 75% of hO of one spring
tolerance inner diam.: 31,000 mm to 31,250 mm
tolerance outer diam.: 62,700 mm to 63,000 mm
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roup 2
Mubea group
part./drawing no.: 18 0070
Version 10.7.98 project: 0
15.5.2016 Muhr und Bender, Tellerfedern und Spannelemente GmbH, Postfach 120, 57564 Daaden
0 phone.: sales: 02743/806-184, -194, Fax.:-188; engineering: 02743/806-268, -134, -135, Fax.: -292
characteristic of stack
90000 W points1to5 2500
—load F
—A—s |
80000 —x—sl 1als 12000
—*—s I /X)a
—@—sOM 1500
70000 Ty X
X
PEE= o 1000
et ol %
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BN M / 500
~ 5
X
spring@000 -ﬁ 0 stress
ST a
40000 A “X‘H\% -500
A 0.
-1000
30000 al . \m
A
/ 25000 L G, -1500
20000
= -2000
10000 -
\A.\A -2500
0 /U -3000
0,00 2,00 4,00 6,00 10,00 12,00
travel in mm
stack: 32 springs as 8 pacets 4 times stacked
dimensions load points
outer diam.: D= 63,00 mm of stack
inner diam.: D= 31,00 mm height| travels load F
thickness: t= 3,50 mm mm mm N
red. thickness: t'= 3,50 mm 123,200 0,000 0
spring height: lp= 4,90 mm 119,935 3,265 25000
material: 50CrV 4 115,635 7,565 54623
Youngs-modulus: 206000 MPa at 20 °C 112,000 11,200 78181




Disc Springs, Data Sheet
Mubea group 2
part./drawing no.: 18 0070
Version 10.7.98 project: 0
15.5.2016 Muhr und Bender, Tellerfedern und Spannelemente GmbH, Postfach 120, 57564 Daaden
0 phone.: sales: 02743/806-184, -194, Fax.:-188; engineering: 02743/806-268, -134, -135, Fax.: -292
load points calculated load points
of one spring stresses of stack
height | travels load F 7 o S Gom | heightl travels load F  stiffness
mm mm N MPa mm mm N N/mm
4,90 0,000 0 0 0 0 0 123,20 0,000 0 8097
4,84 0,056 899 -119 58 63 -61 122,75 0,448 3598 7966
4,79 0,112 1785 -238 117 125 -122 | 122,30 0,896 7138 7840
4,73 0,168 2656 -354 178 186 -183 | 121,86 1,344 10623 7719
4,68 0,224 3514 -470 240 246 -244 | 121,41 1,792 14056 7604
4,62 0,280 4359 -585 303 306 -305 | 120,96 2,240 17437 7494
4,56 0,336 5193 -698 367 365 -366 | 120,51 2,688 20771 7390
4,51 0,392 6015 -810 432 423 -427 | 120,06 3,136 24059 7290
4,45 0,448 6826 -920 499 480 -488 | 119,62 3,584 27304 7197
4,40 0,504 7627 -1030 567 537 -549 | 119,17 4,032 30508 7108
4,34 0,560 8419 -1138 637 593 -609 | 118,72 4,480 33674 7025
4,28 0,616 9201 -1245 707 648 -670 | 118,27 4,928 36804 6947
4,23 0,672 9975 -1350 779 702 -731 | 117,82 5,376 39900 6875
4,17 0,728 10741 -1455 852 755 -792 | 117,38 5,824 42965 6808
4,12 0,784 11500 -1558 926 808 -853 | 116,93 6,272 46001 6746
4,06 0,840 12253 -1660 1002 860 -914 | 116,48 6,720 49010 6690
4,00 0,896 12999 -1760 1079 911 -975 | 116,03 7,168 51996 6639
3,95 0,952 13740 -1860 1157 961 -1036 | 115,58 7,616 54960 6594
3,89 1,008 14476 -1958 1236 1010 -1097 | 115,14 8,064 57904 6553
3,84 1,064 15208 -2055 1317 1059 -1158 | 114,69 8,512 60832 6519
3,78 1,120 15936 -2150 1398 1107 -1219 | 114,24 8,960 63746 6489
3,72 1,176 16662 -2245 1481 1154 -1280 | 113,79 9,408 66647 6465
3,67 1,232 17385 -2338 1566 1201 -1341 | 113,34 9,856 69539 6446
3,61 1,288 18106 -2429 1651 1246 -1402 | 112,90 10,304 72424 6433
3,56 1,344 18826 -2520 1738 1291 -1463 | 112,45 10,752 75304 6425
3,50 1,400 19545 -2609 1826 1335 -1524 | 112,00 11,200 78181 6422
stack: 32 springs as 8 pacets 4 times stacked
dimensions load points
outer diam.: D= 63,00 mm of stack
inner diam.: D= 31,00 mm load- height |  travels load F |
thickness: t= 3,50 mm point mm mm N
red. thickness: t'= 3,50 mm 0 123,200 0,000 0
spring height: lo= 4,90 mm 1 119,935 3,265 25000
material: 50Crv 4 2 115,635 7,565 54623
Youngs-modulus: 206000 MPa at 20 °C Flat 112,000 11,200 78181
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part./drawing no.: 18 0070
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15.5.2016 Muhr und Bender, Tellerfedern und Spannelemente GmbH, Postfach 120, 57564 Daaden
0 phone.: sales: 02743/806-184, -194, Fax.:-188; engineering: 02743/806-268, -134, -135, Fax.: -292
remarks
max upper stress: 1278 MPa
Stresses sigma 2 and sigma 3 differ very much! Material may be better used.
max Compress. stress: -3431 MPa

more than 2 springs stacked!

setting at 20°C: 0,2 % after 48h 0,8 % after 1000h
setting at 100°C: 4,1 % after 48h 5,5 % after 1000h

calculated data

disc-angle at LO: 5,032 °

De at flat: 62,761 mm
Di at flat: 31,254 mm
center of rotation: 45,125 mm

tolerances concerning Mubea-disc-spring-handbook

Load tolerance: +10/-5 % at 75% of h0 of one spring

rel. min. load at disloading: 92,5 % at 75% of h0 of the stack
tolerance inner diam.: 31,000 mm to 31,250 mm
tolerance outer diam.: 62,700 mm to 63,000 mm
gap at inner diam.: 0,500 mm

