ZAPADOCESKA UNIVERZITA V PLZNI

FAKULTA STROJNI
Studijni program: N2301 Strojni inzenyrstvi
Studijni obor: 2302T013 Stavba vyrobnich stroju a zafizeni

DIPLOMOVA PRACE

KuZelocCelni pfevodovka pro RIG

Autor: Bc. Lenka KARLOVA
Vedouci prace: Doc. Ing. Jaroslav KRATKY, Ph.D.

Akademicky rok 2013/2014



ZAPADOCESKA UNIVERZITA V PLZNI
Fakulta strojni
Akademicky rok: 2013/2014

ZADANI DIPLOMOVE PRACE

(PROJEKTU, UMELECKEHO DIiLA, UMELECKEHO VYKONU)

Jméno a piijment:
Osobni éislo:
Studijni program:
Studijni obor:

Nazev tématu:

Zadéavajici katedra:

Zéakladni pozadavky:

Bc. Lenka KARLOVA

S12N0053K

N2301 Strojni inZenyrstvi

Stavba vyrobnich stroji a zafizeni
Kuzelocelni faditelna prevodovka pro rig

Katedra konstruovani stroji

Zidsady pro vypracovani:

Navrhnout a provést konstrukéni vypocty kuzelodelni pfevodovky. Navrzené feSeni musi spl-
novat specifikované pozadavky zadavatele.

Zakladni technické tdaje:
Technické parametry jsou uvedeny v ptiloze zadani.

Osnova diplomové prace:

1. Vypracovani konstrukéniho névrhu véetné systematické specifikace pozadavki a kon-
cepénich variant, vybér optiméalniho feseni.

2. Zjisténi klicovych vlastnosti konstrukéniho névrhu s potiebnymi technickymi vypoéty.

3. Vypracovani potiebné technické dokumentace.

4. Komplexni zhodnoceni.



Rozsah grafickych praci: dle potteby

Rozsah pracovni zpravy: 50-70 stran A4
Forma zpracovani diplomové prace: tiSténd/elektronicka
Seznam odborné literatury:

HOSNEDL, S., KRATKY, J. Prtirucka strojniho inZenyra: obecné strojni ¢asti 1.
Praha: Computer Press, 1999

KRATKY, J., KRONEROVA, E., HOSNEDL, S. Obecné strojnf ¢4sti 2. Plzeii:
ZCU, 2011

MORAVEC, V. Konstrukce stroji a zaiizeni II. : delni ozuben4 kola : teorie, vypocet,
konstrukce, vyroba, kontrola. Ostrava: Montanex, 2001

Podkladovy materidl, vykresy, katalogy, apod. poskytnuté zadavatelem tikolu.

Vedouci diplomové préce: Doc. Ing. Jaroslav Kratky, Ph.D.
Katedra konstruovani strojt
Konzultant diplomové préce: Ing. Michal Bouda
WIKOW GEAR, s.r.o., Plzen

Datum zadéni diplomové préce: 23. zari 2013

Termin odevzdani diplomové préce: 23. kvétna 2014

L.S.
A 7,
/(;.f{n'g.";f i Stanék, CSc. \ Doc. Ing. Véclava-T/asSova, Ph.D.
# €kan vedouci Katedry

V Plzni dne 23. zari 2013



Prohlaseni o autorstvi

Piedkladam timto k posouzeni a obhajobé diplomovou praci, zpracovanou na zavér stu-
dia na Fakulté strojni Zapadoceské univerzity v Plzni.

Prohlasuji, Ze jsem tuto diplomovou praci vypracovala samostatné, s pouzitim odborné
literatury a prameni, uvedenych v seznamu, ktery je soucasti této diplomové prace.

VPIznidne: .cccoovvvviiinnninnnnns
podpis autora



ANOTACNI LIST DIPLOMOVE PRACE

Piijmeni Jméno
AUTOR Karlova Lenka
STUDIJNi OBOR 23027019 ,,Stavba vyrobnich strojil a zafizeni“
, ’ Piijmeni (véetné tituli) Jméno
VEDOUCI PRACE Doc. Ing. Kratky, Ph.D. Jaroslav
PRACOVISTE ZCU - FST - KKS
DRUH PRACE DIPLOMOVA
NAZEV PRACE Kuzelocelni pfevodovka pro RIG
FAKULTA| strojni KATEDRA KKS ROK ODEVZD. 2014
POCET STRAN (A4 a ekvivalentii A4)
CELKEM 211 TEXTOVA CAST 58 GRAFICKA CAST | 10

STRUCNY POPIS

ZAMERENI, TEMA, CiL

Diplomova prace obsahuje navrh ptevodovky pro navi-
jak lan na ropné ploSin€¢ ve dvou variantach. Vypocty
slouzici k navrhu pfevodovych prvki, hiideli a uloZeni

POZNATKY A PRINOSY | hfideli byly provedeny pomoci vypoéetniho programu
KISSsoft 2013. Pro modelovani a vypocet modalni ana-
lyzy, pevnostni a deformacni analyzy byl pouZzit Inventor
Professional 2013.

KLiCOVA SLOVA pievodovka, prevodovy pomér, soukoli, modalni analyza,

pevnostni analyza, deformac¢ni analyza




SUMMARY OF DIPLOMA (BACHELOR) SHEET

AUTHOR

Surname Name
Karlovéa Lenka

FIELD OF STUDY | 2302T019 “ Design of Manufacturing Machines and Equipment

Surname (Inclusive of Degrees) Name
SUPERVISOR Doc. Ing. Kratky, Ph.D. Jaroslav
INSTITUTION ZCU - FST - KKS

TYPE OF WORK

DIPLOMA

TITLE OF THE
WORK

Bevel gearbox for RIG

FACULTY Mechanical

DEPARTMENT | Machine | | sypMITTED | 2014

Engineering Design IN
NUMBER OF PAGES (A4 and eq. A4)
TOTALLY 211 TEXT PART 58 GRAPHICAL | 19
PART

BRIEF DESCRIPTION

TOPIC, GOAL,
RESULTS AND
CONTRIBUTIONS

The thesis contains a proposal for gear winch ropes on an
oil platform in two variants. Calculations use to design
transmission elements, shaft and shaft were performed
using the computer program KISSsoft. For modeling and
calculation of modal analysis, strength and deformation
analysis was used Inventor Professional 2013.

KEY WORDS

gearbox, gear ratio, gear, modal analysis, stress analysis,
strain analysis




Podékovani

Dékuji vedoucimu mé diplomové prace doc. Ing. Jaroslavu Kratkému, Ph.D. za rady,
pripominky a laskavé vedeni.

Dale dékuji Doc. Ing. Zdeiiku Hudcovi, CSc. a Ing. Vaclavu Kubcovi, Ph.D. za rady a
Ing. Zbyinku Pelikanovi za cenné informace z praxe.



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad.rok 2013/14

Katedra konstruovani strojt Bc. Lenka Karlova
Obsah
Lo UVOM i 5
2. Predstaveni zadavatele ..........cocoiiiiiiiiiieie e 5
2.1. Ukdazky z vyrobni naplné Wikov Gear, P1Zen ..........cccoceviiiiiiiiiiiic e 7
2.2, ROPNA PIOSING c..vvviiiiiie et rre e 9
3. UPIESNENT ZAAANT .....c.viiiiiiiiciic s 10
3.1, Pozadavky zadavatele..........ccoviiiiiiiiiiiiii s 11
3.2.  Pozadovangé zat€ZoVacl STAVY........cceriieiiiiiiiieiii e 12
A, PTEVOAOVKA... ettt 13
4.1, Clen@ni PEEVOAOVEK ........vvveeieeiieeiseeie et tess st eses st es et s st en st ne st es e sneens 14
4.2, VIastnosti VYTObKIU.......ccouiiiiiiiiiiiii i 15
4.3. Stavebni struktura prevOdOVKY ........ccooviiiiiiiiiiiiiiiiieee e 15
5. NAVIh PIEVOAOVKY ...ttt 21
5.1.  Rozdéleni zat€ZovaciCh StAVIL.........ccoiiiiiriiiiiieeiie e 21
5.2.  Varianty kinematickych schémat.............cccovviiiiiiiiiii 21
5.3, Navrh modulli @ POCtU ZUDU.......uviiiiiiiiiii i 23
9.4, MOde]l NAVINUL....eiiiiiiic e 26
5.4.1. Softwary pouZit€ PIlTESENL....c.uirririeiiieiiiie et 26
6.  Navrh a kontrola jednotlivych souhmoti s vyuzitim programu KISSsoft..................... 29
G T N 101 110 ) P UTTR PP TUPOURUPRS 29
6.2, HIIARIE .. 29
6.3, SPOJOVACT PIVKY eeiviiiiiiiiiiiiie i 32
7. UPravend SEOMELIIE ......eeiuiiiiiiieitiiiii ettt st 33
8.  Porovnani ptevodovky typu C, typu KC se stejnym motorem a typu KC se stejnym
VYSTUPNIM MOMENTEIN ...t 36
9. Modely SOUKOI VE 3D ....ciiiiiiiiiiiiiiie e 38
0.1, PUVOANT TESENT ....eeiiieiii ettt et neesnee s 43
9.2. Prevodovka upravena dle pozadavkil na tuhost...........cccooviiiiiiiiiiiice e 45
9.3. Upravena pievodovka s jinym uloZenim vstupniho hfidele ...........cccoceriiiiiiienninens 46
9.4. Porovnani ptidoryst jednotlivych FeSent ..........ccovviiiiiiiiiiiiic e 47
9.5. Pohled do délici roviny variant pievodovKky typu C........cccooveiiiieniniiiieieeeseee, 48
9.6. Pohled do délici roviny variant ptevodovky typu KC.........ccoiiiiiiiiiiiiiiiieee, 49
10. Pevnostni, deformacni a modalni analyza skiin€ ptevodovKy..........cccovvviiiiiiiinnnnnn. 50
10.1. Pevnostni a deformacni analyza skiing ............cccoovviiiiiiiiiiiiic e, 50
10.2. Modalni analyza prevOdOVKY .......cccoiiiiiiiiiiiiieiieie e 52
10.3. POrovnani freKVENCI.......uiiiiiiiiiiiie ittt s nee e 54
L1, VT it b bbbttt 57
12, LIEBIATUIE ..o 58



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad.rok 2013/14
Katedra konstruovani strojt Bc. Lenka Karlova

Seznam pouzitych veli¢in a jednotek

oznaceni  jednotky  vyznam

a [mm] osova vzdalenost

b [mm] Sitka kola

d [mm] prumér rozte¢né kruznice
da [mm] pramér hlavové kruznice
ds [mm] prumér patni kruznice
c [-] materialova konstanta
ha [mm] vyska hlavy zubu

ht [mm] vyska paty zubu

i [-] prevod

m [mm] modul
M [Nm, KNm] to¢ivy moment

Ny [min?]  otacky

n [-] ucinnost

P [W, kW]  vykon

Q (1 objem

t [mm] rozte¢

v [ms™] rychlost

v [mm?s™]  viskozita

X [mm] korekce

W [-] materidlova konstanta
z [-] pocet zubt;

Seznam obrazku

Obr. 2-1 Mgr. Martin WIChEEIIE.........ccveieie e 5
Obr. 2-2 Instalace pievodovky pohonu kolesa koreckového velkorypadla ..........ccoeevevvrennnnnn 7
Obr. 2-3 Sneko-planetové pievodovky v pohonech velkorypadel a bagrii [9] .........cc.ccoucenee 7
Obr. 2-4 Pohon cementarenského kulového mlynu [12]........ccccooiiiiiiiiiiniieeseeeee, 8
Obr. 2-5 Kuzelova ptevodovka pro pozarni pohon ¢erpadla [18].......cccccvviiiiiniiiniiniiie, 8
Obr. 2-6 Celni pfevodovka pro navijak kotevniho 1ana [18] .......cccccovvvvieersvieseieeseresiseeenas 9
Obr. 2-7 Rozdéleni typt ropnych ploSin [15] ..., 9
Obr. 2-8 Riizné typy plovoucich ropnych ploSin ........cccoceviririiiiiiiiiecee e 10

Obr. 3-1 Obrysové rozméry pievodovky typu C; vstupni a vystupni htidel jsou rovnob&ézné 11
Obr. 3-2 Obrysové rozméry pievodovky typu KC; vstupni a vystupni hiidel jsou kolmé ..... 12

Obr. 4-1 Zakladni schéma pfevodového mechanizmu............coocovreriiiieicisinc e 13
Obr. 4-2 Kinematické schéma pievodovky s rotac¢nim vystupnim pohybem .............ccceuee. 13
Obr. 4-4 Mazani loziska brodénim(vlevo) a mazacim krouzKem..........ccoceoevenininnnnniennnnn, 17
Obr. 4-5 Mazani loziska nucenym ob&hem oleje (vlevo), mazani vstiikovanim (uprostied). 17
ODr. 4-3 RUCHT MAZANT ...veviiiiiiiciieieiee ettt 17
Obr. 4-6 Montazni sada chladiCe 0l€J@..........curiiiiiiiiiiiiiei e 18
Obr. 4-7 Tésnéni rotujicich dilti [4, 7, 13, 17] oooviieeeeee e 20
Obr. 4-8 Princip tésnéni pomoci O-KrouZku [16] .....c.coeiviiiiiiiiiiiiiicccc e 20
Obr. 5-1 Kinematické schéma pievodovky typu C  ...oooiiiiiiiiiiicee s 21
Obr. 5-2 Kinematické schéma prevodovky typu KC s nakupovanou pievodovkou............... 22
Obr. 5-3 Mozna umisténi KuzZelovEého SOUKOL ........ceviiiiriiiiiniiiiiiiieecee e 22


file:///H:/DP_z_plochy/DP_Nástřel.doc%23_Toc388097778
file:///H:/DP_z_plochy/DP_Nástřel.doc%23_Toc388097792

Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad.rok 2013/14

Katedra konstruovani strojt Bc. Lenka Karlova
Obr. 5-4 Sestaveni prvniho navrhu — varianta s rovnob&éznym uspotfadanim htideli.............. 26
Obr. 5-5 Umisténi vstupniho hiidele pro typ C a typ KC ......ccoooviiiiiiiiiiieece 28
Obr. 6-1 Varianta ulozeni HFidele 0..........cocooiiiiiiiiiiii 29
Obr. 6-2 Varianta Hfidele I pro rovnobézné usporadani hiideld ..........ccoooevviininiiiiccnnnn, 30
Obr. 6-3 Varianta Hiidele I pro kolmé uspofadani hiidell........ccccovvvvevveveiicieeiice e 30
OBF. 6-4  HIIAEL LT ...t 31
(@] o] g G Tt ST = s T (<) 1 1 (PSPPSR 31
ODBF. 6-6  HIIAEL IV ..ot 32
ODbr. 7-1  VZNIEA MOTOIU ...t 35
Obr. 9-1 3D model kuzelového soukoli Klingelnberg ... 38
Obr. 9-2  KUZEIOVE SOUKOL .e.vvviiiieiiiiesie ittt bbb 38
Obr. 9-3 3D model soukoli Klingelnberg — jiné uloZeni............ccoovevvrienenenininineeeee 39
Obr. 9-4 Kuzelové soukoli se soudeCkovym a parovym kuzelikovym loziskem ................. 39
Obr. 9-5 3D model soukoli 1,2; soukoli 3,4; pfesuvna spojka.........ccccceverereneniininniieienenn, 40
Obr. 9-6 Osova vzdalenost SOUKOI 1,2 8 3,4 ...c.voiiiiiiiiiiiecie e 40
ODbr. 9-7 3D mMOodel SOUKOI 5,6......cccviieiiieeirii ettt bae e enaae e 41
Obr. 9-8  Os0va vzdalenost SOUKOI 5,6 ......cccveiiviiiieiiriiiie ittt beesree s 41
Obr. 9-9 3D model vystupniho hiidele a SOUKOIL 7,8 ........coviiiiiiiiiicic e 42
Obr. 9-10 Osova vzdalenost SOUKOIL 7,8 ......ccvviiivieiieiiiiiiie it ettt re e srae e beesaee s 42
Obr. 9-11 3D model ptivodniho navrhu univerzalni sKFing ...........cccooevereninnininisee 43
Obr. 9-12 Pavodni navrh univerzalni skiing bez vika.........cc.ccovvviininiiiiineie e 43
Obr. 9-13 Pohled do délici roviny obou typi pfevodovky pfi ptivodnim navrhu................... 44
Obr. 9-14 Pohled na 3D model upravené ptevodovky typu KC .......cceoevviiiiiininiiniiienn, 45
Obr. 9-15 Pohled do délici roviny upravené pievodovky typu KC ........cccooviiiininiininiinn, 45
Obr. 9-16 Pohled na 3D model upravené ptevodovky typu KC — jiné uloZeni vstupniho
0T 16 1<) L ST P PP TUROPRTPP 46
Obr. 9-17 Pohled do délici roviny. Do skiiné umisténa prevodovka typu KC ........ccceeveneee. 46
Obr. 9-18 Pohled do délici roviny. Do skiiné umisténa prevodovka typu C..........ccecvvvennee. 46
Obr. 9-19 Rozméry jednotlivych nAVINTL..........ccooiiiiiiicce e 47
Obr. 9-20 Pohled do délici roviny modelu pifevodovky typu C jednotlivych navrhii............. 48
Obr. 9-21 Pohled do délici roviny pievodovky typu KC jednotlivych navrhi.............cco.... 49
Obr. 10-1 Ptiprava modelu pro pevnostni a deformacni analyzu ...........ccoecvevvvrvervsieinernenne 50
ODr. 10-2 NAPELE VON MISES ..c.veuiiiiinieiiiieiteiesie ettt sn et 50
Obr. 10-3 Vysledky deformacni analyzy SKFINE..........cccoveririiiniiiiiccese s 51
Obr. 10-4 Nahrada modeltt KOMPONENL.........ccociiviriiiiiiiieisiiieeesi e 52
Obr. 10-5 3D model s nahradami komponent a jeho zasitoOVANi...........cccocevereiinineniicienn, 52
Obr. 10-6 Prvni v1astni tVar KIMTEU ........cccoieiiiiiiiieieiese e 53
Obr. 10-7 Sedmy vIastni tvar KIMItU .........ooiiiriiiiiiicee s 53

Seznam tabulek

Tah. 3-1 Udaje ZadAnT ........c.cvrvceceeceeeeeieseseeeee et 10
Tab. 3-2 Rozméry ptevodovky typu C v mm (oznacené v Obr. 3-1) ......cccccvvvvviiiveeiieen, 11
Tab. 3-3 Rozméry prevodovky typu KC v mm (oznacené v Obr. 3-2)........cccccovriiiininennn, 12
Tab. 5-1 Prvni navrh ozubeni (jeden zatézovaci stav a rovnobézna vzajemna poloha hiidelt)

.................................................................................................................................................. 25
Tab. 5-2 Zatézovaci stavy pro prvni navrh SOUKOIi.........ccceiiiiiiiiniiiiii e, 25

3


file:///H:/DP_z_plochy/DP_Nástřel.doc%23_Toc388097807

Zapadoceska univerzita v Plzni. Fakulta strojni.

Diplomova prace, akad.rok 2013/14

Katedra konstruovani strojt Bc. Lenka Karlova

Tab. 5-3 Prvni navrh ozubeni (jeden zatézovaci stav a vzajemna poloha hiideld kolma)...... 27
Tab. 5-4 ZatéZzovaci stavy pro prvni navrh soukoli (kolma poloha hiideld)...........ccccerveennee. 27
Tab. 5-5 Dovolené hodnoty priuhybu podle doporuceni softwaru MITCalc...........cccveeveeneee. 28
Tab. 6-1 Mechanické vlastnosti oceli udavané dodavatelem [10] .......ccoovvererieiinneniieiiennnn, 32
Tab. 7-1 Upravena geometrie (vyznacena tu¢né); vzajemna poloha hiideld rovnobézna ...... 33
Tab. 7-2 Zmény v zatéZovacich stavech vyvolané zménou geometrie kol (typ C) ................ 33
Tab. 7-3 Upravena geometrie (vyznacena tuén¢); vzajemna poloha hiideld kolma............... 34
Tab. 7-4 Zatézovaci stavy pii uZziti stejného motoru na vstupu (poloha htideli kolma)......... 34
Tab. 7-5 ZatéZovaci stavy pii pozadavku stejného momentu na vyStupU..........cceevververreennnnn. 34
Tab. 7-6 Porovnani ¢ty sledovanych parametrll ..........ccooeieiiiiiiiiiiiieee e, 35
Tab. 7-7 Vliv kmitoCtu sité na potifebnou velikost motoru [8]........ccevvviverieiveviieieeie e, 35
Tab. 10-1 Hodnoty zubovych frekvenci v HZ .........ccooiiiiiiiice e, 55
Tab. 10-2 Hodnoty vlastnich frekvenci prevodovKY........ccceviviieiiiiiiiie e 55
Tab. 11-1 Sledované parametry pro feSené MOZNOSH .......ecverververiiriereeierieriesie e seeeeeens 57



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad.rok 2013/14
Katedra konstruovani strojt Bc. Lenka Karlova

1. Uvod

Cilem této diplomové prace je navrhnout pievodovku ve dvou variantach podle zadanych
parametri a pozadavkil zadavatele. Pfevodovka bude pracovat na ropné plosiné plovouci
v mofti. Bude slouzit k pohonu navijaku lan, ktera plosinu kotvi a vyrovnavaji jeji polohu.

2. Predstaveni zadavatele

Zadavatelem diplomové prace je firma Wikov Gear, Tylova 1/57, 301 00 Plzen, ktera je
soucasti holdingu Wikov Industry. Jde o vyznamnou firmu, kterd je pokracovatelem ¢asti by-
valého koncernu Skoda a ma tak tradici ve strojirenstvi vice nez 125 let a ve vyrob& ozube-
nych kol a ptevodovek vice nez 80 let. Holdingova spole¢nost Wikov Industry ma nésledujici
strukturu

Vikow Gear Wikow MG

Wikov Wind Drbital2 | Wikowv Ching Wikow Russiz |Wikov Sazavan

e  Wikov Industry je holdingova skupina s feditelstvim v Praze.

e  Wikov MGI konstruuje a vyrabi specialni pfevodovky pro Siroké spektrum priimyslovych
aplikaci, kolejova vozidla a vétrné turbiny.

e  Wikov Gear vyrabi velké prevodovky a dily pfevodovek pro tézebni primysl, cementar-
ny a prumysl t€Zby ropy a plynu.

o  Wikov Wind poskytuje kompletni dodavky vétrnych elektraren véetné stavby a serviso-
vani.

e ORBITALZ2 je konstrukéni kancelat predevsim pro aplikace vétrnych elektraren.

«  Wikov China je nase zastupitelska kancelat v Cing.

e Wikov Séazavan je vyrobni zdvod specializujici se na vyrobu strojnich celkli a precizni
obrabéni jejich komponent.

Firma mé obchodni zastoupeni v Bulharsku, Indii, Indonésii, franu, Korei, Nizozemi,
Belgu Lucembursku, Rusku, Smgapuru Turecku, USA a Kanadg.

Jednatelem spolecnosti Wikov Industry a
zaroven jedinym akcionafem je dle Obchodniho
rejstiiku (ke dni 27.4.2014) Mgr. Martin Wich-
terle [19], vnuk Spickového Ceského chemika
prof. Otty Wichterleho (vynalezce napt. kon-
taktnich ¢ocek) a pravnuk zakladatele vyznam-
nych strojiren v Prostéjove, kde se vyrabély
parni lokomotivy, zemédé€lské stroje a automo-
bily.

Obr. 2-1 Mgr. Martin Wichterle
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Wikov Gear je vyrobni zavod s cca 150 zaméstnanci specializujici se na:

Design a vyrobu pievodovek pro:

Tepelné elektrarny

Povrchové doly

Cementarny a zpracovani minerali
Pramysl tézby ropy a plynu
Cukrovary

Chemicky primysl

Design a vyrobu rychlobéznych prevodovek

Vyrobu kuzelovych kol s ozubenim Klingelnberg do priméru 1150 mm (lapované a
HPG)

Vyrobu profilové brousenych ozubenych kol s pfimym vnitinim a vnéj$im ozubenim do
praméru 2500 mm

Vyrobu frézovanych ozubenych dilti do priméru 3500 mm

Pro odvétvi Tézba ropy a plynu a Lod’afsky pramysl firma dodava
Ptevodovky pro tyto aplikace:

kotevni, uvazovaci, tazné ¢i kombinované vratky

navijak vrtného systému

¢erpadlo hasiciho zatizeni

kalové ¢erpadlo

hlavice vrtného systému

ptfevodovky pohonu lodi s hydraulickym ovladanim propeleru

pfesna ozubena kola s ¢elnim ozubenim do praméru 2500 mm — dle DIN3961 do
ptesnosti T4 (3)

Rychlobézné prevodovky pro:

pohon plynovych turbin
pohon turbokompresora
pohon Cerpadel

pohon motor/generator

Sady ozubenych kol pro dieselové motory:

délend kola pro klikové hiidele
rozvodova kola

Sady cyklopaloidnich soukoli Klingelnberg do priméru talitového kola az 1150 mm pro
thrustery

Ptejimky produkti u renomovanych piejimacich spole¢nosti, jako jsou napt.: BV, DNV,
LRS, GL, ABS, KR, a dalsi
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2.1. Ukazky z vyrobni naplné Wikov Gear, Plzen

=

Obr. 2-2 Instalace pfevodovky pohonu kolesa koreckového velkorypadla

L4 s -

N ™

.

f \ -
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Obr. 2-3 Sneko-planetové pievodovky v pohonech velkorypadel a bagrii [9]
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Obr. 2-4 Pohon cementarenského kulového mlynu [12]

Obr. 2-5 Kuzelova pfevodovka pro pozarni pohon ¢erpadla [18]
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Obr. 2-6 Celni pfevodovka pro navijik kotevniho lana [18]

2.2. Ropna plosina

Ropna (vrtnd) plosina je specializované technické zatizeni urcené k tézb¢ ropy, které je
ukotvené k moiskému dnu.

Obr. 2-7 Rozdéleni typi ropnych plosin [15]

=

Pevna ploSina - zabetonovana do moiského dna, pouzitelnd do hloubky 500 m

2. Jack-up plosina - vybavena vlastnimi vysouvacimi nohami, pouzitelna do hloubky 120
az 150 m

Volna nebo mobilni ploSina - ukotvena lany ke dnu, pouzitelna do hloubky 900 m
Poloponorna ploSina - nadnasena pontony a ukotvena ke dnu, pouzitelna do hloubky
3200 m

5. Vrtaci souprava na lodi - je pouzitelna do hloubky 3700 m

P~ w

9
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Obr. 2-8 Riizné typy plovoucich ropnych plosin

3. Upresnéni zadani

Ukolem prace je navrhnout konstrukei redukéni ptevodovky pro &innost lodniho manipu-
la¢niho navijaku lana podle pozadavki zadavatelské firmy. To¢ivy moment se prenasi z pie-
vodovky drazkovanim vzdy pouze na jednom ze dvou konct vystupniho hiidele. Jako pohon
je ur€en elektricky motor. To¢ivy moment je z motoru pifenaSen pomoci pera.

Zivotnost je pozadovana 2400 hodin. Odpovida dobé Zivotnosti ploginy 20 let. 20 % doby
je prevodovka zatiZzena 100 % maximalniho zatiZeni, 80 % doby Zivotnosti je zatiZena do vy-
Se 70 % max. zatizeni. 50% provozni doby tvoii reverzni chod.

Pfevodovka bude mazana brodénim s pouzitim Syntetického oleje typu PG (na bazi poly-
glykol). Pti poklesu teploty oleje pod 15°C se pouzije ohtivac oleje, ktery je mozné odstranit
bez vypusténi oleje. Teplota oleje nesmi piekrocit 65°C. K chlazeni slouzi vodni chladi¢ ve
formé spiraly z nerezové oceli.

Skiin navrhnout univerzalni pro uspotadani hfidelti vstupu a vystupu rovnobézné (pro
ptevodovku typu C) i kolmo (pro ptevodovku typu KC).

Pievodovka typu C i typu KC mé mit dvé vystupni rychlosti. Radici mechanismus, ktery
bude pouzity, uz je vyuzivan u jinych vyrobkd firmy a neni soucasti feseni této prace.

Na vyrobu ozubenych kol pouzit pfednostné material 18CrNiMo7-6.

Pfevod i 54,485 / 14,825
Moment Mt [Nm] 6.000
Vstupni otacky ni[min’'] 800
Vystupni otacky ny[min] 14,68 / 53,96
Hmotnost m [kg] 6900
MnozZstvi oleje QI 400
Viskozita oleje | v [mm“s™/40°C] 150

Typ oleje Shell Omala SGX

Typ maziva Shell Alvania EP2

Tab. 3-1 Udaje zad4ni

10
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3.1.Pozadavky zadavatele

Soucasti zadani je orientacni pozadavek na rozméry skiing. Zadavatel chce pouzivat jednu
univerzalni skiin pro dva typy pfevodovek. Na prvnim obrazku je ramcova piedstava skiiné
prevodovky s rovnobézné ulozenymi htideli (typ C). Primér vstupniho hiidele je 100 mm a
délka presahujici skiin je 160 mm. Vysledny pievod mé byt uskute¢nén pomoci tfi prevodi.
Osové vzdalenosti budou stejné u obou typt prevodovky. Je urena délka, Sitka a vyska skii-
né. Vystupni hiidel bude na obou koncich drazkovany (260x5x50), délka pro spojeni bude
200 mm. Vystupni hiidel pfesahuje symetricky obrysy skiin¢ o 180 mm na kazdé strané. Na
obrazku je uréeno misto pro piipojeni dynamické brzdy na tfetim hiideli. Je to jen jedna
z moznosti brzdéni a pro fesSeni této prace bude hiidel piekryty vickem. Pfiblizné rozméry
jsou v tabulce pod obrazkem.

Al

(

Be. Lenka Karlova

H2

H1

Al

A2

A3

“OIL LEVEL

K2

L1

K2

" SHAFT END FOR CONNECTION OF DYNAMIC BRAKE

Obr. 3-1 Obrysové rozméry prevodovky typu C; vstupni a vystupni hiidel jsou rovnobézné

A0

Al

A2

A3

B

C

H1

H2

K2

D1

L1

D2 L2

340

300

465

750

780

2615

720

1380

570

100

160

260x5x50 | 200

Tab. 3-2 Rozméry pievodovky typu C v mm (oznacené v Obr. 3-1)
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Typ pitevodovky KC (Obr. 3-2) vychazi z ptedchoziho typu C. Je rozsifen o vstupni hii-
del, ktery je kolmy ke stavajicim (kolmy k vystupnimu). Osa vstupniho hiidele ma lezet
Vv d¢lici roviné skiiné a v ose pievodovky. Puvodni vstupni hiidel nema nepiesahovat obrys
skiing. Ostatni rozméry zlstavaji stejné jako u typu C.

Al

L1
= =
‘I"\ E
Y
\
K0 Al A2 A3
c ~OIL LEVEL
|
|
| | | I 1
| o~
| : l i | <
| | | |
S | T e R e W
| ! l
| | !
|
[
| | | ) I— gc"
| ST
| |
| =
-
|

T SHAFT END FOR CONNECTION OF DYNAMIC BRAKE

Obr. 3-2 Obrysové rozméry prevodovky typu KC; vstupni a vystupni hiidel jsou kolmé

A0 | A1 | A2 | A3 B Cc H1 H2 K2 | D1 L1 D2 L2

340 | 300 | 465 | 750 | 780 [ 2615 | 720 | 1380 | 570 | 100 | 160 | 260x5x50 | 200

Tab. 3-3 Rozméry prevodovky typu KC v mm (oznacené v Obr. 3-2)

3.2.Pozadované zatézovaci stavy

Celkova doba zivotnosti je rozdélena v poméru 1:4. Dvacet procent ¢asu bude pirevodovka
zatizena na 100% vykonu; osmdesat procent ¢asu bude zaté¢z 70%. Polovinu obou ¢ast bude
tvofit reverzni chod.

12
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4. Prevodovka

Ptevodovka umoziuje mechanicky ptevod. Je to technické zafizeni, které realizuje zménu
rotacniho pohybu na rota¢ni pohyb s jinou thlovou rychlosti a to¢ivym momentem. Mize
umoznit nastaveni jednoho nebo vice prevodovych stupni. Prevodovka je soucasti pohonného
systému. Vytvari kinematickou a silovou vazbu mezi vstupnim a vystupnim ¢lenem.
Ptevodovky rozdélujeme na pievodovky se stalym pfevodovym pomérem a na pievodovky
S proménlivym pievodovym pomérem (variatory).

Je-1i vystupni rychlost niz8i nez vstupni, jde o pievodovky redukcni. V opaéném piipadé fi-
kame prevodovkam multiplikatory.

pievodovka
hnaci prvek hnany prvek

Sl

Obr. 4-1 Zakladni schéma pfevodového mechanizmu

Hnaci prvek predstavuje spalovaci motor, turbomotor, hydromotor, elektromotor nebo ruéni
klika.

Vystupni pohyb pfevodovky miize byt rota¢ni nebo posuvny.

Funk¢énimi parametry prevodovky jsou ptikon (nebo vstupni to¢ivy moment), vystupni otacky
(nebo posuvova rychlost na vystupu), celkovy pifevodovy pomér, celkova Uc¢innost a Zivot-
nost.

Rozmérovymi parametry jsou rozméry piipevnéni k zédkladu a vzijemnd poloha vstupni a
vystupni osy.

Provoznimi parametry jsou provozni teplota, pocet rozb¢htl za Cas a zatéZovaci spektrum.

P1, n1

Mti, ni

Obr. 4-2 Kinematické schéma prevodovky s rota¢nim vystupnim pohybem
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4.1. Clenéni pievodovek

4.1.1. Podle kinematiky

e rotatni — rotacni
vstupni energie do pfevodovky je pfenasena rotatnim pohybem hiidele, vystupni energie
je prenasena rotaénim pohybem htidele, ale s jinou charakteristikou, (jiné otacky / jiny
kroutici moment / jiny smér otaceni)

e rotacni — linedrni
vstupni energie do prevodovky je pfenaSena rotacnim pohybem hiidele, vystupni energie
je prenasena linedrnim pohybem (posuvem)

e linedrni — lineérni
vstupni energie do prevodovky je pfendsena linearnim pohybem (posuvem), vystupni
energie je pfenasena linearnim pohybem (posuvem)

e rotacni — periodicky
vstup do prevodovky vykonava rotacni pohyb, vystup ptevodovky vykonava periodicky
rotacni (kyvavy) pohyb nebo periodicky posuvny pohyb (tam-zpét)

4.1.2. Podle funkce

e linedrni
vystup pievodovky je vzdy linedrn€ imérny poloze vstupu, napt. thlu natoceni hiidele

e nelinearni
vystup prevodovky vykonava pohyb, ktery neni pfimo umérny vstupu pievodovky (spoji-
ty, nelinedrni) piipadné mize byt vystup z pfevodovky pierusovany (nespojity, nelinear-
ni).

4.1.3. Podle pienosu energie

e obousmérné
vstup a vystup ptevodovky je mozno zaménit (zpravidla u jednoduchého soukoli).

e jednosmérné
prevodovka mé uréenou vstupni a vystupni stranu pro prenos energie (zpravidla vice-
stupniové prevodovky).

e samosvorné
konstrukce prevodovky principidlné neumoZiuje obousmérny pienos vykonu (napf.
Sroubové a $nekové pievodovky). [8]

4.1.4. Podle provedeni

e s piimymi, Sikmymi nebo Sipovymi zuby — rovnobézné vstupni a vystupni hiidele
e s kuzelovym soukolim — riznobé&zné vstupni a vystupni htidele
¢ se Snekovym pievodem — kolmé vstupni a vystupni hiidele

14
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4.2. Vlastnosti vyrobkii

Samotna volba jednotlivych prvkia vyrobku, tedy i pfevodovek, se provadi podle riznych kri-

térii. Existuje fada raznych vlastnosti, které 1ze utiidit do urc¢itych skupin nebo tfid. Vlastnosti

se daji d¢élit na tfi skupiny vlastnosti:

1. Vlastnosti deskriptivni — tedy vlastnosti, které dany technicky systém popisuji zvnéjsku —
jak objekt vypada, jako napft. jeho tvar, rozmér, material a barva

2. Reaktivni vlastnosti — coz jsou vlastnosti, kterymi objekt reaguje na vnéjsi podnéty, jeho
reakce na okoli. Tuto skupinu vlastnosti 1ze déle rozdélit do podtiid:

a) Fyzikalni vlastnosti — Ize je popsat fyzikalnimi veli¢inami a jsou také méfitelné a kva-
lifikovatelné fyzikalnimi jednotkami soustavy SI. Mimo jiné tuhost, pevnost, tvrdost a
houZzevnatost.

b) Interaktivni vlastnosti — vyjadiuji odolnost vici ptisobeni okolniho prostiedi na objekt
jako napt. odolnost viué¢i chemicky agresivnimu prostfedi nebo odolnost vi¢i korozi
apod.

c) Technicko-vyrobni vlastnosti — vyuziti objektu v praxi, piedevsim vyrobitelnost objek-
tu (napf. obrobitelnost), dale vhodnost a moznosti spojeni napt. svafitelnost

3) Reflektivni vlastnosti — vlastnosti, jakymi objekt ptsobi zpét na okoli. Jsou to jeho pro-
vozni a vyrobni vlastnosti; ekonomické, distribucni a legislativni vlastnosti; ergonomické,
ekologické a likvida¢ni vlastnosti

4.3. Stavebni struktura prevodovky

e pievodové prvky
slouzi k ptevodu jednoho typu pohybu na pohyb s jinymi parametry (napf. uhlova rych-
lost, to¢ivy moment)

e pfenosové prvky
slouzi k pfenosu zatizeni mezi pfevodovym prvkem a rdimem

e uloZeni rotacnich casti
slouzi k zajisténi jednoznaéné polohy hiidelt vici ramu (Kriteria pti jejich volbé jsou
unosnost, zivotnost, tuhost, viile, tepelné poméry, mazani)

Spojovaci prvky pro prenos tocivého momentu

4.3.1. Prevodové prvky

- Ozubené Celni valcové (a¢innost pievodu asi 0,98)
- Ozubené kuzZelové (u¢innost prevodu asi 0,96)

- Ozubené $nekové (acinnost prevodu do 0,6)

- Treci

- Retézové

- Remenové

- Ptevod pohybovy Sroub — pohybova matice

- Vackovy mechanizmus

- Klikovy mechanizmus

4.3.2. Prvky pro prenos zatiZeni
- Hridele
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4.3.3. Ulozeni rotaénich éasti

- Valiva loziska
- Splosnym dotykem - kluzna loziska
- hydrostaticka loziska
- hydrodynamicka loziska

4.3.4. Spojovaci prvky pro pienos to¢ivého momentu

- Koliky

- Pera

- Dréazkovani

- Nalisovani

- Rozpérné krouzky

v rw 4

4.3.5. Ram - prevodova skiii s vyztuZznymi Zebry

- Svarenec
- Odlitek
- Kombinace

4.3.6. Prvky zajist'ujici dalsi funkce

- Mazani
- Chlazeni
- Tésnéni

Mazani

Mazani snizuje tfeci odpory a opotiebeni funkénich ploch, tim zvysuje u¢innost, pres-
nost a zivotnost, a snizuje hluénost. V pfevodovkach jsou mista s vy$§imi naroky na mazani —
loziska, spojky, ozubend kola, vodici plochy. Jinde sta¢i pretrzité mazani. Zptisob mazani
délime podle poctu mazanych mist na centralni a jednotlivé. Mazat lze pevnym mazivem
(grafit, teflon) olejem nebo tukem (plastickymi mazivy).

Mazaci soustavy, kde mazaci medium ob¢hne soustavou jen jednou, nazyvame ztrato-
vé. V uzavienych soustavach obiha mazivo stale. Soustava mize byt beztlakova nebo s ptliso-
bicim tlakem [11].

Zpisoby nanaseni maziva na funk¢ni plochy:

e rucni
Nalitim maziva do oznacenych maznic.

e kapanim
Zcela ztratovy systém.

e rozstfikem, brodénim
Nekteré Casti jsou ¢astecné ponoteny v oleji Olej svym pohybem nabiraji a rozstiikuji.
Hloubka ponoru je cca polovina vysky zubu. Pouziva se do obvodové rychlosti 6m/s. Pfi
vyssich rychlostech olej péni a prehiiva se. Sneky do rychlosti 4m/s ponofeny vice neZ
z poloviny. Muze se stat, ze se rozstiikované mazivo nedostane na v§echna potiebna mis-
ta. Zajisténi mazani takovych mist mizeme dosahnout zménou tvaru ploch, od kterych se
mazivo odrazi, nebo musime piidat néktery dalsi zptisob mazani.
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e olejovou mlhou
Vyuziva se pii vysokych otackéach. V celém prostoru se diky tlakovému vzduchu tvofi
z oleje jemné kapicky.

e obchové
Jde o tlakové mazéani v uzaviené soustavé, které plni vice funkci, napt. chlazeni. Tlak za-
jistuje ponorné samonasavaci cerpadlo s vlastnim elektromotorem.

Obr. 4-4 Mazani loziska brodénim(vlevo) a mazacim krouzkem

Cooler

Fump with
metering unit

i

Compressed air

Obr. 4-5 Mazani loZiska nucenym obéhem oleje (vlevo), mazani vstiikovanim (uprosti‘ed)
a mazani systémem olej-vzduch [7]
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Chlazeni

K chlazeni pfistupujeme proto, ze pii styku zubt dochazi nejen k odvalovani, ale také
ke skluzim. Ty se podileji na snizeni G¢innosti pfevodovky a projevi se ve formé tepla. Pie-
vodovy olej je tieba ptizpisobit teploté prevodovky. Idealni teploty v ptrevodovce by byly
Z hlediska oleje kolem 60° C. Je-li vyssi, je tieba zkratit interval vymény oleje. PiirGstek tep-
loty 0 10°C vede ke sniZeni doby Zivotnosti oleje o 50%. Naopak snizenim teploty o 10°C
tato doba vzroste na dvojnasobek.

Obr. 4-6 Montazni sada chladice oleje

Tésnéni

Dtvodem k pouZzivani tésnéni je skutecnost, ze necistoty, které vniknou do soustroji, mo-
hou byt divodem mechanického poSkozovani hiidelt a lozisek. To pak vede ke snizeni zZivot-
nosti dilu nebo i celého stroje. Dal$im diivodem pouziti t€snéni je zabranéni tniku ekologicky
neptiznivych médii vné stroje. Tésni se rotujici dily, dily, které maji pfimocary posuv nebo
navzajem se nepohybujici dily.

Tésnéni pro rotujici dily

Tésnéni s jednim tésnicim bifitem. Pryzovy elas-
ticky vngjsi plast’ eliminuje teplotni roztaznost a
vétsi povrchovou drsnost uloZzného prostoru. Pii
CastéjSi vymeéné tésnéni neni nebezpeci posko-
zeni zastavbového prostoru. Typ je vhodny pro
bézné utésnéni kapalnych a plynnych meédii.
Ochranna prachovka zabranuje piistupu prachu
a necistot do vlastniho tésnictho mista. Otér
na tésnéni snizuje a korozi na hiideli zabraiuje

mazaci vazelina v prostoru mezi tésnicim bfi-
Gufero bez prachovky ~ Guferos prachovkou  tem a prachovkou.

Tésnéni s jednim tésnicim bfitem. Kovové
pouzdro umoziujici pfi montazi snadnéjsi ulo-
Zzeni. VyZaduje pfesnéj$i toleranci uloZného
prostoru, aby bylo dosazeno dokonalého utés-
néni i na vn&j$im plasti.

Tésnéni s jednim tésnicim bfitem. Je opatieno
kovovym pouzdrem a kovovou vyztuzi. Pro
drsnéj$i provozni podminky a vétSi rozmery.
Gufero je diky vyztuzi odolné&jsi vaci chybam
pii montazi.
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Tésnéni s jednim tésnicim bfitem. Gufera bez
taznych pruzinek uréena pouze pro nenarocna
pouziti. Gufera WAQO maji vnéjsi pryzovy
plast.

Tésnéni se dvéma tésnicimi biity k utésnovani
dvou médii. Gufera WAD maji vnéjsi pryzovy
plast. Tésnéni se Ctyfmi biity jsou jesté ucin-
néjSi. Maji niz$i tfeni. Nahrazuji tésnéni se
dvémi bfity pro vyssi otacky hiidele. Vyroba
ze vstiikovaného termoplastického elastomeru
(TPE).

Axidlni tésnéni se pouzivaji predev§im v kom-
binaci s radidlnimi tésnicimi krouzky htidele.
Pouzivaji se jako modularni ptfedfazeny tésnici
prvek pro utésnéni pied necistotami, prachem,
tukem a proti stikajici vodé z vné&jsku. Axialni
tésnéni se skladaji ze dvou slozek - z kovového
krouzku a z pryze.