gap at outer diam.: 0,800 mm

tolerance of thickness: 3,380 mm to 3,540 mm

tolerance of spring height: 4,750 mm to 5,200 mm
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Name : Srouby
File
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Bolt calculation according to VDI 2230:2014
INPUTS:
Configuration: Multi-bolted joint with arbitrary position of the screw
The forces are calculated under the assumption of rigid plates.
The validity of this assumption has to be checked by the user..
Calculation using assembly temperature
Assembly temperature (°C) [TM] 20.00
Thread standard Standard thread
Label M12
Pitch (mm) [P] 1.75
Flank angle (°) [B] 60.00
Reference diameter (mm) [d] 12.00
Flank diameter (mm) [d2] 10.86
Core diameter (mm) [d3] 9.85
Minor diameter inner thread (mm) [D1] 10.11
Flank diameter inner thread (mm) [D2] 10.86
Nominal cross section of thread (mm?) [AN] 113.10
Core cross section of the thread (mm?) [Ad3] 76.25
Thread manufacturing Final heat treated
Surface roughness (um) [Rz] 16.00
Axial force at flange (N) [FaU/FaO] 0.00/ 0.00
Shearing force at flange (N) [Fax] 7200.00
Shearing force at flange (N) [Fayl 7200.00
Torque at flange (Nm) [Mt] 6000.00
Bending moment at flange (Nm) [MbxU/MbxO] 0.00/ 0.00
Bending moment at flange (Nm) [MbyU/MbyOQ] 0.00/ 0.00
Required clamping force for sealing (N) [Fd] 0.00
Coefficient of friction between parts [M] 0.100
Number of screws [n] 18
Chosen screw [no.] 1
Axial force at single screw (N) [FAU/FAO] 0.00/ 0.00
Required clamping force:
For shearing force transmission (N) [FKQ] 35286.48
- Maximal clamping force applied
- Direction of shearing force is not taken into account
For sealing (N) [FKP] 0.00
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Load on single screws

No.

0 N g b~ WN =

©

10
11
12
13
14
15
16
17
18

X
112.50
105.72
86.18
56.25
19.54
-19.54
-56.25
-86.18
-105.72
-112.50
-105.72
-86.18
-56.25
-19.54
19.54
56.25
86.18
105.72

Center point for

SX
sy

[mm] Y [mm] Factor
0.00 1.00
38.48 1.00
72.31 1.00
97.43 1.00
110.79 1.00
110.79 1.00
97.43 1.00
72.31 1.00
38.48 1.00
0.00 1.00
-38.48 1.00
-72.31 1.00
-97.43 1.00
-110.79 1.00
-110.79 1.00
-97.43 1.00
-72.31 1.00
-38.48 1.00

Fa1 [N]

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

noload maximum load minimum load

0.000 0.000
-0.000 -0.000

Fa2 [N]

0.000
-0.000

Figure: Bolt positions

Tightening technique:

Tightening factor
Minim. tightening factor (scattering coef. of friction)

Load application factor
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[aA]

[amin]

]

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Dynamometric key (with guess of coefficient of friction)

1.60

1.00

0.70

KISSsoFT
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Fkerf [N]
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48
35286.48



Bolting type: SV 1

Length of connected solid (mm) [IA] 0.00
Distance of connected solid (mm) [ak] 0.00
Force application height (mm) [Ik] 24.50
Coef. of friction in thread [UG] 0.100/ 0.100
Coef. of friction at head support [UK] 0.100/ 0.100
Bolt type: Cylindrical screw with socket head bolt DIN EN ISO 4762:2004
Reference diameter (mm) [d] 12.00
Bolt length (mm) [ 65.00
Shank diameter (mm) [d1] 12.00
Shank length (mm) [11] 29.00
Thread length (mm) [b] 36.00
Outer diameter of head support (mm) [dw] 17.23
Inner diameter of head support (mm) [da] 13.70
Surface roughness (tip support) (um) [Rz] 16.00
Stressed cross section of screw (mm?) [As] 84.27
Height of bolt head (mm) [K] 12.00
Diameter of screw head (mm) [dK] 18.00
Free thread length (mm) [13] 6.00
Width across flats (mm) [s] 10.00
Reduction coefficient [kT] 0.50
Strength class 12.9
Tensile strength (N/mm?) [Rm] 1220.00
Yield point (N/mm?) [Rp0.2] 1100.00
Maximum yield point (N/mm?) [Rp,max] 1100.00
Young's modulus screw (N/mm?) [ES] 205000.00
Clamped parts: Plates

Number of parts [iP] 1

Part A

Material C45 (1)

Depth of Layer (mm) [hi] 35.00
Young's modulus (N/mm?) [Ep] 206000.00
Permissible surface pressure (N/mm?) [pG] 770.00
Surface roughness (um) [Rz] 16.00
Thread with pocket hole

Clamping length (mm) [IK] 35.00

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

No washer below screw head

Blind hole

Material

Counter bore depth (mm)
Young's modulus (N/mm?)
Surface roughness (um)
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ISO 273:1979 (DIN 273) fine

[dh]
[cK]

C45 (1)
[ts]

[Ep]

[Rz]

13.00
0.00

0.00
206000.00
16.00
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RESULTS:
Virtual outer diameter of base body:
Diameter (mm) [DA1 58.82
Diameter (mm) [DA] 58.82
Diameter limit (mm) [DA.Gr] 58.82
Cone angle (°) [o] 30.72
Resilience of flange (mm/N) [5P] 3.034996e-007
Addition for plate resilience (mm/N) [6Pzu] 1.699713e-007
Resilience of screw (mm/N) [3S] 2.395533e-006
Load factor for centric load introduction [en] 0.1228
Amount of embedding (mm) [fz] 0.0100
Preload loss (N) [FZ] 3705.03
required assembly preload:
-minimum (N) [FMmin] 38991.52
-maximum (N) [FMmax] 62386.42
Pretension force according table (N) [FMtab] 76000.00
Screw force at yield point (N) [FMO0.2] 93000.00
attained assembly preload:
-maximum (N) [FM] 75951.83
(utilization of yield strength (%) [%Re] 90.00)
Pretension force (N) [FV] 72246.80
Additional bolt load (N) [FSA] 0.00
Additional plate load (N) [FPA] 0.00
Fatigue load (N/mm?) [oa] 0.00
Screw extension at FMmin (mm) [fSmin] 0.09341