& &

— 1=b+0,5
b 'Z Tésnici vicko se pouziva pro bezpecné utésné-
ni otvort pro hiidele. Casto v prevodov-
kach. Pozadujeme chemickou odolnost
vuci olejim a tukiim. Stfedni odolnost
proti starnuti.

-,

\\

H8
zd?

| B —

V-krouzky - celopryzovéa tésnéni pro rotujici
hiidele s kuzelovym tésnicim bfitem. Montuji
se a otaceji s hiideli. Tésnici bfit v axialnim
sméru tésni vici stykové plose, kterd je kolma
k hiideli. V-krouzky lze roztdhnout a mohou
byt pii montaZi ptetazeny i pies piirubu - vyho-
da pti opravach. Pti rychlostech od 8 do 12 m/s
musi byt axialné pojistény. Ochrana proti pra-
chu, popf. stiikajici vode.

Jedna velikost V - krouzku mutize byt pouzita i
pro vice priimérti hiideli.

\Q

Dvoudilné rota¢ni tésnéni (Omegat) se sklada z
opérného o-krouzku a PTFE tvarového tésnici-
ho krouzku. Vyhodou je moznost kombinace
posuvného a rota¢niho pohybu, a moznost vel-
kého tlakového zatizeni tésnéni.
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Tésnici krouzky, které se dotykaji rotacnich dilt, jsou pii provozu zdrojem tepla.
Z tohoto diivodu se u rychlobéznych ptrevodovek pouziva labyrint.

Kazetové tésnéni je kompletni jednotka slozena z radidlni-
ho hiidelového tésnéni a protibézného mista. Racionalni
feSeni se zabudovanym labyrintem proti extrémnimu zati-
zeni necistotami. Zabudované protiobézné misto odpovida
vysokym pozadavkim na dynamické tésnéni. Vyhodou
tohoto té€snéni je nenaro¢nost na opracovani hiidele (i jeho
mozné pouziti pro poSkozené htidele) a je vyrazné pro-
dlouZend Zivotnost.

Obr. 4-7 Tésnéni rotujicich dili [4, 7, 13, 17]

Tésnéni pro staticka a dynamicka pouziti
O-krouzky jsou vhodné pro té€snéni vzajemné se nepohybujicich ¢asti (pod hlavou Srou-
bu, utésnéni vika) nebo pii vzdjemném axiadlnim pohybu (pist a pistnice)

Obr. 4-8 Princip tésnéni pomoci O-krouzku [16]
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5. Navrh prevodovky

5.1. Rozdéleni zatéZovacich stava

Celkova doba Zivotnosti T je rozdélena v poméru 1:4 na dobu T, a dobu T,. Po dobu T;
bude pfevodovka zatiZzena na 100% vykonu; po dobu T, bude zatéz 70%. Polovinu doby T; i
doby T, bude tvofit reverzni chod (tj.10 a 40%). V tomto okamziku jde o 4 zatézovaci stavy.
Spojkou na htideli II bude zatfazen 1. nebo 2. rychlostni stupen. Rozdélenim 4 ptredchozich
stavli dvéma rychlostnimi stupni dostdvam osm zatézovacich stavd.

Be. Lenka Karlova

Celkova doba provozu T=2400 Moment na vstupnim Moment na hiideli 11
100% zatizeni hodin hrideli
T, =2400-0,2 =480 [kNm] Stupeit [kNm]
1. 120 6 1 22,14
2. 120 -6 ' -22,14
3. 120 6 9 6
4, 120 -6 ' -6
70% zatizeni T, =2400-0,8 =1920
5. 480 4,2 1 15,5
6. 480 -4,2 ' -15,5
7. 480 4,2 9 4,2
8 480 -4,2 ' -4,2

Motor zatim neni specifikovany. Vstupni to¢ivy moment je M; = 6000 Nm

5.2. Varianty kinematickych schémat

P1, n1, M1 —| :_(
A

_‘/Zl Z3 g

~

X
<l—

X

b Th o
= Ix|= = —
Al ERL=

| Mo, Z4J
/—27
— X —
Z"

\Zs

Obr. 5-1 Kinematické schéma prevodovky typu C
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Na zaklad¢ pozadavkil zada-
vatele jsem sestavila navrh kine-
matického schéma pro typ pie-
vodovky C. VSechny hiidele maji
vic¢i sob€ navzajem rovnobéznou
polohu. Pfevodovka ma mit dva
pirevodové stupné. To je umoz-
néno dvéma  kinematickymi
cestami. Kazda cesta je pfes tii
soukoli. Jedna kinematick4 cesta
za¢ina vstupnim hiidelem pfes
soukoli 1,2, soukoli 5,6 a soukoli
7,8 a kon¢i vystupnim htidelem.
Druhd kinematickd cesta rovnéz
za¢ina vstupnim hiidelem, ale
pokracuje ptes soukoli 3,4. Daéle
je shodna s predchozi cestou (tj.
ptes soukoli 5,6 a 7,8 na vystupni
hiidel). O zafazeném stupni roz-
hoduje poloha ptesuvné spojky.
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Zl\
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1|V
X
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\26 -zs

Obr. 5-2 Kinematické schéma prevodovky typu KC

s nakupovanou pievodovkou

Be. Lenka Karlova

Z pozadavku zadavatele na stejnou
skiiin pro oba typy pievodovky vyplyva
nutnost ponechani zékladu kinematického
schéma pievodovky typu C i pro pievo-
dovku typu KC, jejiz vstupni hiidel bude
umistény kolmo k vystupnimu htideli.

Kolmou polohu hiidelt jsem se rozhod-
la vytesit kuzelovymi koly s pfevodem 1:1.

Pro rychlou zménu vzajemné polohy
htidelt ze stejného vychoziho zdkladu by
mohla slouzit nakupovand pievodovka,
kterd by se umistila na soucasny vstupni
hiidel (kinematické schéma je na Obr. 5-2).
Timto feSenim by ale doslo k vyraznému
ptekroceni uréenych orientacnich obryso-
vych rozméri skiin€ a nebyl by ani dodr-
zen pozadavek na umisténi osy vstupniho
hiidele do osy pievodovky a délici roviny
skiiné.

Pti dodrzeni pozadavkl na umisténi vstupniho htidele Se jevi jako mozné umisténi kuze-
lového kola mezi kola 1 a 3 nebo pied (vidéno zleva) kolo 1(viz Obr. 5-3).

P1, n1, Mt1

P1, n1, Mt

7 Zki—, > N\
21 \\_%I 23_/
— XM X \l( X=
Z1 |
I ; ﬂ:; 1
—1X —] —
A\leEnL=
75 24~
227- /‘Z?
— X ‘i( X —
_\26
1 t = X T — T
\28
NG J

Obr. 5-3 MoZna umisténi kuZelového soukoli
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5.3. Navrh modulii a po¢tu zubii

Kritéria vhodné volby druhu ozubeni
unosnost

tuhost

ucinnost

hlu¢nost

tlumeni

Be. Lenka Karlova

Pro vétsi inosnost a mensi hlu¢nost volim na ¢elnim ozubeni Sikmé zuby. Vztahy pro prvni

navrhy ozubeni

M. -
Informativni modul m=7,6-3 ﬂ .
cCy-7

M; = 6000 Nm

¢ =15 (materidlové konstanta pro Slechténou ocel, tvrzené boky zubii)
w =20 (voli se podle materialu, pro tvrzené boky zubti v rozmezi 10 — 20)

M 7,6-3/6000'(:0515 =795
15.20-17

Volim modul m=7.

a:d1+d2:295[mm] dl_Zl'm_17'7

~ cos p ~ cos15

=123198[mm]

d, =2-a—d, =2-295-123198 = 466,802[mm|

d, - Z,-m 7, = d,-cosp :466,802-00515 — 64.413 = 64 zubi
cos m 7
Bachuv vzorec Fiw=t-b-c-15; b=-w-m

b=-w-m=20-7=140
F.,, = 7-7-140-15-15=69272[N]
Pro prvni soukoli volim pocty zubt z, = 17, z, = 64.
Prevod i, = 22 = 9% 37647

z, 17
Z pozadovaného celkového pievodu 1. stupné zbyde

i, 54,485

i, 3764

To je téméf stejna hodnota prevodu jako u 2. stupné.

i _lp 14825 =1,024.
20 14475 7

23
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Moment M; = 6000 Nm je stejny jako u soukoli 1,2. Modul volim m = 7. Osovou vzdélenost
musim rozdélit koly s pfevodem 1,024. Tedy zhruba na pul. 295/ 2 = 147,5 [mm].

Z3-m=2'147'5= 23~7 %23=m=40,7 [Zubﬁ]

d. =
* cosf c0s15°

Upravim-li uhel g =10°, pak z, =415 zubt

Pomér z4/z3 = 41/40 =1,025,
2473 = 42/41 =1,024.

Proto volim ¢elni ozubeni se sklonem zubti # =10° a pocty zubil 24=42, 73=41.

Pro dali soukoli se zméni toGivy moment M =M, -i, -7, [Nm]

M, = 6000- 22 .7, = 6000- % .0,98 = 22 136,5 = 22 140[Nm|
yA

1

m_763 Mt-008,6’:7’6.3\/22140-c0315 1295
c-y- 7, 15-20-17

Volim modul m = 12,

d, =2 M_1712 511996 [mm]
cos f cosl5°
a = 455 [mm] d, =2-a—d, =2-455—211,196 = 698,804 [mm]|
698,804 = 2o M _,, _ 098804-C0SIS" oo . 56 [aubi]
cos B 12

Pomér zg/z5 = 56/17 =3,294; na posledni pievod zbude 4,394.
Zolzs = 57/16 =3,563; na posledni pievod zbude 4,063.

Volim pocty zubli zs=16, z5=57.
Pro tieti soukoli se zméni to¢ivy moment M, =My, -i, - 77, [Nm]

M, =22140- % . = 22 140.%-0,98 = 77296,3=77300 [Nm]
YA

5

mo76-s Mt'cos,b’.=7’6.3\/77300-00515 1850
Cy-z, 15-20-17

Volim modul m = 18.

_Zy-m 17.18

d, = =
cosf  c0s15°

= 316,795 [mm]
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a = 765 [mm] d, =2-a —d, =2-765-316,795 =1213,205[mm|
1213205 = 22 M _,, _1213205:C0S15° _ o1 - 65 [oubi]
cos 18

Pomér zg/z; = 65/17 =3,294; celkovy pievod by byl 44,176.
Zglz7 = 65/16 =4,063. Celkovy pievod bude pozadovanych 54,485.

Vystupni moment bude M =M, -i, -77, [Nm]

M =77300- % -0,98= 307750 [Nm]

2. stupen neni tolik redukéni, tocivy moment bude mensi, ozubeni vypocitané pro 1.stupen
vyhovi.

. otacky . otacky
g ; m o B b Pievod a 1. stupeii pfislus. 2. stupeii pfislus.
= mm] | 1 | [°1 | [mm] i [mm] M, [Nm] hfldgle M, [Nm] hf’ldﬁ_"e

[1/min] [1/min]

1|17 202 6 000 800 -
2| 64 ! 20 | 13 118 3,76 295 22 140 2125 -
3|41 70 - 6 000 800
442 | | 0|07 102 | 25 i 6023 780,95
5| 16 160 22 140 212,5 6 023 780,95
6l57 ] 2 | B | [gg| 30 | 45 777300 [ 5965 | 21020 | 219,24
7|16 250 77 300 59,65 21029 219,24
8| 65 18 20 | 15 218 4,06 765 307 750 14,68 83 422 53,96

Tab. 5-1 Prvni navrh ozubeni (jeden zatéZovaci stav a rovnobéZna vzajemna poloha hridela)

. . n n,-z
Zména otacek n, =+ =211
Il 22
M,-2-7-n 6-10°-7-800
Vykon motoru P=—! = =500 [kW]-
60 30

R L Hridel | HFidel II HFidel Il Hridel IV

2 LER (kolo 1, 3. K2) (kolo 5+2, nebo 5+4) (kolo 6, 7) (kolo 8)

% ot | M. | oteky | vikon | Lo | M. | oteky | vikon | M. | owtky | vikon | M. | otaeky | Vikon

S| Mo | | pming |y PR 1 knmp | pimin) | powy | e | puming | opwp | opemp | pimin) |ewg
T 120 | & 800 p 214 | 2126 7728 596 308 146

7 o [ % 800 (=z2iz1) [ 22.14 [ 2125 7728 | 596 308|146

3 [ 120 | © soo| 027 2 3 781 | 4926 21| 2192 4828 837] 539 *°

| 920 | % 800 =z [ % 781 21 2192 B37] 639

™

£ | hodin

™~ | 1920

5 | 480 | 42 300 1 55| 2125 51| 596 2153|146

5 | 480 | 42 500 (=z2iz) | 155 9125 541 596 2153 146

71 280 | 22 soo| °1° 2 12 7181 | 38 a7 2192 370 586] 539]

5 | 280 | 42 800 (oaizy) [ 42 781 47| 2192 586] 539

Tab. 5-2 ZatéZovaci stavy pro prvni navrh soukoli
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5.4.Model navrhu

V této fazi navrhu jsem udélala 3D navrh soukoli, abych ziskala ptfehled o moZnostech
umisténi kuzelového soukoli. Samotna ozubena kola jsem modelovala podle udaji z Tab. 5-1
a pevnostn¢ kontrolovala na hodnoty z Tab. 5-2. Pouzivala jsem dva softwary, Autodesk In-
ventor Professional 2013 a KISSsoft 2013.

5.4.1. Softwary pouzité pri reSeni

KI1SSsoft 2013

Software je urceny pro vypocty. Vysledky vypocti ozubeni, hiidell s lozisky a spojova-
cich prvkil jsem zatadila do pfilohy. Vysledné data jsem dale pouzila jako vstupy k analyzdm
provedenym v Inventoru.

Vyuzila jsem skutecnost, Ze software dokaze vytvofit model navrhovaného pocitaného di-
lu ve formatu *.step. Timto zplisobem jsem ziskala model kuzelového soukoli Klingelnberg
pro dalsi pouziti v Inventoru.

Autodesk Inventor Professional 2013

Software, ktery jsem pouzila pro vytvoieni modell jednotlivych ¢asti, véetné ozubenych
soukoli, k pevnostni, tuhostni a modalni analyze a k vytvofeni vyrobni dokumentace. Zaklad
modelu kuzelového soukoli jsem ziskala z KISSsoftu ve formatu *.step. Inventor totiz umoz-
nuje modelovani ozubeni s pfimymi a Sikmymi zuby, nikoli se zakfivenymi.