at FMmax (mm) [fSmax] 0.14945

at FM (mm) [fS] 0.18195
Part extension at FMmin (mm) [fTmin] 0.01183

at FMmax (mm) [fTmax] 0.01893

at FM (mm) [fT] 0.02305
Calculation with maximum attained pretension force:
(utilization of yield strength (%) [%Re] 90.00)
Mounting-Pretension force (N) [FM] 75951.83
Pretension force (N) [FV] 72246.80
Additional clamping force (reserve) (N) [FKres] 8478.38
Equivalent stress (N/mm?) [ored.M] 990.00
Equivalent stress (N/mm?) [ored.B] 941.77
Tightening torque (Nm) [MA] 127.93
Loose torque (Nm) [ML] 80.91
Surface pressure
(below screw head) (N/mm?) [pK] 885.71
Calculation with the minimum required assembly preload, tightening factor: 1.00
Mounting-Pretension force (N) [FMmin] 38991.52
Equivalent stress (N/mm?) [ored.M_FMmin] 508.24
Equivalent stress (N/mm?) [ored.B_FMmin] 483.48
Tightening torque (Nm) [MA_FMmin] 65.68
Loose torque (Nm) [ML_FMmin] 39.52
Surface pressure
(below screw head) (N/mm?) [pPK_FMmin] 454.70
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Calculation with the maximum required assembly preload with tightening factor: 1.60
Mounting-Pretension force (N) [FMmax] 62386.42
Additional clamping force (reserve) (N) [FKres] 8478.38
Equivalent stress (N/mm?) [ored.M_FMmax] 813.18
Equivalent stress (N/mm?) [ored.B_FMmax] 773.56
Tightening torque (Nm) [MA_FMmax] 105.08
Loose torque (Nm) [ML_FMmax] 65.72
Surface pressure
(below screw head) (N/mm?) [pPK_FMmax] 727.52
Remaining clamping force (N) [FKR] 35286.48
Permissible equivalent stress (N/mm?) [o.Mzul] 990.00
Permissible equivalent stress (N/mm?) [0.Bzul] 1100.00
Support area
(below screw head) (mm?) [ApK] 85.75
Permissible surface pressure
(below screw head) (N/mm?) [pKzul] 770
SUMMARY:
It is not permitted to exceed the yield point.
Calculation with the maximum required assembly preload with tightening factor: 1.60
Safety against yield point [SF] 1.42
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 1.06

Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.17
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 0.87

Calculation with minimum attained pretension force:
Safety against sliding [SG] 1.24
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Force [N]

] FM— FM (n=1)
72000 — EM
64000 . Ao v P
56000
48000 FM/alpha
40000 - ocmimemmm /A | S -EMmin

o e _errf
32000
24000
16000

8000
G I I I I I I I I I T

-0.16 -0.12 -0.08 -0.04 O
Length change [mm]

Figure: Display of restraint-diagram

Remarks:

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

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM / oA, FKerf = FKQ + FKP

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

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 245
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Transformace sil do st fedu naté €eni v Urovni p Fipojeni prodlouzeni

Rezné sily
0 15 0
Fposi=| 0 [kN Fo=| 0 [kN Fo= | 20 kN
=225 0 0

Vzdalenost feznych sil do po ¢éatku sou Fadnic pro vypo cet Sroub &

Mos = (-0.39 0 -0.060)m rg:=(-039 0 -0.140)m r,:=(-0.39 0.08 -0.140)m
Celkova sila v po ¢atku sou Fadnic pro vypo ¢et Sroub

15x% 107

Fo:=F

- ost Fat Fr=| —2x10* [N ...sfla v po¢atku souradnic

p
-2.25x% lO4

Celkovy moment v po ¢atku sou Fadnic pro vypo cet Sroub

0
My=ro d x Foo = 3 | (N
1= "pos * Fpos~| -8.775x 10
0

0
T _ 3
Mo:=r1y xF3=| 21x 10° |INHn

0
-2.8x 103
T _
Mg:=r1 xF = 0 (N[
78% 10°
—28x 10°
Mc:= Mg+ Mo+ Mg =| _1087x 104 N n ...moment v po¢atku souradnic

7.8 % 103
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Project
Name : Srouby
File
Name : Srouby_prodlouzeni
Changed by: Maca on: 15.05.2016 at: 23:05:57
Bolt calculation according to VDI 2230:2014
INPUTS:
Configuration: Multi-bolted joint with arbitrary position of the screw
The forces are calculated under the assumption of rigid plates.
The validity of this assumption has to be checked by the user..
Calculation using assembly temperature
Assembly temperature (°C) [TM] 20.00
Thread standard Standard thread
Label M10
Pitch (mm) [P] 1.50
Flank angle (°) [B] 60.00
Reference diameter (mm) [d] 10.00
Flank diameter (mm) [d2] 9.03
Core diameter (mm) [d3] 8.16
Minor diameter inner thread (mm) [D1] 8.38
Flank diameter inner thread (mm) [D2] 9.03
Nominal cross section of thread (mm?) [AN] 78.54
Core cross section of the thread (mm?) [Ad3] 52.29
Thread manufacturing Final heat treated
Surface roughness (um) [Rz] 16.00
Axial force at flange (N) [FaU/FaO] 0.00/ 0.00
Shearing force at flange (N) [Fax] 15000.00
Shearing force at flange (N) [Fay] -20000.00
Torque at flange (Nm) [Mt] 0.00
Bending moment at flange (Nm) [MbxU/MbxO] 2800.00/ 2800.00
Bending moment at flange (Nm) [MbyU/MbyO] -10870.00/ -10870.00
Required clamping force for sealing (N) [Fd] 0.00
Coefficient of friction between parts [M] 0.100
Number of screws [n] 16
Chosen screw [no.] 2
Axial force at single screw (N) [FAU/FAO] 11924.98/  11924.98
Required clamping force:
For shearing force transmission (N) [FKQ] 15625.00
- Use clamping force of chosen screw
- Direction of shearing force is not taken into account
For sealing (N) [FKP] 0.00
Load on single screws
No. X [mm] Y [mm] Factor Fal [N] Fa2 [N] Fkerf [N]
1 116.50 0.00 1.00 11663.09 11663.09 15625.00
2 107.63 44.58 1.00 11924.98 11924.98 15625.00
3 82.38 82.38 1.00 10371.41 10371.41 15625.00
4 44.58 107.63 1.00 7238.88 7238.88 15625.00
5 0.00 116.50 1.00 3004.29 3004.29 15625.00
6 -44.58 107.63 1.00 -1687.67 -1687.67 15625.00
7 -82.38 82.38 1.00 -6122.69 -6122.69 15625.00
8 -107.63 44.58 1.00 -9625.60 -9625.60 15625.00
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9 -116.50 0.00 1.00 -11663.09 -11663.09 15625.00
10 -107.63 -44.58 1.00 -11924.98 -11924.98 15625.00
11 -82.38 -82.38 1.00 -10371.41 -10371.41 15625.00
12 -44.58 -107.63 1.00 -7238.88 -7238.88 15625.00
13 -0.00 -116.50 1.00 -3004.29 -3004.29 15625.00
14 44.58 -107.63 1.00 1687.67 1687.67 15625.00
15 82.38 -82.38 1.00 6122.69 6122.69 15625.00
16 107.63 -44.58 1.00 9625.60 9625.60 15625.00

Center point for noload maximum load minimum load
sX -0.000 -0.000 -0.000
sy -0.000 -0.000 -0.000