K vytvoteni 3D modelu prvniho navrhu soukoli jsem pouzila Inventor.

vystupni drazkovani vstupni hridel

Obr. 5-4 Sestaveni prvniho navrhu — varianta s rovnobéznym usporadanim h¥ideld

Primér hiidelt jsem pfizplsobila pastorkiim, délku hiidelli pozadované Sifce skiiné.
Na vstupnim htideli je drdzka pro pero. Pastorek 1 ma ozubeni ve vétsi Sifce nez spoluzabira-
jici kolo 2. Je to z divodu rozméri vyrobniho nastroje. Na hiideli I je je$té nasazen pasto-
rek 3, ktery zabira s kolem 4. Soukoli 1,2 a 3,4 jsou stale v zabéru. Kola 2 a 4 jsou uloZena
na kulickovych loziskach a k pfenosu momentu na druhy htidel dojde po zasunuti ozubeni
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Be. Lenka Karlova

spojky, ktera se pohybuje axialné po drazkovaném htideli. Poloha spojky rozhoduje o celko-
vém pievodu. Lze nastavit 2 prevodové stupné. K pfenosu momentu a tim i k zafazeni ptevo-
dového stupné a otaceni hiidele II dojde po zasunuti zubt piesuvné spojky (na Obr. 5-4 ma
cervenou barvu) bud’ do kola 2, nebo na kolo 4. Spoluzabirajici ¢ast spojky je pfiSroubovana
ke kolu a ma ptimé zuby. Hridel IV je delsi, pfesahuje planovany obrys skiiné a je na obou
koncich opatten drazkovanim.

1. rychlostni stupen je dosazen pies pievody z,/Z1, Ze/Zs a 2g/Z7
2. rychlostni stupen je dosazen pies pievody z4/z3, Zs/Zs a zg/z7

Existuji tedy 2 kinematické cesty, kazda ptes 3 soukoli.

Pro zménu vzajemné polohy vstupniho a vystupniho hiidele z rovnobézné na kolmou
jsem zvolila kuzelové soukoli Klingelnberg s ptevodem 1:1.

. otacky " otacky
° m o | B b Pfevod a 1. stupen prislus. 2. stupeft prislus.
o Z o ° . M, s M, s
x [mm] | [°] | [°] | [mm] [mm] [thﬁ 1 htidele [kN}n ] htidele
[1/min] [1/min]
K1 | 24 95 6 800 6 800
K2 | 24 10120130 95 5,8 800 5,8 800
1 17 202 58 800 - -
2 64 ! 201 13 118 3,76 295 17,4 259 - -
3 41 70 - 5,8 800
R 7 20 | 10 70 1,02 295 - 58 786
5 16 160 17,4 259 5,8 786
6 57 122514 148 3,56 455 61 72,7 20 221
7 16 250 61 72,7 20 54,3
8 65 18120115 218 4,06 765 242 17,9 79,8 54,3
Tab. 5-3 Prvni navrh ozubeni (jeden zatéZovaci stav a vzajemna poloha h¥ideli kolma)
L _20 Hridel 0 Hiidel | Hiidel I Hiidel 11 Hidel IV
Is 80 (kolo K1) (kolo 1, 3. K2) (kolo 542, nebo 5+4) (kolo &, 7) (kolo 8)
g T1 hodin | M. |Otaéky| M. M, | Otaky | vWkon tupen M. | Otaéky | Vykon | M. | Otacky | Vvkon M, Otacky | vykon
= 480 fnm] | (1ming | penm | peemg | pming | opewg | SMPEN | ponimy | puming | opewg ) penmy | poming ooy | penmg | pming | e
1] 120 6 | 800 58 | 800 g | 174 | 259 61 | 727 242 | 179
2| 120 6 | -800 58 | -800 =220 474 | -259 61 | 7127 242 | 179
503 : 483 473 463 454
3| 120 6 | 800 58 | 800 . 58 | 786 20 | 221 798 | 543
4.1 120 6 | -800 58 | -800 (=43 58 | 786 20 | 221 798 | 543
2 | T2 hodin
2| 1920
5| 480 | 42 | so0 4 | 800 . | 122 250 426 | 727 169,5 | 17,9
6.] 480 | -42| -800 4 | _800 (=220 | 122 | -259 426 | 127 -1695| -17.9
352 338 331 324 318
7| 480 | 42 | 800 4 | 800 . 4, | 786 14 | 221 559 | 543
8| 480 | -42| -800 4 | -800 E23) ) 4 | 786 14 | 221 559 | 543

Tab. 5-4 ZatéZovaci stavy pro prvni navrh soukoli (kolma poloha hiideli)

Pti vzdjemné kolmé poloze vstupniho a vystupniho hiidele existuji rovnéz dvé kinema-
tické cesty. Kazda vede ptes 4 soukoli. Pribylo kuZelové soukoli, zmensila se celkova ucin-
nost.
1. rychlostni stupen je dosazen pies pievody zko/Zk1, Z2/Z1, Z6/Z5 @ Zg/Z7
2. rychlostni stupen je dosazen ptes pievody zia/Zx1, Za/Z3, Z6/Z5 a 2g/Z7
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Vstupni hiidel pro typ C

e

Zs

Vstupni hridel pro typ KC

Obr. 5-5 Umisténi vstupniho h¥idele pro typ C a typ KC

Z Obr. 5-5 je patrné, ze pii respektovani pozadavku zadavatele na umisténi osy vstupniho
htidele v podélné ose skiin¢ a zaroven v délici roviné pievodovky je mozna jen jedna varianta
umisténi kuzelového soukoli. Pro feseni S kuzelovym kolem mezi koly 1 a 3 neni v modelu
volny prostor. Doslo by ke kolizi s pfesouvaci spojkou.

Kontrola navrhu primeéru hiidele

M M 16-M
z-t:_t: t3 Sz-dov = d=3 t [mm]
W, ~=-d 7T,
16
Pevnostni kontrola pro hiidel s ozubenymi koly
2-M
F, = LIN
0 d [ ]
Radialni slozky sil v ozubeni
F=FK 'tg(at) [N]
Axialni slozky sil v ozubeni
F.=FK 'tg( t) [N]
pruhyb
kola ¢elni y=0,01-m
(m = modul) kuZelova, $nekova y=0,005-m
nosnik vSeobecné y =0,0003- L
(L = vzdalenost mezi lozisky) obrabéci stroje y =0,0002- L

Tab. 5-5 Dovolené hodnoty prihybu podle doporudeni softwaru MITCalc

Na ptani zadéavajici firmy jsem z divodu dosazeni vyssi tuhosti hiidell provedla tGpravy.
Nasledujici postup navrhu a kontroly jednotlivych souhmoti je uveden pouze pro upravené
reSeni.

28



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad.rok 2013/14
Katedra konstruovani strojt Bc. Lenka Karlova

6. Navrh a kontrola jednotlivych souhmoti s vyuzitim programu
KI1SSsoft

6.1. Soukoli

Pivodni navrh kuzelového soukoli Klingelnberg jsem délala pomoci programu Inventor
Professional 2013, ktery nezohlednuje zakfiveny tvar zubil. Za pomoci softwaru KISSsoft
jsem z duvodu zadirani u soukoli zménila pocet zubti z 24 na 32 a Sitku b z 95 mm na 82 mm.
Zmény Celnich soukoli oproti pivodnimu navrhu vyplynuly ze zadavatelem pozadované vyssi
tuhosti hfideli pfi nutnosti zachovani osovych vzdalenosti. Soukoli 1,2 jsem upravila
Z ptevodu 64/17 na 71/23, soukoli 3,4 z pfevodu 42/41 na 58/57. Ostatni soukoli zistala beze
zmény. Vystupy z vypocti jednotlivych soukoli jsou uvedeny v piiloze.

Ozubena kola budou vyrobena z materialu 18CrNiMo7-6, coz je stiedné legovana uslech-
tila chrom-nikl-molybdenova ocel k cementovani. Tento material je vhodny pro velmi nama-
hané strojni soucésti s cementovanym povrchem. Cementovand vrstva po tepelném zpracova-
ni dosahuje na povrchu tvrdosti 62 az 64 HRC, zatimco jadro cementované soucasti je i pfi
relativné vysoké pevnosti znaéné houzevnaté. Piisada molybdenu zvySuje prokalitelnost; ocel
prokaluje do hloubky pfiblizné 60 mm. Je vhodna pro dynamicky namahané soucasti.

6.2. Hridele

V navrhu hiidele 0 (zajisténi kolmé polohy vstupniho a vystupniho hiidele) jsem uvazova-
la dvé mozna uloZeni; se dvéma kuzelikovymi lozisky SKF 30228 J2 a SKF 32028 X, nebo
s dvouradym soudeckovym loziskem SKF*23030 CC/W33 a parovym kuzelikovym loziskem
v provedeni Cely k sobé SKF 32030 X/DF. Obrys pro piipadné modifikovani velikosti
z hlediska dimenzovani na pevnost (nastaveno redukované napéti 100 MPa) se na obrazcich
zobrazuje jako zelena ¢ara, pro dimenzovani z hlediska ohybu (nastaven prtthyb 0,1 mm) jako
Cara v barvé magenta (purpurova).

M)
e

<< o
<L [val
Obr. 6-1 Varianta uloZeni Hi'idele 0
se dvéma kuzZelikovymi loZisky na soudeckovém a parovém kuzelikovém loZisku

U hlediska montaze bude lepsi ulozeni varianta s pouzitim soudeckového a parového ku-
zelikového loziska.
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Htidel I jsem pocitala také ve dvou variantach. Prvni varianta pro pievodovku typu C
uvazuje pievisly konec htidele pro pfipojeni motoru z boku skiin€. Je ulozen ve dvou dvoura-
dych soudeckovych loziskach SKF*22322E.

z

A-A

A-A,

Obr. 6-2 Varianta H¥idele I pro rovnobézné uspoi-adani hiideld

Druhé varianta Hiidele I je pro typ pfevodovky KC (vstupni a vystupni hiidel k sobé
kolmé). Levé lozisko je dvoufadé soudeckové SKF*22322E. Na hiideli pfibylo kuzelové kolo
a to si vynutilo pouziti parového kuzelikového loziska Koyo 46T 30322 JR/93 (v provedeni
zady k sob¢)

7

A-R

A-R

Obr. 6-3 Varianta Hiidele I pro kolmé uspoiadani hiidela
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Pti konzultaci po prvnim névrhu pozadoval zadavatel z davodu piipadnych modifikaci
ozubeni vétsi tuhost Hridele II tak, aby koeficient Kyg u pastorku dosahoval hodnoty
v rozsahu 1,1 — 1,3. Vypoctovy model se stavem po zménach obsahuje pastorek (5), vétsi ko-
lo (2) uloZené na dvou vnitinich kuli¢kovych loziskach SKF 61836, mensi kolo (4) ulozené
na dvou kulickovych loziskach SKF 61832. Samotny hiidel je uloZzen na dvou soudeckovych
loziskach SKF*24132 CC/W33. Spojka je zjednodusena na dva spojovaci elementy. Zjedno-
duseny vypocétovy model je na Obr. 6-4.

Obr. 6-4 Hridel 11

Htidel III nese kolo (6) a pastorek (7). Je ulozen na dvou kuzelikovych loziskach SKF*22244
CC/W33.

= m 9] (]
- D v )
z
e ceeed)
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B 0= ]
- o i i
= m o o

Obr. 6-5 Hridel I11
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Htidel IV jsem také z diivodu vétsi tuhosti upravila. Nové ma vétsi prumér, coz se nepro-
jevi na kole, ale na uloZeni a drazkovani na koncich htidele. Hiidel je ulozen na dvou kuzeli-
kovych loziskach SKF*23268 CA/W33

Z <t

o

X

Obr. 6-6 Hridel IV

Pfi vypoctech jsem nejprve uvazovala zatéZzovaci stavy (i reverzni). Pak jsem urcila prvni
Ctyfi vlastni frekvence souhmoti hiidell, které jsem pozdéji pouZzila pfi posouzeni mozného
ovlivnéni vlastni frekvence skiin€. Vysledky vypoctl jsou v priloze.

6.3.Spojovaci prvky

Pero

Vypocet pera pro ptenos momentu z kola na hiidel je v ptiloze. Software KISSsoft upo-
zoriuje, ze materialové vlastnosti oceli 18CrNiMo7-6 jsou dané pouze orientaéné:
Rm = 600 MPa, R, = 425 MPa, E = 2,06.10°MPa, p = 7830 kg/m°.

Nepodafilo se mé ziskat 1épe vypovidajici hodnoty. Dodavatel (Tab. 6-1) uvadi hodnoty jen
do priméru 100 mm. Firma Poldi dodava i vétsi priméry, ale na svych strankach materialové
vlastnosti uvadi jen slovné.

. Vlastnosti oceli k cementovani podle EN10084
[Prehled viastnosti oceli 18CrNiMo7-6 —eseg

Mechanické vlastnosti Priymér mm Rp0.2 min Rm

v jadie referenéniho vzorku po kaleni a popusténi MPa MPa
prils0-200°C d=11 080 1230 - 1520
(uvedene hodnoty nejsou 11<d <25 735 080 — 1320
SDUCMI;EN 25 <d =50 640 885 - 1080
10084) 50 <d < 100 490 685 - 080

Tab. 6-1 Mechanické vlastnosti oceli udavané dodavatelem [10]
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Drazkovani
Drazkovani jsem pouzila k pfenosu to¢ivého momentu na htidel II (pfesuvna spojka) a
na koncich vystupniho hiidele. Vypocty jsou v ptiloze.

Nalisovani
Nalisovanim jsou upevnéna kola 2, 6 a 8. Vysledky vypoctl jsou pfilozeny v priloze.

/. Upravena geometrie

Na zéklad¢ pozadavku zadavatele na vétsi tuhost hiidelt z divodu modifikace ozubeni a
S vyuzitim vypocetniho programu KISSsoft jsem zménila geometrii ozubeni soukoli 1,2 a
soukoli 3.,4.

1.stupein | Otdcky | 2. stupeii otacky
= 7 m o B b Pievod a pfislus. pfislus.
£ mm] | [°] | [°] | [mm] i [mm] M, hiidele M, hiidele
[kNm] [4/min] [kNm] [4/min]
1] 23 202 6 800 -
o771 & |0 | Y ie] 39 | P s 259 -
3] 57 70 - 6 800
458 ° || B 02 | 2% : 598 786
5] 16 160 18,15 259 5,98 786
6/57] 2 | ® | Y] 3% | ¥ e 73 20,89 221
7] 16 250 63,37 73 20,89 221
gl65| © | 20| o] 4% | 765 o509 18 83,16 54

Tab. 7-1 Upravena geometrie (vyznacena tu¢né); vzajemna poloha hiideli rovnobézna

Pfevod i; se zménil z poméru 64/17 = 3,7647 na pomér 71/23 = 3,0869 a pievod i
z poméru 42/41 = 1,0244 na pomé&r 58/57 = 1,0175. Zmény se promitly v to¢ivém momentu a

otackach jednotlivych stupn.