Figure: Bolt positions

Tightening technique: Dynamometric key (with guess of coefficient of friction)
Tightening factor [aA] 1.60
Minim. tightening factor (scattering coef. of friction)

[omin] 1.00
Load application factor [n] 0.70
Bolting type: SV 1
Length of connected solid (mm) [IA] 0.00
Distance of connected solid (mm) [ak] 0.00
Force application height (mm) [Ik] 14.00
Coef. of friction in thread [MG] 0.100/0.100
Coef. of friction at head support [MK] 0.100/0.100
Bolt type: Cylindrical screw with socket head bolt DIN EN ISO 4762:2004
Reference diameter (mm) [d] 10.00
Bolt length (mm) Mmn 30.00
Shank diameter (mm) [d1] 10.00
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Shank length (mm)
Thread length (mm)
Outer diameter of head support (mm)
Inner diameter of head support (mm)
Surface roughness (tip support) (um)

Stressed cross section of screw (mm?)
Height of bolt head (mm)

Diameter of screw head (mm)

Free thread length (mm)

Width across flats (mm)

Reduction coefficient

Strength class

Tensile strength (N/mm?)

Yield point (N/mm?)

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

Clamped parts: Plates
Number of parts

Part A

Material

Depth of Layer (mm)

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

Thread with pocket hole
Clamping length (mm)

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

No washer below screw head

Blind hole

Material

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

RESULTS:

Virtual outer diameter of base body:
Diameter (mm)

Diameter (mm)

Diameter limit (mm)

Cone angle (°)

Resilience of flange (mm/N)

Addition for plate resilience (mm/N)
Resilience of screw (mm/N)

Load factor for centric load introduction
Amount of embedding (mm)

3/5

(1]
[b]
[dw]
[da]
R7]

[As]
(K]
[dk]
[13]
[s]
(k1]

[Rm]
[Rp0.2]
[Rp,max]
[ES]

[iP]

C45 (1)
[hi]

[Ep]
[pG]
[Rz]

(1]

4.50
25.50
15.33
11.20
16.00

57.99
10.00
16.00
15.50
8.00
0.50

12.9
1220.00
1100.00
1100.00

205000.00

20.00
206000.00
770.00
16.00

20.00

ISO 273:1979 (DIN 273) fine

[dh]
[cK]

C45 (1)
[ts]
[Ep]
[RZ]

[DAT]
[DA]
[DA.Gr]
[¢]

[5P]
[6Pzu]
[3S]
[on]

[f2]

10.50
0.00

0.00
206000.00
16.00

35.97
35.97
35.97
27.30
3.066650e-007
2.039656e-007
2.644222e-006
0.1211
0.0100
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Preload loss (N)

required assembly preload:
-minimum (N)

-maximum (N)

Pretension force according table (N)
Screw force at yield point (N)
attained assembly preload:
-maximum (N)

(utilization of yield strength (%)
Pretension force (N)

Additional bolt load (N)

Additional plate load (N)

Fatigue load (N/mm?)

Screw extension at FMmin (mm)

at FMmax (mm)
at FM (mm)

at FMmin (mm)
at FMmax (mm)
at FM (mm)

Part extension

[Fz] 3388.81
[FMmin] 29494.32
[FMmax] 47190.91
[FMtab] 52000.00
[FMO0.2] 64000.00
[FM] 52166.37
[%Re] 90.00)
[FV] 48777.56
[FSA] 1444.48
[FPA] 10480.51
[oa] 0.00
[fSmin] 0.07799
[fSmax] 0.12478
[fS] 0.13794
[fTmin] 0.00904
[fTmax] 0.01447
[fT] 0.01600

Calculation with maximum attained pretension force:

(utilization of yield strength (%)
Mounting-Pretension force (N)
Pretension force (N)

Additional clamping force (reserve) (N)
Equivalent stress (N/mm?)

Equivalent stress (N/mm?)

Tightening torque (Nm)

Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)

[%Re] 90.00)
[FM] 52166.37
[FV] 48777.56
[FKres] 3109.66
[ored.M] 990.00
[ored.B] 964.69
[MA] 74.48
[ML] 46.04
[pK] 622.98

Calculation with the minimum required assembly preload, tightening factor:

Mounting-Pretension force (N)
Equivalent stress (N/mm?)
Equivalent stress (N/mm?)
Tightening torque (Nm)

Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)

[FMmin] 29494.32
[ored.M_FMmin] 559.74
[ored.B_FMmin] 555.81
[MA_FMmin] 42.11
[ML_FMmin] 24.64
[PK_FMmin] 359.52

Calculation with the maximum required assembly preload with tightening factor:

Mounting-Pretension force (N)
Additional clamping force (reserve) (N)
Equivalent stress (N/mm?)

Equivalent stress (N/mm?)

Tightening torque (Nm)

Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)
Remaining clamping force (N)
Permissible equivalent stress (N/mm?)
Permissible equivalent stress (N/mm?)
Support area

(below screw head) (mm?)
Permissible surface pressure

4/5

[FMmax] 47190.91
[FKres] 3109.66
[ored.M_FMmax] 895.58
[ored.B_FMmax] 874.95
[MA_FMmax] 67.38
[ML_FMmax] 41.34
[PK_FMmax] 565.16
[FKR] 15625.00
[0.Mzul] 990.00
[0.Bzul] 1100.00
[ApK] 86.06
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(below screw head) (N/mm?) [pKzul] 770
SUMMARY:

It is not permitted to exceed the yield point.
Calculation with the maximum required assembly preload with tightening factor: 1.60

Safety against yield point [SF] 1.26
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 1.36

Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.14
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 1.24

Calculation with minimum attained pretension force:

Safety against sliding [SG] 1.20
Force [N]

coqgp ] T e FM: m (n=1)

R 74 FMMX a10ha

40000—_

35000

. FM/alpha

30000t --==mimimimimimi e e m g R FMmin

25000—_

20000—_

1 5000_' _______________________________________________ Fkerf

10000—_

5000—:
L L I R I B

-0.12 -0.08 -0.04 0 0.04
Length change [mm]

Figure: Display of restraint-diagram

Remarks:

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

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM / aA, FKerf = FKQ + FKP

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

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 243
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Project
Name : Srouby
File
Name : srouby_vicko
Changed by: Maca on: 15.05.2016 at: 23:08:09
Bolt calculation according to VDI 2230:2014
INPUTS:
Configuration: Multi-bolted joint with arbitrary position of the screw
The forces are calculated under the assumption of rigid plates.
The validity of this assumption has to be checked by the user..
Calculation using assembly temperature
Assembly temperature (°C) [TM] 20.00
Thread standard Standard thread
Label M12
Pitch (mm) [P] 1.75
Flank angle (°) [B] 60.00
Reference diameter (mm) [d] 12.00
Flank diameter (mm) [d2] 10.86
Core diameter (mm) [d3] 9.85
Minor diameter inner thread (mm) [D1] 10.11
Flank diameter inner thread (mm) [D2] 10.86
Nominal cross section of thread (mm?) [AN] 113.10
Core cross section of the thread (mm?) [Ad3] 76.25
Thread manufacturing Final heat treated
Surface roughness (um) [Rz] 16.00
Axial force at flange (N) [FaU/FaO] 38799.00/ 38799.00
Shearing force at flange (N) [Fax] 0.00
Shearing force at flange (N) [Fay] 0.00
Torque at flange (Nm) [Mt] 0.00
Bending moment at flange (Nm) [MbxU/MbxO] 0.00/ 0.00
Bending moment at flange (Nm) [MbyU/MbyOQ] 0.00/ 0.00
Required clamping force for sealing (N) [Fd] 0.00
Coefficient of friction between parts [b] 0.100
Number of screws [n] 10
Chosen screw [no.] 1
Axial force at single screw (N) [FAU/FAO] 3879.90/ 3879.90
Required clamping force:
For shearing force transmission (N) [FKQ] 0.00
For sealing (N) [FKP] 0.00
Load on single screws
No. X [mm] Y [mm] Factor Fa1 [N] Fa2 [N] Fkerf [N]
1 90.00 0.00 1.00 3879.90 3879.90 0.00
2 72.81 52.90 1.00 3879.90 3879.90 0.00
3 27.81 85.60 1.00 3879.90 3879.90 0.00
4 -27.81 85.60 1.00 3879.90 3879.90 0.00
5 -72.81 52.90 1.00 3879.90 3879.90 0.00
6 -90.00 0.00 1.00 3879.90 3879.90 0.00

1/5



7 -72.81
8 -27.81
9 27.81
10 72.81

Center point for no
SX
sy

-52.90
-85.60
-85.60
-52.90

1.00
1.00
1.00
1.00

3879.90
3879.90
3879.90
3879.90

load maximum load minimum load

0.000
-0.000

0.000
-0.000

3879.90
3879.90
3879.90
3879.90

0.000
-0.000

Figure: Bolt positions

Tightening technique:
Tightening factor

Dynamometric key (with guess of coefficient of friction)

Minim. tightening factor (scattering coef. of friction)

Load application factor
Bolting type: SV
Length of connected solid

1
(mm)

Distance of connected solid (mm)
Force application height (mm)

Coef. of friction in thread

Coef. of friction at head support

Bolt type:

Reference diameter (mm)
Bolt length (mm)

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

Outer diameter of head support (mm)

[aA]

[amin]

]

[A]
[ak]
(K]

[MG]
[uK]

1.60

1.00

0.70

0.00

0.00

14.00

0.100/ 0.100
0.100/ 0.100

Cylindrical screw with socket head bolt DIN EN ISO 4762:2004

Inner diameter of head support (mm)
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[d]
Ui
[d1]
)
[o]
[dw]
[da]

12.00
40.00
12.00

5.25
34.75
17.23
13.70
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Surface roughness (tip support) (um)

Stressed cross section of screw (mm?)
Height of bolt head (mm)

Diameter of screw head (mm)

Free thread length (mm)

Width across flats (mm)

Reduction coefficient

Strength class

Tensile strength (N/mm?)

Yield point (N/mm?)

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

Clamped parts: Plates
Number of parts

Part A

Material

Depth of Layer (mm)

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

Thread with pocket hole
Clamping length (mm)

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

No washer below screw head

Blind hole

Material

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

RESULTS:

Virtual outer diameter of base body:
Diameter (mm)

Diameter (mm)

Diameter limit (mm)

Cone angle (°)

Resilience of flange (mm/N)
Addition for plate resilience (mm/N)
Resilience of screw (mm/N)

Load factor for centric load introduction
Amount of embedding (mm)
Preload loss (N)

required assembly preload:

3/5

[Rz]

[As]
[K]
[dk]
[13]
[s]
[kt]

[Rm]
[Rp0.2]
[Rp,max]
[ES]

[iP]

C45 (1)
[hi]
[Ep]
[PG]
[RZ]

(K]

16.00

84.27
12.00
18.00
14.75
10.00

0.50

8.8
800.00
640.00
640.00

205000.00

20.00
206000.00
770.00
16.00

20.00

ISO 273:1979 (DIN 273) fine

[dh]
[cK]

C45 (1)
[ts]

[Ep]

[Rz]

[DAT]
[DA]
[DA.Gr]
[¢]

[5P]
[6Pzu]
[5S]
[n]
[fz]

[FZ]

13.00
0.00

0.00
206000.00
16.00

37.16
37.16
37.16
26.49
2.948717e-007
1.699713e-007
1.930957e-006
0.1462
0.0100
4492.71
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-minimum (N) [FMmin] 7805.41
-maximum (N) [FMmax] 12488.66
Pretension force according table (N) [FMtab] 44000.00
Screw force at yield point (N) [FMO0.2] 54000.00
attained assembly preload:
-maximum (N) [FM] 44190.16
(utilization of yield strength (%) [%Re] 90.00)
Pretension force (N) [FV] 39697.45
Additional bolt load (N) [FSA] 567.20
Additional plate load (N) [FPA] 3312.70
Fatigue load (N/mm?) [oa] 0.00
Screw extension at FMmin (mm) [fSmin] 0.01507
at FMmax (mm) [fSmax] 0.02412
at FM (mm) [fS] 0.08533
Part extension at FMmin (mm) [fTmin] 0.00230
at FMmax (mm) [fTmax] 0.00368
at FM (mm) [fT] 0.01303
Calculation with maximum attained pretension force:
(utilization of yield strength (%) [%Re] 90.00)
Mounting-Pretension force (N) [FM] 44190.16
Pretension force (N) [FV] 39697.45
Additional clamping force (reserve) (N) [FKres] 19813.44
Equivalent stress (N/mm?) [ored.M] 576.00
Equivalent stress (N/mm?) [ored.B] 554.38
Tightening torque (Nm) [MA] 74.43
Loose torque (Nm) [ML] 44 46
Surface pressure
(below screw head) (N/mm?) [pK] 521.94
Calculation with the minimum required assembly preload, tightening factor: 1.00
Mounting-Pretension force (N) [FMmin] 7805.41
Equivalent stress (N/mm?) [ored.M_FMmin] 101.74
Equivalent stress (N/mm?) [ored.B_FMmin] 103.24
Tightening torque (Nm) [MA_FMmin] 13.15
Loose torque (Nm) [ML_FMmin] 3.71
Surface pressure
(below screw head) (N/mm?) [pPK_FMmin] 97.64
Calculation with the maximum required assembly preload with tightening factor: 1.60
Mounting-Pretension force (N) [FMmax] 12488.66
Additional clamping force (reserve) (N) [FKres] 19813.44
Equivalent stress (N/mm?) [ored.M_FMmax] 162.78
Equivalent stress (N/mm?) [ored.B_FMmax] 161.31
Tightening torque (Nm) [MA_FMmax] 21.04
Loose torque (Nm) [ML_FMmax] 8.95
Surface pressure
(below screw head) (N/mm?) [pPK_FMmax] 152.25
Permissible equivalent stress (N/mm?) [o.Mzul] 576.00
Permissible equivalent stress (N/mm?) [0.Bzul] 640.00
Support area
(below screw head) (mm?) [ApK] 85.75

Permissible surface pressure
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(below screw head) (N/mm?) [pKzul] 770
SUMMARY:
It is not permitted to exceed the yield point.