Hridel |

1 E Hridel Il Hridel 11l Hridel IV

LER (kolo 1, 3.) (kolo 5+2, nebo 5+4) (kolo 6, 7) (kolo 8)
2 | oo | M [otatky | vikon | | M. |otatky| vikon | M. | oty | vikon | M. | otatky | vikon
8 480 [kNm] | [1/min] (kW] p [kKNm] | [1/min] Ll [kNm] [1/min] (kW] [kNm] [1/min] [kwW]
1] 120 | 6 | 800 1 182 | 259 634 727 252 179
2. [ 120 | & | -800 (=221) [ 1182 | 259 634 727 252 7.9
31720 [ 6 | 800 | 2% [ 65 | 786 | 19 1 21| 483 83| 43| 473
2 | 120 | & | 800 iz |6 | 786 21 201 B3] 543
-2 T2
& [ hodin
™~ 1 1920
5 | 480 | 42 | 800 1 12,7 | 259 444 7127 177|179
6. | 480 | 42 | -800 (=z22t) | 12.7 | 259 244 727 77| 179
7 {280 [ 42 [ 800 | V0 > 42] 786 | 3*° | a6 251 338 58] 543| O
3. | 480 | 42 | -800 (=243 [ 42| 786 146|221 58| 543

Tab. 7-2 Zmény v zatéZovacich stavech vyvolané zménou geometrie kol (typ C)

S ptidanim kuzelového soukoli (vzajemna kolma poloha vstupniho a vystupniho htidele)
jsou rozdily v to¢ivém momentu a otackach jesté o néco vetsi.
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1.stupenn | otacky | 2. stupeii otacky
o . m a | B b Pievod a prislus. prislus.
L [mm] | [°1 | [°] | [mm] i [mm] M, hiidele M, hiidele

[kNm] [1/min] [kNm] [1/min]
ki |32 82 6 800 6 800
la2] & |20 ! 58 800 58 800
1[23 202 58 800 -
2171 & || ¥ g 30 295 17,4 259 -
3 |57 70 - 58 800
2 Teg] 5 |01 1,02 295 - 55 ~86
5 16 160 17,4 259 5,8 786
6 [57] 2 |® | ¥ ug] 3 455 74,2 73 20,2 221
7 |16 250 74,2 73 20,2 221
8 165 0 |20 |5 406 765 2422 18 80 54

Tab. 7-3 Upravena geometrie (vyznacena tu¢né); vzajemna poloha hiideli kolma

Zménéna geometrie ovlivni parametry pievodovky. Bud’ budu chtit ponechat stejny mo-
tor (a tim klesne moment na vystupu), nebo budu pozadovat na vystupu stejny moment jako
u vzajemné rovnob&zné polohy vstupniho a vystupniho hiidele (a to vyvola potfebu jiného
motoru nebo pouziti motoru s regulaci vykonu). Pii volbé motoru je tieba védét také udaje
0 napajeci frekvenci. Nase pfenosova soustava pracuje s kmitoctem sité 50 Hz, ale v zamofi,
odkud ziejmé bude koncovy zakaznik vzhledem k ur€eni pfevodovky, vyuzivaji kmitocet

60 Hz.

T, 0 Hridel O Hridel | Hridel Il Hridel 11l Hidel IV
MR (kolo K1) (kolo 1, 3. K2) (kolo 5+2, nebo 5+4) (kolo 6, 7) (kolo 8)
Bé T1 hodin | M, | Otagky [ vykon | M. | Otaéky | Vykon stupen M. | Otaéky | Vykon | M. | Otaéky | Vykon M. Otacky | Vykon
2| 480 | kNmp | ptming | wg ) nmg | piming | ewg PEN T knmy | [min] | owg | (kmy | (rvming | ew] | m) | puming | pwg
1. 120 6 800 58 800 1 174 | 2592 742 728 2422 17,9
2| 120 6 | -800 58 | -800 (=2221) [ 17,4 | 2502 742 728 2422 119
31 120 | 6 [ 800 |°%/ [ 58 [ 800 |22 5 [ 556 7862 | %2202 [ 2207|032 [ 7a8 | 5a3|*°*!
4 120 6 | -800 58 | -800 (i==423) | 56 | 7862 202 | 2207 798 | 543
&£ | T2 hodin
2 1920
5| 480 42 | 800 4 800 1 12,2 | 2592 515 | 728 1695 | 17,9
6.| 480 | 42 | 800 4 | 800 (i=22iz1) [ 12,2 | -259,2 515 72,8 1695 | 17,9
7| 480 |42 [ 800 |92 800 || 4 | 7862 331 [ 14 | 2207|4559 | 5a3| 10
8. 480 -42 1 -800 -4 -800 (i=z4iz3) | -4 | -7862 -14 | -220.7 550 | 543

Tab. 7-4 ZatéZovaci stavy pri uziti stejného motoru na vstupu (poloha hiideli kolma)

f_20 Hfidel 0 Hridel | Hiidel Il Hridel Ill Hridel IV

Tz &0 (kolo K1) (kolo 1, 3. K2) (kolo 5+2, nebo 5+4) (kolo B, 7) (kolo 8)
382 T1 hodin | M. | Otacky | vykon | M. | Otacky | Vykon stuper M. | Otatky | Vykon M, Otacky | Vykon M, Otacky [ vykon
= 480 fnm) | prming | e | penmy | puming | pewg | 5™MPE" | enmy | pming | pewy | nimg | puming | pewg | esmy | piming | e
1| 120 76 | 800 73 [ 800 1 222 [ 2592 774 728 308 179
2 120 | -7.6 | -800 7.3 | 800 (i=z2iz1) [ 222 | 2592 774 1238 308 170
3| 120 | 76 [ 800 | ®° [72 800 |®"*° 2 [ 73 [786.2]%""* [ 2551 2207 **° o1 5] 543]°""°
4| 120 | 76| 800 7.3 | 800 (=z43) | 73 | 786,22 255 | 2207 1015] 543
=2 | T2 hodin
21 1920
5 | 480 53 | 800 51 | 800 1 155 | 2592 5415 728 2156 | 17,9
6 480 | 5.3 | 800 51| 800 (i=22z1) [ 155 | 2502 5415] 7128 2156 | 179
71 480 [ 52 [ 800 | * [51 ] 800 |*2°°[ > 51 7862 *?' [17.85] 2207 *'%° [7a 07| s43] %43
8. | 480 | 53| 800 51 | 800 (i=z4i3) | 51 7862 17,85 | 2207 7107 | 543

Tab. 7-5 ZatéZovaci stavy p¥i poZzadavku stejného momentu na vystupu

Sledované parametry

Prvni navrh

Stejny motor

Stejny vystupni moment

Prevod i 54,485 / 14,825 44,676 / 14,727 44,676 / 14,727
Moment Mt [Nm] 6.000 6.000 7.600
Vstupni otacky ny[min™] 800 800 800
Vystupni otacky | n,[min™] 14,68 /53,96 17,91/54,32 17,91/54,32
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Tab. 7-6 Porovnani ¢tyf sledovanych parametri
Na piikladu tfifdzového asynchronniho motoru nakritko je patrné, jak kmitocet ovlivni
vykon, jmenovité otacky a moment.

Obr. 7-1 Vzhled motoru

Bc. Lenka Karlova

Ttifazovy asynchronni motor nakratko je uren k pohonu primyslovych zafizeni, napf.
ventilatori, Cerpadel, obrabécich stroju, list apod. Lze je pouzivat pro prostiedi mirného kli-
matu, ve zvlaStnich provedenich i v jinych klimatickych podminkach. K Sir§imu priamyslo-
vému vyuZziti a roz$ifeni aplikacnich moZnosti v elektrickych pohonech pracovnich stroji a
zatizeni jsou fady asynchronnich motort s kotvou nakratko odvozeny modifikované fady a
specialni provedeni motord.

Technické parametry motoru

Velikost 160 - 450 Kostra Seda litina

Rozsah vykonti 4 —900 kW Pro teplotu okoli -20°C az +40°C
Pocet poli 2,4,6,8 Ttida izolace F

Tvar IM B3, IM B5. IM B35 Pro nadmot. vysku | Do 1000 m
Frekvence 50/ 60 Hz Pro trvalé zatizeni | S1

Kryti IP 55 Standardni natér RAL 7030

Jmen. napéti nad 3kW | 400VD/690VY, 50Hz//460VD

6 - polové, otacky 1000 min™ 400V /50 Hz

Velikost Jmenovity Jmenovité | U&innost Uginnik Jmenovity |Jmenovity | Pomérny Pomérny Pomérny = Moment |Hmotnost
vykon pfi otaéky pri pfi proud pfi | moment | zabérny zabérny moment setrvac-
50/ 60 Hz 50/ 60 Hz 50 Hz 400V/50Hz proud moment zvratu nosti
typ KW min-1 % cosP A Nm la/ Iy Tal Ty T/ T kquz kg
ACM 400 LC-6 500/600 994/1193 96,1 | 0,86 871 4804 5,72 1,86 2,19 7.57 3866
ACM 400 LD-6 560/672 994/1193 96,1 0,86 977 5380 5,88 1,95 2,22 8,26 4140
ACM 4. A- [0] 994/1193 96.0 0,86 874 4785 599 1.61 2.34 493 3886
ACM 450 MB-6 560/672 994/1193 96,1 | 0,86 978 5355 5,89 1,64 2,32 54,1 4203
ACM 450 LA-6 630/756 994/1193 96,1 0,86 1097 6025 599 1,65 230 60,6 4620
ACM 450 LB-6 710/852 994/1193 95,9 0,86 1235 6790 6,13 1,71 2,33 67,9 5080
ACM 450 LC-6 800/960 995/1194 96,5 0,87 1381 7680 547 1,562 2,06 67,9 5080

Tab. 7-7 Vliv kmito¢tu sité na potiebnou velikost motoru [8]
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8. Porovnani prevodovky typu C, typu KC se stejnym motorem a
typu KC se stejnym vystupnim momentem

Kazda z provedenych kinematickych zmén ma vliv na zménu vykonu.
V Grafu 1 jsou zndzornéné hodnoty vykonu na jednotlivych htidelich. Pievodovka ma dva
prevodové stupné. Barevné sloupce ilustruji rozdily mezi pivodni pievodovkou typu C a
dvéma pohledy na ptevodovku typu KC.

Vyznam barev v grafu

Postupné z leva je pouzita barva u kazdého hiidele nejprve pro 1. pievodovy stupeni mod-
ra pro prevodovku KC s pozadavkem stejného momentu na vystupu, ¢ervena pro pievodovku
KC s ponechanym stejnym motorem, zelena je prvni navrh pro pievodovku typu C.

Nasleduji hodnoty pro druhy stupeii. Zluta pro prevodovku typu KC s pozadavkem na za-
chovani stejného momentu jako u typu C, fialové jsou hodnoty pro ptipad stejného motoru
na vstupu a hnéda barva znézoriiuje vykon prevodovky typu C.

U hiidele 0 zeleny a hnédy sloupec chybi. Je to proto, ze v pifevodovce typu C hiidel 0
neni.

- ; L
Porovnani vykonu [kW]
700,00
600.00 - l1.’stupen— stejny moment na
vystupu
500,00 - m1. stupen - stejny motor
400,00 - 1. stupen pivodné
=
=
300,00 - 2. stupefi - stejny moment na
wystupu
200,00 ~ W2, stupen stejny motor
100,00 - v o v
2. stupen pivodné
0,00 -
Hridel0  Hridell  Hridelll Hridelll Hridel IV

Graf 1 Porovnani vykonu na jednotlivych hiidelich pro riizna ieSeni pievodovky

Celkove vidime nejvétsi rozdily vykonu u 1. prevodového stupné (s vétsi redukei otacek)
mezi pozadavkem na stejny motor a pozadavkem na stejny vystupni moment. Na poklesu
vykonu se podili vlozeni kuzelového soukoli asi Ctyfmi procenty a zména geometrie vyvolana
pozadavkem vétsi tuhosti asi dvaceti péti procenty. Kdybychom tedy chtéli, vzhledem
k pouziti prevodovky pro navijak lan, zachovat stejny vystupni moment, jako ma pavodni
rovnobézné usporadani hiideld, vedlo by to pravdépodobné k potiebé jiného motoru.
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V nasledujicim grafu jsou stejna data jako v grafu 1 vykreslena jako spojity pokles vyko-
nu pavodniho feSeni prevodovky typu C a poklesy pievodovky typu KC. Pro lepsi nazornost
je uveden jen prvni pievodovy stupeni a barvy jsou stejné jako v grafu 1. Zeleny graf zacina
opét az u hiidele |, protoze ptuvodni ptevodovka typu C hiidel 0 nema.

Vykon pfi raznych variantach prevodovky
700,00
600,00 L—__—_é
500.00 . stuper - stt,ajngf

ﬁ momentna vystupu

100,00 1. stuper - stejny
=< 300,00 motor
200,00 s . stupen pivodné
100,00
0,00

Hridel 0 Hridell Hridel Il Hridel IHFidel 1YY

Graf 2 Pokles vykonu pro 1. pfevodovy stupeii v zavislosti na typu pievodovky

Pti porovnani z hlediska momentt, je z grafu 3 vidét zfetelny pokles momentu na vy-
stupnim hiideli IV pfi stejném motoru na vstupu oproti pozadavku na stejny vystupni mo-
ment. Zeleny a oranZovy sloupec u Hiidele 0 nejsou; pievodovka typu C Hiidel 0 neobsahuje.

Porovnani momentu [KNm]

350
W 1. stupen - stejny moment
300 navystupu
250 B 1. stupeii - stejny motor
g 200 1. stupei - ptivodné
= 150

2. stupen - stejny moment
100 . navystupu
B 2. stupen - stejny motor

0 - 2. stuperi - pivodné

Hridel O Hridel I Hridel Il Hridel Il Hridel IV

Graf 3 Todivé momenty v zavislosti na typu prevodovky

Prevodovka typu KC ma, pti zachovani stejného motoru na vstupu jako u pievodovky ty-
pu C, niz8i vystupni to¢ivy moment. Vlozeni kuzelového soukoli se podili na poklesu cca 4%,
vlivem upravené kinematiky ¢elnich ozubeni jde o pokles o dalSich cca 25%.
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9. Modely soukoli ve 3D

3D modely jsem ziskala pomoci softwaru Inventor Professional 2013. Jsou modelovany
pro nejméné piiznivy zatézovaci stav, tj. respektovani stejného momentu na vystupu pro pie-
vodovku typu C a KC. Inventor neumoziuje vypocet ani modelovani kuzelového soukoli
Klingelnberg, proto jsem pievzala model kuzelového soukoli ve formatu *.step z KISSsoftu.

Na nésledujicim obrazku modelu kuzelového soukoli je vstupni hiidel v kolmé poloze
ke zbylym hiidelim, kuZelové soukoli Klingelnberg s ptevodem 1:1, pastorky 1 a 3.

Obr. 9-1 3D model kuzelového soukoli Klingelnberg;
na Hrideli 0 dvé kuZelikova loZiska

240
2200

807
~—
L

@10
20
2%0
|
|
|
|
|
H
@100

346

Obr. 9-2 KuZelové soukoli
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Ustavovani kuZzelovych kol do zabéru bude snazsi, kdyz bude kuzelovy pastorek ulozen
pomoci soudeckového a parového kuzelikového loziska, jak je tomu na Obr. 9-3. Je to ale
naro¢néjsi z pohledu potiebného prostoru. Celkové rozmeéry skiini s riiznym uloZenim hiidell
jsou srovnany v této praci pozdéji.

Obr. 9-3 3D model soukoli Klingelnberg — jiné uloZeni;
na H¥ideli 0 je soudeckové a parové kuzelikové lozisko

242

j{ @250
|
|
ﬂ
|

@100

2150
2280

3N

4817

Obr. 9-4 Kuzelové soukoli se soudeckovym a parovym kuzZelikovym loziskem
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Na Obr. 9-5 je hiidel I s kuzelovym kolem pro pievodovku typu KC. Soucasti hiidele je
pastorek 1. Na htidel je také nasazeno kolo 3. Na htideli II jsou kola 2 a 4 a piesouvaci spoj-
ka. Na kolech 2 a 4 jsou pfiSroubovany ¢elni ozubené objimky s pfimymi zuby, které stiidavé,
podle zafazeného ptevodového stupné, jSOU a nejsou v zabéru s ozubenim spojky.

\\_\L\})\‘J\l\‘”’
Iy
T

820

Obr. 9-6 Osova vzdalenost soukoli 1,2 a 3,4
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Soukoli 5,6 je pro oba pifevodové stupné spole¢né a jeho model je na Obr. 9-7.
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Obr. 9-8 Osova vzdalenost soukoli 5,6
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Poslednim pifevodem pievodovky je soukoli 7,8 na Obr. 9-9. Vystupni hiidel, na kterém
je nasazeno kolo 8, pfesahuje soumérné obrysy skiing€. Jeho oba konce jsou opatieny drazko-
vanim.

Obr. 9-9 3D model vystupniho h¥idele a soukoli 7,8

1298
758

165,00

Obr. 9-10 Osova vzdalenost soukoli 7,8
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9.1. Pavodni reSeni

Na Obr. 9-11 je ptivodni navrh pfevodovky v univerzalni skiini pted Gipravami. Nahote je
typ C. Otvor pro kolmy vstupni htidel je zakryty vickem. Na dolnim obrazku je otvor vyuzity
pro vstupni hiidel pohangjici kuzelové soukoli.

Obr. 9-11 3D model pivodniho navrhu univerzalni sk¥iné

Na 3D modelu bez vika je na dolnim obrazku oproti hornimu navic kuzelové soukoli a
kolmy vstupni hiidel.

Obr. 9-12 Pivodni navrh univerzalni sk¥iné bez vika
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Na Obr. 9-13. je pohled do délici roviny ptevodovky typu C a ptevodovky typu KC.

Obr. 9-13 Pohled do délici roviny obou typi pievodovky pfi ptiivodnim navrhu

Tento navrh nesplnil ptani zadavatele ohledné tuhosti htideli.
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9.2. Pfevodovka upravena dle poZadavki na tuhost

Po pozadovaném zvétSeni tuhosti prvniho a ¢tvrtého hiidele a zméné velikosti lozisek
jsem upravila rozméry skiing€. Na Obr. 9-14 je 3D model upravené prevodovky, na Obr. 9-15
je pohled do délici roviny této upravené prevodovky. Oproti pivodnimu navrhu jsou i jina
¢elni soukoli 1,2; 3,4 a kuzelové soukoli.

Obr. 9-14 Pohled na 3D model upravené pievodovky typu KC

Obr. 9-15 Pohled do délici roviny upravené pievodovky typu KC
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9.3.Upravena prevodovka s jinym uloZenim vstupniho hiidele

Naésledujici navrh vychazi z tuhostné zesileného (upraveného) navrhu, ale uloZeni vstup-
niho hiidele je s ohledem na snazsi montaz feseno soudeckovym loziskem spolu s parovym
kuzelikovym loZiskem. Uvedena varianta je z hlediska ulozeni nejlepsi, ale nedodrzuje obry-
sové rozméry skiin€ uvedené zadavatelem.

Obr. 9-16 Pohled na 3D model upravené prevodovky typu KC — jiné uloZeni vstupniho h¥idele

Obr. 9-17 Pohled do délici roviny. Do skiiné umisténa pfevodovka typu KC

Obr. 9-18 Pohled do délici roviny. Do ski'iné umisténa pievodovka typu C
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9.4.Porovnani pudorysu jednotlivych reSeni

- Puavodni navrh
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- Navrh po upraveni tuhosti hiideli
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- Navrh po upraveni tuhosti hiideld a po zméné ulozeni vstupniho htidele

Sl TH HITe ST TH I H * W3
+ I Py
8 8l ———— +4—--- T S R - S R —
| | I
M | =
SR TH AT (W le 1L gl

165 435 293 o213

2947

Obr. 9-19 Rozméry jednotlivych navrhi

Reseni, které vyhovuje tuhostné a bude u n&j snadngji probihat montaZ kuzelového sou-
koli, ma ze vSech variant nejvétsi obrysové rozmeéry.
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9.5.Pohled do délici roviny variant prevodovky typu C

- Puavodni navrh

- Navrh po upraveni tuhosti hiideld

- Navrh po upraveni tuhosti hidel @ po zméné ulozeni vstupniho htidele pro typ KC

Obr. 9-20 Pohled do délici roviny modelu pfevodovky typu C jednotlivych navrhi

Na pohledech po upraveni tuhosti hiideld jsem zesilené hiidele I a IV barevné odlisila od
ptvodniho feseni.
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9.6.Pohled do délici roviny variant prevodovky typu KC

- Puavodni navrh

- Navrh po upraveni tuhosti hideld a zméné poctu zubli kuzelového soukoli

- Navrh po upraveni tuhosti hiidele a uloZeni vstupniho htidele u typu KC

Obr. 9-21 Pohled do délici roviny pievodovky typu KC jednotlivych navrhi

KuZelové soukoli je v kazdém névrhu jiné. V plivodnim ma 24 zubi. V dalSich ndvrzich
je shodné po 32 zubech, ale vstupni hiidel je rozdilny.
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10. Pevnostni, deformac¢ni a modalni analyza skiiné prevodovky

10.1. Pevnostni a deformacni analyza skiiné

Piiprava pro spusténi vypoctu v softwaru Inventor Professional 2013 spocivala v pouziti
vany a vika skiiné. Otvory pro hfidele jsem osadila vicky. Podle udaji o reakcich v loziskach
Z vypoctu KISSsoftem jsem umistila ptislusné sily do modelu. Ptidala jsem plisobeni gravita-
ce a model zasit'ovala (Obr. 10-1).

Obr. 10-1 Pi#iprava modelu pro pevnostni a deformaéni analyzu

Vysledky pevnostni analyzy

Typ: Mapét VYon Mises

Jednotka: MPa

3.5.2014, 0:06:06
174, 2 Max.

139,4

104 5 | Napét[ an Mises : 58,2 MPa

69,7

34,9

0 Min,

Nap&tl Van Mises : 73 MPa

Obr. 10-2 Napéti Von Mises
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Vysledky deformacni analyzy

Typ: Posunut

Jednotka: mm

3.5.2014, 0:17:29
0,7059 Max.

| Posunuti : 0,3748 mm

| Posunutf : 0,2689 mm

0,5647

0,4236

0,2824

0,1412

0 Min.

Obr. 10-3 Vysledky deforma¢ni analyzy skiiné

Napéti Von Mises deformacéni analyza jsou dva nejcastéji vyuzivané. Celd zprava
z analyzy je uvedena v pfiloze. Materidlové hodnoty pouzité pfi vypoctu jsou: mez kluzu
Re = 207 MPa, mez pevnosti Ry = 345 MPa, modul pruznosti E = 2,2.10° MPa odpovidaji
oceli obvyklych jakosti vhodné ke svatovani ttidy 11.

Névrh skiiné pevnostné vyhovuje s bezpeénosti proti mezi kluzu cca 2,8. Cervené vy-
kreslena maxima jsou na hranach vicka vystupniho htidele a vykazuji hodnotu 174,2 MPa.
Je to zpusobeno odstranénim zaobleni hran v ramci zjednoduseni geometrie pro vypoctovy
model. Hrany se tak staly koncentratorem napéti. Ve skutecnosti tam $picky napéti nebudou.

Vysledky deformacni analyzy jsou ovlivnény zjednoduSenim modelu pro vypocet. Skiin
navic jesté vyztuzi dily, které nebyly soucésti feseni této DP, ale ve skutec¢nosti budou k pte-
vodovce pfipojeny (napf. hydromotor pro pohon ptesouvaci spojky a kryty pfipojeni koncti
vystupniho htidele k navijaku lana). Velikosti posunuti jsou vyhovujici.
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10.2. Modalni analyza pievodovky

V ramci piipravy pro provedeni modalni analyzy jsem nahradila modely jednotlivych
vnitinich komponent pfevodovky jinymi, velmi zjednodusenymi. Odstranila jsem mala zaob-
leni a zkoseni, ozubeni jsem nahradila valci se stejnymi priméry, jako jsou praméry roztec-
nych kruznic. Srouby spojujici viko a vanu skiiné jsem odstranila. V modelu neni rovnéz po-
¢itano s olejovou ndplni ptfevodovky.

Obr. 10-4 Nahrada modeli komponent

Poté jsem provedla zasit'ovani modelu podobné jako pro piedchozi vypocet.

Obr. 10-5 3D model s nahradami komponent a jeho zasit’ovani
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Vysledky modalni analyzy
- [Z ] Modaini frekvence

—[w] 2 F1 107,59 Hz

F2 192,15Hz
F3 228,12 Hz
F4 313,55 Hz
F5 313,70 Hz
Fo 383,78 Hz
F7 405,60 Hz
F& 427,44 Hz

Obr. 10-6 Prvni vlastni tvar kmitu

Resenim modalni analyzy jsem ziskala informace o vlastnich frekvencich pievodovky
(Obr. 10-6), které jsem dale vyuzila pro srovnani s vlastnimi frekvencemi hiidelt a se zubo-
vymi frekvencemi. Soucasti vysledkt jsou i kratké animace vlastnich tvari kmitd. Celkova
zprava z analyzy je zafazena do pfilohy. Zde jsem vybrala pro ilustraci znazornéni prvniho a
sedmého vlastniho tvaru kmitu.

Obr. 10-7 Sedmy vlastni tvar kmitu
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10.3. Porovnani frekvenci

Porovnani frekvenci délame z toho divodu, abychom ptedesli nepfiznivym staviim rezo-
nance. Stav, kdy se budici frekvence pfili§ blizi vlastni frekvenci ma za nasledek enormni rust
pusobicich sil a mize vést k poskozeni soucasti nebo celého zatizeni.

Vlastni frekvence Hiidele 0 s dvouradym soudeckovym loziskem SKF*23030 CC/W33 a
parovym kuzelikovym loZiskem v provedeni ¢ely k sobé SKF 32030 X/DF.

¢. [Hz] Kritické otacky [min-1]

1. 0,00 0,00 Rigid body station Y ,Shaft 1¢
2. 415,19 24911,17 Bending YZ ,Shaft 2

3. 1391,19 83471,29 Bending YZ ,Shaft 1*

4, 1934,02 116041,00 Axial ,Shaft 1“

Vlastni frekvence Hridele 0 se dvéma kuzelikovymi lozisky SKF 30228 J2 a SKF 32028 X

c. [Hz] Kritické otacky [min-1]

1. 0,00 0,00 Rigid body station Y ,Shaft 2“
2. 214,13 12847,99 Bending YZ ,Shaft 2

3. 1204,77 72286,11 Bending XY ,Shaft 2“

4, 1422,86 85371,72 Torsion ,Shaft 2“

Vlastni frekvence Hridele I pro ptevodovku typu C

c. [Hz] Kritické otacky [min-1]

1. 0,00 0,00 Rigid body station Y ,Shaft 1*

2. 527,87 31671,69 Bending XY ,Shaft 1%, Bending YZ ,Shaft 1“
3. 905,66 54339,78 Bending XY ,Shaft 1%, Bending YZ ,Shaft 1“
4, 1604,65 96279,28 Torsion ,Shaft 1“

Vlastni frekvence Hridele I pro ptevodovku typu KC

c. [Hz] Kritické otacky [min-1]

1. 0,00 0,00 Rigid body station Y ,Shaft 1“

2. 579,37 34762,39 Bending YZ ,Shaft 1%, Bending XY ,Shaft 1*
3. 1291,11 77466,59 Torsion ,Shaft 1*

4. 1458,67 87520,42 Axial ,Shaft 1“

Vlastni frekvence Hiidele 11

c. [Hz] Kritické otacky [min-1]

1. 0,00 0,00 Rigid body station Y ,Shaft*

2. 0,01 0,61 Rigid body station Y ,Shaft 3 (zastupce kola 4)
3. 409,71 2458257 Bending YZ ,Shaft, Bending XY ,Shaft*

4. 852,31 51138,56 Bending XY ,Shaft*

Vlastni frekvence Hiidele 111

c. [Hz] Kritické otacky [min-1]

1. 0,00 1,99 Rigid body station Y ,Shaft I
2. 111,79 6707,13 Axial ,Shaft I1I*

3. 514,75 30884,89 Bending XY ,Shaft III*

4. 651,13 39067,58 Bending YZ ,Shaft llI

Vlasti frekvence Hiidele IV

c. [Hz] Kritické otacky [min-1]

1. 0,00 0,00 Rigid body station Y ,Shaft 1“
2. 767,64 46058,48 Bending YZ ,Shaft 1*

3. 838,98 50339,05 Bending XY ,Shaft 1*

4. 1124,13 67448,08 Axial ,Shaft 1“
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Z vlastnich frekvenci jsem pro dal$i porovnani vybrala jen ty, které by bylo v provozu re-
aln¢ mozné dosahnout. Maximalni otacky jsou 800 ot/min. Vlastni frekvence dosazené
pii vyssich otaCkach jsem do porovnani nezahrnula.

Zubové frekvence vznikani naraZzenim bokd zubu pii zabéru s protikolem. Zubové frek-
vence jsem spocitala ze vztahu

z-n
f,=—— [Hz].
=2 g
Zubové frekvence [Hz]
Soukoli | K1, K2 1,2 3,4 56 7,8
l.stupen | 426,67 | 306,67 - 67,41 18,92
2.stupen | 426,67 - 760 209,65 57,40

Tab. 10-1 Hodnoty zubovych frekvenci v Hz

Vlastni frekvence prevodovky [HZ]

1 2 3 4 5 6 7 8

107,53 192,13 228,1 313,77 318,77 383,72 405,60 427,56

Tab. 10-2 Hodnoty vlastnich frekvenci pi‘evodovky

Graf 4 ukazuje, které hiidele by se mohly podilet na buzeni skiin¢. K zubovym frekven-
cim zde neptihlizim.