Calculation with the maximum required assembly preload with tightening factor: 1.60
Safety against yield point [SF] 3.97
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 5.06

Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.15
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 1.48

Force [N]
44000_- .................................................. FM_ FM (n=1)

40000 IEM/alpha
36000

32000
28000
24000
20000

16000
12000— === = ) ) I -FMmax

FM/alpha

8000—__ ........................................... -FMmin
4000

G 1 I I I I | 1 I
-0.08 -0.06 -0.04 -0.02 0
Length change [mm]

Figure: Display of restraint-diagram

Remarks:

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

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM / oA, FKerf = FKQ + FKP

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

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 232
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Transformace sil do pravého dolniho rohu zad frézov  aci hlavy

Rezné sily + tihova sila

0 15 0
Foosi=| O |kN Fo:=| 0 [kN F:= | -20 kN Fgi=| 0 |kN
225 0 0 6.9

Vzdalenost sil do po ¢atku sou Fadnic pro vypo cet Sroub
Mos = (-0.295 0.22 0.89)m ry:=(-0.295 0.22 0.89)m

r:= (-0.295 0.22 0.89)m rg:= (-0.295 022 0.3)m

Celkova sila v po ¢atku sou Fadnic pro vypo ¢et Sroub

15x% 107

F.=F

_ 4 1 &4 tadni
- st Fat Fr+Fe=| —2x 10 N ...sila v po€atku souradnic

p
-1.56 x lO4

Celkovy moment v po ¢atku sou Fadnic pro vypo cet Sroub

~4.95x 10° 0
Mg = oo X Foo = 3 |mmn Moo= 1. x F.=| 1.335x 10" |
17 "pos ™ "pos” | —6,638x 10 27 7a " rat | ™
0 33x10°
178 x 107 1518x 10°
T T _

Ms.— rr X Fr— 0 N MG— rG X FG— 2 035 x 103 N

59 10° 0

1.437x 107

Mo:=Mq+ My + Mg+ Mg =| 8748 x 103 N ...moment v po¢atku souradnic

2.6x 103
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Project
Name Srouby
File
Name srouby_uchyceni
Changed by: Maca on: 15.05.2016 at: 23:08:52

Bolt calculation according to VDI 2230:2014

INPUTS:
Configuration:

Multi-bolted joint with arbitrary position of the screw

The forces are calculated under the assumption of rigid plates.
The validity of this assumption has to be checked by the user..

Calculation using assembly temperature
Assembly temperature (°C)

Thread standard

Label

Pitch (mm)

Flank angle (°)

Reference diameter (mm)

Flank diameter (mm)

Core diameter (mm)

Minor diameter inner thread (mm)

Flank diameter inner thread (mm)
Nominal cross section of thread (mm?)
Core cross section of the thread (mm?)
Thread manufacturing
Surface roughness (um)
Axial force at flange (N)
Shearing force at flange (N)
Shearing force at flange (N)
Torque at flange (Nm)
Bending moment at flange (Nm)
Bending moment at flange (Nm)
Required clamping force for sealing (N)

[FaU/FaO]

Coefficient of friction between parts
Number of screws

Chosen screw

Axial force at single screw (N)
Required clamping force:

For shearing force transmission (N)
- Maximal clamping force applied

- Direction of shearing force is not taken into account

For sealing (N)

Load on single screws

No. X [mm] Y [mm]
1 -25.00 25.50
2 -25.00 97.50
3 -25.00 169.50
4 -25.00 241.50
5 -25.00 313.50
6 -25.00 385.50
7 -70.00 551.00
8 -70.00 601.00
9 -565.00 25.50

10 -565.00 97.50
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Factor
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

[TM] 20.00
Standard thread
M16
[P] 2.00
[B] 60.00
[d] 16.00
[d2] 14.70
[d3] 13.55
[D1] 13.83
[D2] 14.70
[AN] 201.06
[Ad3] 144.12
Final heat treated
[Rz] 16.00
15600.00 / 15600.00
[Fax] 15000.00
[Fay] 20000.00
[Mt] 2600.00
[MbxU/MbxO]  14370.00/
[MbyU/MbyO] 8748.00 /
[Fd] 0.00
[m] 0.100
[n] 16
[no.] 16
[FAU/FAO] 6782.11/
[FKQ] 21587.85
[FKP] 0.00
Fal [N] Fa2 [N]
-4511.78 -4511.78
-3337.15 -3337.15
-2162.52 -2162.52
-987.89 -987.89
186.73 186.73
1361.36 1361.36
4234.56 4234.56
5050.28 5050.28
-2433.59 -2433.59
-1258.96 -1258.96

14370.00
8748.00

6782.11

Fkerf [N]
21587.85
20852.48
20272.73
19912.21
19827.73
20035.17
20885.19
21488.48
21587.85
20852.48
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11 -565.00 169.50 1.00 -84.33 -84.33 20272.73
12 -565.00 241.50 1.00 1090.30 1090.30 19912.21
13 -565.00 313.50 1.00 2264.93 2264.93 19827.73
14 -565.00 385.50 1.00 3439.56 3439.56 20035.17
15 -520.00 551.00 1.00 5966.39 5966.39 20885.19
16 -520.00 601.00 1.00 6782.11 6782.11 21488.48
Center point for noload maximum load minimum load
SX -295.000 -295.000 -295.000
sy 298.125 298.125 298.125
“_:) X
©
)
(@),
@) @)
\',_;‘,’
Figure: Bolt positions
Tightening technique: Dynamometric key (with guess of coefficient of friction)
Tightening factor [oA] 1.60
Minim. tightening factor (scattering coef. of friction)
[omin] 1.00
Load application factor [n] 0.70
Bolting type: SV 1
Length of connected solid (mm) [IA] 0.00
Distance of connected solid (mm) [ak] 0.00
Force application height (mm) [Ik] 28.00
Coef. of friction in thread [uG] 0.100/ 0.100
Coef. of friction at head support [MK] 0.100/0.100
Bolt type: Cylindrical screw with socket head bolt DIN EN ISO 4762:2004
Reference diameter (mm) [d] 16.00
Bolt length (mm) mn 60.00
Shank diameter (mm) [d1] 16.00
Shank length (mm) [11] 6.00
Thread length (mm) [b] 54.00
Outer diameter of head support (mm) [dw] 23.17
Inner diameter of head support (mm) [da] 17.70
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Surface roughness (tip support) (um) [Rz] 16.00
Stressed cross section of screw (mm?) [As] 156.67

Height of bolt head (mm) [K] 16.00
Diameter of screw head (mm) [dk] 24.00
Free thread length (mm) [13] 34.00
Width across flats (mm) [s] 14.00
Reduction coefficient [kT] 0.50
Strength class 8.8

Tensile strength (N/mm?) [Rm] 800.00
Yield point (N/mm?) [Rp0.2] 640.00
Maximum yield point (N/mm?) [Rp,max] 640.00
Young's modulus screw (N/mm?) [ES] 205000.00
Clamped parts: Plates

Number of parts [iP] 1

Part A

Material C45(1)

Depth of Layer (mm) [hi] 40.00
Young's modulus (N/mm?) [Ep] 206000.00
Permissible surface pressure (N/mm?) [pG] 770.00
Surface roughness (um) [Rz] 16.00
Thread with pocket hole

Clamping length (mm) [IK] 40.00
Through hole standard 1ISO 273:1979 (DIN 273) fine
Diameter through hole (mm) [dh] 17.00
Chamfer at head (mm) [cK] 0.00
No washer below screw head

Blind hole

Material C45 (1)

Counter bore depth (mm) [ts] 0.00
Young's modulus (N/mm?) [Ep] 206000.00
Surface roughness (um) [RZ] 16.00
RESULTS:

Virtual outer diameter of base body:

Diameter (mm) [DA1 68.26
Diameter (mm) [DA] 68.26
Diameter limit (mm) [DA.Gr] 68.26
Cone angle (°) [o] 29.41
Resilience of flange (mm/N) [6P] 2.200672e-007
Addition for plate resilience (mm/N) [6Pzu] 1.274785e-007
Resilience of screw (mm/N) [6S] 1.849885e-006
Load factor for centric load introduction [¢n] 0.1175
Amount of embedding (mm) [fz] 0.0100
Preload loss (N) [Fz] 4831.03
required assembly preload:

-minimum (N) [FMmin] 32403.88
-maximum (N) [FMmax] 51846.22
Pretension force according table (N) [FMtab] 83000.00
Screw force at yield point (N) [FMO0.2] 100000.00
attained assembly preload:

-maximum (N) [FM] 82920.51
(utilization of yield strength (%) [%Re] 90.00)
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Pretension force (N)

Additional bolt load (N)

Additional plate load (N)

Fatigue load (N/mm?)

Screw extension at FMmin (mm)
at FMmax (mm)
at FM (mm)

at FMmin (mm)
at FMmax (mm)
at FM (mm)

Part extension

[FV] 78089.48
[FSA] 797.10
[FPA] 5985.00
[oa] 0.00
[fSmin] 0.05994
[fSmax] 0.09591
[fS] 0.15339
[fTmin] 0.00713
[fTmax] 0.01141
[fT] 0.01825

Calculation with maximum attained pretension force:

(utilization of yield strength (%)
Mounting-Pretension force (N)
Pretension force (N)

Additional clamping force (reserve) (N)
Equivalent stress (N/mm?)

Equivalent stress (N/mm?)

Tightening torque (Nm)

Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)

[%Re] 90.00)
[FM] 82920.51
[FV] 78089.48
[FKres] 19421.43
[ored.M] 576.00
[ored.B] 555.42
[MA] 181.98
[ML] 121.00
[PK] 476.80

Calculation with the minimum required assembly preload, tightening factor:

Mounting-Pretension force (N)
Equivalent stress (N/mm?)
Equivalent stress (N/mm?)
Tightening torque (Nm)

Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)

[FMmin] 32403.88
[ored.M_FMmin] 225.09
[ored.B_FMmin] 220.03
[MA_FMmin] 71.12
[ML_FMmin] 42.73
[PK_FMmin] 189.09

Calculation with the maximum required assembly preload with tightening factor:

Mounting-Pretension force (N)
Additional clamping force (reserve) (N)
Equivalent stress (N/mm?)

Equivalent stress (N/mm?)

Tightening torque (Nm)

Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)
Remaining clamping force (N)

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

(below screw head) (mm?)
Permissible surface pressure

(below screw head) (N/mm?)

SUMMARY:

It is not permitted to exceed the yield point.
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[FMmax] 51846.22
[FKres] 19421.43
[ored.M_FMmax] 360.15
[ored.B_FMmax] 349.11
[MA_FMmax] 113.79
[ML_FMmax] 72.85
[pPK_FMmax] 299.82
[FKR] 21587.85
[0.Mzul] 576.00
[0.Bzul] 640.00
[ApK] 175.58
[pKzul] 770
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Calculation with the maximum required assembly preload with tightening factor: 1.60

Safety against yield point
Safety against fatigue
Safety against pressure

Calculation with maximum attained pretension force:

Safety against yield point
Safety against fatigue
Safety against pressure

[SF] 1.83
[SD] 1000.00
[SP] 2.57
[SF] 1.15
[SD] 1000.00
[SP] 1.61

Calculation with minimum attained pretension force:
[SG] 1.90

Safety against sliding

Force [N]

80000
72000
64000—
56000
48000—
40000

32000_.— ..................................

24000
16000—
8000

___________________________________________________ FM_ FM (n= 1)

— FM
FM/alpha

RN FMraipha

........... _FMmin

srmiminees Fkerf

G I I 1 l I
-0.12 -0.08

|
-0.04

0

Length change [mm]

Figure: Display of restraint-diagram

Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.
-Calculating safeties with the maximal assembly preload (FMmax).
-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM / aA, FKerf = FKQ + FKP

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

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report

lines: 243
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L

1 2 3 4
1 |VRETENO 19,06 1
2  |CELNIVICKO VRETENE 1,04 1
3 |ZADNIVIKO VRETENE 14,49 1
4  |CELNIPRIRUBA VRETENE 2,29 1
5 |VICKO - ZAKRYVA PASTOREK 1,54 2
6 |PULKRUHOVE VIKO HORNI 1,19 1
7  |PULKRUHOVE VIKO SPODNI 5,83 1
8 |[SPODNIVIKO PEVNE SKRINE 33,17 1
9  |HORNIVIKO PEVNE SKRINE 3,03 1
10  [VICKO POMOCNEHO LOZISKA 1,02 1
11 |VYRAZECITRN 1,72 1
12 |ROTACNITESNENI 0,01 2
13 |PREVODOVKA SP210S-MF2-100-1M0 53 2
14  |HORNI CAST SKRINE 76,76 1
15  |PEVNA SKRIN 150,2 1
16 |ROZPERNA TRUBKA - VRETENO 4,49 1
17 |PISTNI TESNENI PT0200700-T46N 0,003 1
18  |PISTNI TESNENI PT0000200-T46N 0,003 1
19 |POUZDRO POMOCNEHO LOZISKA 0,63 1
20 |POUZDRO LOZISEK VRETENE 3,48 1
21 |POUZDRO LOZISEK HRIDEL1 8,94 1
22 |PODLOZKA PRUZIN 0,17 1
23 |PODLOZKA HRIDEL2 0,23 1
24 |PODPERNY KROUZEK VLOZENEHO KOLA 0,26 2
25 |PODPERNY KROUZEK NATACENI 1,95 1
26 |TESNE PERO UPRAVA 28h9x16x46 0,2 1
27 |PERO ODMEROVANI 0,02 1
28 |KUZELOVE KOLO PRAVOTOCIVE - HRIDEL2 8,77 1
29 |KUZELOVE KOLO PRAVOTOCIVE - HRIDEL1 2417 1
30 |PRIRUBA PRO ODMEROVANI 2,26 1
31 |ODMEROVANIECA 4412 0,66 1
32 |POHYBLIVA SKRIN - SKRIN NATACENI 42,96 1
POZICE |POPIS HMOT. (kg) |KS
Mé&rTtko Hmotnost (kg) PromTtanT Format
639,83 =%
Kreslil é\/AGR M. Nazev
[. P PAKULTE SRONL - IDatum 18 5 2016 FRE/ZOVACI HLAVA
l\J/NLVLEszITY Schvdlil -
Datum fslo dokumentu
K K SESLE?EGMN[ Bruh dokumentu KKS—DP—01 / 1
STROW KUSOVNIK List2 Lista4
1 2 3 4
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1 2 S 4
33 PRODLOUZENI NATACECI SKRINE 12,28 1
34 LOZISKO FAG N1926-K-M1-SP 1,8 1
35 TALIROVE PRUZINY MUBEA-63x31x3,5 0,06 32
36 ZASLEPKA PRIVODU KAPALIN 0,005 6
37 KUZELOVE KOLO LEVOTOCIVE - VRETENO 5,62 1
38 KUZELOVE KOLO LEVOTOCIVE - HRIDEL2 12,39 1
39 KRYT PREVODU 5,02 1
40 DISTANCNI KROUZEK - VRETENOVA LOZISKA 0,39 1
41 DISTANCNI KROUZEK - OZUBENIVRETENO 0,04 1
42 DISTANCNI KROUZEK - VRETENOVA LOZISKA 0,14 2
43 DISTANCNI KROUZEK - LOZISKA HRIDEL1 0,11 2
44 DISTANCNI KROUZEK - LOZISKO NATACENI 0,27 1
45 DISTANCNI KROUZEK - LOZISKA HRIDEL2 0,13 2
46 DISTANCNI KROUZEK - HRIDEL2 0,47 1
47 ROZPERNY KROUZEK - HRIDEL1 1,2 1
48 ROZPERNY KROUZEK - HRIDEL1 STAZENI LOZISEK |0,1 1
49 LOZISKO KOYO 7034 FY 7,65 1
50 VLOZENE CELNI OZUBENE KOLO 7,8 2
51 VENEC - CELNIOZUNENE KOLO 14,56 1
52 MATICE KM16 0,41 1
53 MATICE KM22 0,99 1
54 KLESTINA SK50 0,44 1
55 PASTOREK - CELNI OZUBENE KOLO 3,27 2
56 SROUB ISO 4762 - M8X55 8.8 0,029 12
S57 SROUB ISO 4762 - M8X40 8.8 0,022 16
58 SROUB ISO 4762 - M8X30 8.8 0,019 14
59 SROUB ISO 4762 - M8X20 8.8 0,015 32
60 SROUB ISO 4762 - M6X20 8.8 0,007 16
61 SROUB ISO 4762 - M6X16 8.8 0,006 8
62 SROUB ISO 4762 - M3X25 8.8 0,003 2
63 SROUB ISO 4762 - M3X20 8.8 0,002 12
64 SROUB ISO 4762 - M16X35 8.8 0,099 8
POZICE [POPIS HMOT. (kg) [KS
Mé&rTtko Hmotnost (kg) PromTtant Format
689,83 =9
Kreslil é\/AGR M. Nazev
D pPAKULTA SRON Datum 18 5 2016 FRE/ZOVACI HLAVA
L\;NQ/LEZ'E%'TY Schvalil -
Datum fslo dokumentu
KK SeRovin o aakaments KKS—DP—01/2
STROM KUSOVWNIK List3 Listo4
1 2 S 4
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A
B
65 SROUB ISO 4762 - M12X65 12.9 0,077 18
66 SROUB ISO 4762 - M12X40 8.8 0,054 10
67 SROUB ISO 4762 - M12X30 8.8 0,045 29
68 SROUB ISO 4762 - M10X40 8.8 0,037 38
C 69 SROUB ISO 4762 - M10X30 12.9 0,031 36
70 SROUB ISO 4017 - M16X60 8.8 0,132 16
71 SROUB ISO 4014 - M20X50 8.8 0,198 1
72 SROUB ISO 2009 - M3X10 4.8 0,001 24
73 HRIDEL ULOZENI NATACENI 8,19 1
74 HRIDEL VLOZENEHO KOLA 1,82 2
75 VODICI TESNENI GP6500700-T47 0,004 1
D 76 ZAVRTNY SROUBEK DIN 914 - M5X16 - 45H 0,002 2
77 ROTACNIPRIVOD PROCESNICH KAPALIN DEUBLIN (4,1 1
78 LOZISKO FAG B7022-E-T-P4S 1,95 3
79 LOZISKO SKF 7212 BEGBP 0,8 4
80 LOZISKO KOYO 7026C FY 3,43 1
81 LOZISKO SKF 32018 X/Q 1,76 2
82 LOZISKO SKF 32016 X/Q 1,29 2
E 83 TESNE PERO 20h9x12x140 0,25 2
84 SERVOMOTOR 1FT7066 12,3 2
85 LOZISKO SKF 16015 0,46 1
POZICE |POPIS HMOT. (kg) [KS
Mé&FTtko Hmotnost (kg) PromTtant Format
689,83 =9
Kreslil é\/AGR M. Nazev
[. P FAKULTE SRONEIDatum 18 5 2016 FRE/ZOVACI HLAVA
F L\;NLVLEZ%ZI'TY Schvalil
Datum Cslo dokumentu
KK Srov o armant KKS—DP—01/3
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