Porovnani vlastnich frekvenci
jednotlivych hiidelt a sk¥finé
2500,00
2000,00
MW Hridel O
% 1500,00 = Hiidel 1
2
o m HFidel 2
< 1000,00
= m Hfidel 3
500,00 - MW Hridel 4
H H H H O SkFin
0,00 -
1. 2. 3. 4, 5. 6. 7. 8.
vlastni tvary kmitu

Graf 4 Porovnani vlastnich frekvenci skfiné s vlastnimi frekvencemi hiideld
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Graf 5 zahrnuje frekvence skiing, hiidelti a zubové frekvence. Pasmo, kde se vyskytuji
vlastni frekvence skiing, je vyznaceno dvéma vodorovnymi linkami. Hodnoty vlastni frek-
vence pii jednotlivych tvarech kmitu jsou vyznaceny ¢ervenym sloupcem. Hodnoty hiidela
jsou nizké a v grafu se projevili jen jako linka u vodorovné osy. Zubové frekvence pfi 1. pie-

vodovém stupni jsou vyznaceny razove, zubové frekvence vznikajici pii druhém pifevodovém
stupni jsou znazornény zlutym sloupcem.

x r r'd
Porovnani frekvenci
200 760,00 759,99 ki
4 " N Hfidele
1 Zubové frekvence |.st
700 ZuE{jvé frekvence 1l.st
Skfifi-min.
Skfif -max.
600 Linearni (Hridele)
— w wm w Linearni {Skrif-min.)
£ we aw w Linedrni (SkFif -max.)
Q
2 42667 427,56  Skiifi -max.; 427,56
E 200 ane
7]
IJL- 306,67 313,77 318,77
300 — ~ -
pasma vyskytu
223'1209 65 vlastnich frekvenci
192,1 .
200
. 107,53 Skfif-min.; 107,53
oo I - - -
0 0
0 A

Graf 5 Porovnani vlastnich frekvenci ski'iné, hiideli a zubovych frekvenci

Zubové frekvence a vlastni frekvence skiing jsou rozdilné. Pro piesnéjsi posouzeni by by-
lo tfeba uvazovat se v§emi Castmi ptevodovky.
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Be. Lenka Karlova

Ukolem diplomové prace bylo navrhnout ptevodovky, které se lisi polohou vstupni a vy-
stupni osy (rovnobézné htidele a kolmé htidele). Dalsi pozadavek byl na co nejvétsi pocet
spole¢nych dild, tj. aby se pifevodovky lisily jen na vstupni ¢asti a vlastni t€leso skiiné se lisi-

lo jen v detailech.

Ze zadanych parametra jsem navrhla prvni varianty ¢elni a kuzelové prevodovky. Po né-
sledné konzultaci se zadavatelem vznikl pozadavek na zvyseni tuhosti hiidelti na vstupu i vy-

stupu pievodovky.

Finalni navrh je patrny z kapitoly 9 (¢ast 9.2 a 9.3). Prevodovku typu KC jsem navrhla
ve dvou variantach uloZeni vstupniho hiidele. Hlavni parametry jednotlivych variant jsou
uvedeny v Tab. 11-1.

Sledované parametry Prvni navrh Stejny motor Stejny vystupni moment
Pfevod i 54,485 / 14,825 44,676 /14,727 44,676 /14,727
Moment Mt [Nm] 6.000 6.000 7.600
Vstupni otacky n, [min™] 800 800 800
Vystupni otacky n, [min™] 14,68 / 53,96 17,91/54,32 17,91/54,32

Tab. 11-1 Sledované parametry pro FeSené moZnosti

Po navrzeni feSeni jsem zjistila kompletni vlastnosti pievodové skiiné (pevnost a tuhost)
a provedla jsem analyzu pifevodovky metodou MKP a vysledky porovnala.
Vysledné navrzené pievodovky jsou ve formé 3D uvedené v diplomové praci. Pro ilustraci

jsou v piiloze vykresy ve 2D. V pfiloze jsou také vysledky vypocta.

Navrh konstrukéniho feSeni splfiuje zadané parametry a pozadavky na zvySenou tuhost.
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KISSsoft evaluation
File

Name : Kuzelova_kola_32z_b82
Changed by: karlova am: 02.05.2014 um: 12:00:51

Important hint: At least one warning has occurred during the calculation:
1-> Calculation of the profile shift coefficient for

balanced sliding is inaccurate!

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

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

Strength calculation with load spectrum
Required service life (h): 2400.00

Load spectrum

Nominal Power [P] 502.6548 kW
Application factor [KA] 1.00
Load spectrum : Own Input

Number of element in the Load spectrum: 2
Reference gear: 1

i [%] kW] [1/min] INm] KV  KHb Kgam YM1 YM2 Oil°
1 20.00000 502.6548 800.0000 6000.0000 1.0703 1.8750 1.0000 1.0000 1.0000 70
2 80.00000 351.8584 800.0000 4200.0000 1.0888 1.8750 1.0000 1.0000 1.0000 70

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- 1SO 6336, part 6

During the calculation al the load-coefficients (ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 3.01 3.01
Safety flank: 2.31 2.31
Safety scuffing (Integral) 3.26

(Safety against scuffing/micropitting/EHT is indicated for the weakest element of the load spectrum.)
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ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method

Geometry calculation according ISO 23509:2006, method 3

Uniform depth, fig 3 (Klingelnberg)
Manufacture process:
Spiral toothing

Face hobbing (continuing indexing method)

grinded/hard toothed

KISSsoFT

Cakulabon programs for meching derign

Bevel gear Klingelnberg Cyclo-Palloid KN3028/KN3030 V1.2

------- GEAR 1 GEAR 2
Power (kW) [P] 502.65
Speed (1/min) [n] 800.0 800.0
Rotation direction, wheel 1, viewed on cone tip: right
Torque (Nm) [T] 6000.0 6000.0
Gear driving (+) / driven (-) + -
Application factor [KA] 1.00
Required service life [H] 2400.00
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] 7.7676
Pressure angle at normal section (°) [alfn] 20.0000
Mean spiral angle (°) [betm] 30.0000
Hand of gear right left
Number of teeth [z] 32 32
Facewidth (mm) [b] 82.00 82.00
Assumed and measured contact pattern width (mm) [be] 69.70 69.70
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] 121.770 121.770
Pitch apex to back of gear blank (mm) [yo] 188.945 188.945
H misalignment (P misalignment) (um) [DeltaH] 0.000
G misalignment (um) [DeltaG] 0.000
V misalignment (E misalignment) (um) [DeltaV] 0.000
Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened

ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened

ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Surface hardness HRC 61 HRC 61
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?2) [sigHIlim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1200.00 1200.00
Yield point (N/mm?) [Rp] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
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Calculation pregrams for maching dasign
Tool or reference profile of gear 1:
Reference profile 1.25/0.30/ 1.0 Cyclo-Palloid
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.300
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Tool or reference profile of gear 2:
Reference profile 1.25/0.30/ 1.0 Cyclo-Palloid
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.300
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (in module) [hfP*] 1.250 1.250
Root radius reference profile (in module) [rofP*] 0.300 0.300
Addendum reference profile (in module) [haP*] 1.000 1.000
Protuberance height coefficient (in module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (in module) [hFaP*] 0.000 0.000
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 oil injection lubrication
Type of ol Oil: ISO-VG 220
Lubricant base Mineral-oil base
Kinem. viscosity  oilat 40 °C (mm?s) [nu40] 220.00
Kinem. viscosity  oil at 100 °C (mm?/s) [nu100] 17.50
FZG test A/8.3/90 ( ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [roQil] 0.895
Oil temperature (°C) [TS] 70.000

------- GEAR 1 GEAR 2
Overall transmission ratio [itot] -1.000
Gear ratio [u] 1.000
Outer spiral angle (°) [bete] 40.4264 40.4264
Mean spiral angle (°) [betm] 30.0000 30.0000
Inner spiral angle (°) [beti] 18.8265 18.8265
Pinion offset angle in axial plane (°) [zetm] 0.0000
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Pinion offset angle in pitch plane (°) [zetmp] 0.0000
Offset in pitch plane (mm) [ap] 0.000
Outer normal module (mm) [men] 8.2071
Outer transverse module (mm) [met] 10.7813 10.7813
Mean normal module (mm) [mmn] 7.7676
Mean transverse module (mm) [mmt] 8.9693 8.9693
Inner normal module (mm) [min] 6.7744
Inner transverse module (mm) [mit] 7.1573 7.1573
Sum of profile shift coefficients [xhm1+xhm2] 0.0000
Profile shift coefficient [xhm] 0.0000 0.0000
Undercut boundary [xGrenz] -1.5859
Profile shift coef. for balanced sliding [xGleit] 0.0828
Tooth thickness modification coefficient [xsmn] 0.0000 -0.0000
Outer pitch diameter (mm) [de] 345.000 345.000
Outer tip diameter (mm) [dae] 355.985 355.985
Outer root diameter (mm) [dfe] 331.269 331.269
Mean pitch diameter (mm) [dm] 287.017 287.017
Mean tip diameter (mm) [dam] 298.002 298.002
Mean root diameter (mm) [dfm] 273.286 273.286
Inner pitch diameter (mm) [di] 229.034 229.034
Inner tip diameter (mm) [dai] 240.020 240.020
Inner root diameter (mm) [dfi] 215.303 215.303
Addendum (mm) [hae] 7.768 7.768
(mm) [ham] 7.768 7.768
(mm) [hai] 7.768 7.768
Dedendum (mm) [hfe] 9.710 9.710
(mm) [hfm] 9.710 9.710
(mm) [hfi] 9.710 9.710
Tooth height (mm) [he] 17.477 17.477
(mm) [hm] 17.477 17.477
(mm) [hi] 17.477 17.477
Working depth (mm) [whe] 15.535
(mm) [whm] 15.535
(mm) [whi] 15.535
Tip clearance (mm) [ce] 1.942 1.942
(mm) [cm] 1.942 1.942
(mm) [ci] 1.942 1.942
Outer cone distance (mm) [Re] 243.952 243.952
Mean cone distance (mm) [Rm] 202.952 202.952
Inner cone distance (mm) [Ri] 161.952 161.952
Pitch angle (°) [delta] 45.0000 45.0000
Face angle (°) [dela] 45.0000 45.0000
Addendum angle (°) [thea=dela-delta] 0.0000 0.0000
Root angle (°) [delf] 45.0000 45.0000
Dedendum angle (°) [thef=delta-delf] 0.0000 0.0000
Distance along axis to crossing point (mm) [txo] 167.007 167.007
(mm) [txi] 109.025 109.025
Distance apex to crossing point (mm) [tz] 0.000 -0.000
(mm) [tzF] 10.985 10.985
(mm) [tzR] -13.731 -13.731
Distance in axial direction to the cone tip (mm) [ye] 172.500 172.500
(mm) [yae] 167.007 167.007
(mm) [yai] 109.025 109.025
Theoretical tip clearance (mm) [c] 1.942 1.942
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Calculation pregrams for maching dasign
Effective tip clearance (mm) [c.efi] 1.942/ 1.942 1.942/ 1.942
According to Klingelnberg instruction for bevel gears:
Transverse contact ratio [epsa] 1.404
Overlap ratio [epsb] 1.671
***x* Virtual spur gear toothing ******
Pressure angle at normal section (°) [alfnv] 20.0000
Pressure angle at pitch circle (°) [alftv] 22.7959
Base helix angle (°) [betbv] 28.0243
Virtual centre distance (mm) [av] 405.904
Working transverse pressure angle (°) [alfwtv] 22.7959
Number of teeth [zv] 45.255 45.255
Gear ratio [uv] 1.000
Theoretical tip clearance (mm) [c] 1.942 1.942
Effective tip clearance (mm) [c.efi] 1.942/ 1.942 1.942/ 1.942
Reference diameter (mm) [dv] 405.904 405.904
Base diameter (mm) [dbv] 374.199 374.199
Tip diameter (mm) [dav] 421.439 421.439
Tip form diameter (mm) [dFav] 421.439 421.439
Operating pitch diameter (mm) [dwv] 405.904 405.904
Root diameter (mm) [dfv] 386.485 386.485
Active root diameter (mm) [dNfv] 393.172 393.172
Root form diameter (mm) [dFfv] 391.489 391.489
Virtual gear no. of teeth [znv] 67.060 67.060
Maximum sliding speed at tip (m/s) [vgal 2.168 2.168
Pitch on reference circle (mm) [ptv] 28.178
Base pitch (mm) [pbtv] 25.977
Transverse pitch on contact-path (mm) [petv] 25.977
Length of path of contact (mm) [gav] 36.604
Virtual cylindrical gear (ISO 10300:2001, Annex A):
Referenced to facewidth [bveff] 82.000
Transverse contact ratio [epsva] 1.409
Overlap ratio [epsvb] 1.680
Total contact ratio [epsvg] 2.193
(DIN 3991: epsva = 1.409, epsvb = 1.428, epsvg = 2.837)
Characteristic values for sizing [Re2/b2] 2975

[b2/mmn] 10.557
2. FACTORS OF GENERAL INFLUENCE

------- GEAR 1 ---—--- GEAR 2 -------
Nominal circum. force at pitch circle (N) [Fmt] 41809.3 41809.3
Drive side

Axial force (N) [Fa] 29493.5 -4643.7
Radial force (N) [Fr] -4643.7 29493.5
Normal force (N) [Fnorm] 51375.6 51375.6
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] -4643.7 29493.5
Radial force (N) [Fr] 29493.5 -4643.7
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Normal force (N) [Fnorm] 51375.6 51375.6
Axial force (%) [Fa/Ft] -11.107 70.543
Radial force (%) [Fr/Ft] 70.543 -11.107
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 599.85
Circumferential speed pitch d.. (m/sec) [v] 12.02 12.02
Singular tooth stiffness (N/mm*um) [c 14.00
Meshing stiffness (N/mm*pm) [cal 20.00
Single pitch deviation (um) [fp] 16.00 16.00
Running-in value y.a (um) [ya] 1.20
Reduced mass (kg/mm) [mRed] 0.143
Resonance speed (min-1) [nE1] 3524
Under critical range - resonance ratio [N] 0.227
Dynamic factor [KV] 1.07
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] 1.01

- Tooth root [KFa] 1.01

- Scuffing [KBa] 1.01
Helical load factor scuffing [Kbg] 1.27
Number of load cycles (in mio.) [NL] 115.200 115.200
3. TOOTH ROOT STRENGTH

------- GEAR 1 GEAR 2

Calculation of Tooth form coefficients according method: C
(Calculate tooth shape coefficient YF with addendum mod. x)
Manufacture process: hobbing
Tooth form factor [YF] 2.28 2.28
Stress correction factor [YS] 1.84 1.84
Bending lever arm (mm) [hF] 15.05 15.05
Working angle (grd) [alfh] 23.49 23.49
Tooth thickness at root (mm) [sFn] 17.31 17.31
Tooth root radius (mm) [roF] 3.19 3.19
(hF* = 1.938/1.938 sFn*= 2.229/2.229 roF* = 0.411/0.411)
Contact ratio factor [Yeps] 0.66
Helical load factor [Ybet] 0.75
Effective facewidth (mm) [b] 69.70 69.70
Bevel gear factor (root) [YK] 1.000
Nominal stress at tooth root (N/mm?) [sigFO0] 161.94 161.94
Tooth root stress (N/mm?) [sigF] 328.87 328.87
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 1.002 1.002
Surface factor [YRrelT] 1.015 1.015
Size coefficient (Tooth root) [YX] 0.972 0.972
Finite life factor [YNT] 1.000 1.000
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[YdrelT*YRrelT*YX*YNT]
Alternating bending coefficient [YM]
Stress correction factor [Yst]
Yst*sigFlim (N/mm?) [sigFE]
Permissible tooth root stress (N/mm?) [sigFP=sigF G/SFmin]
Limit strength tooth root (N/mm?) [sigFG]
Required safety [SFmin]
4. SAFETY AGAINST PITTING (TOOTH FLANK)
------- GEAR 1
Zone factor [ZH]
Elasticity coefficient (N.5/mm) [ZE]
Contact ratio factor [Zeps]
Helix angle factor [Zbet]
Bevel gear factor (flank) [ZK]
Nominal flank pressure (N/mm?) [sigHO]
Effective flank pressure (N/mm?) [sigH]
Lubrication coefficient at NL [ZL]
(calculation with lubricant temperature 70°C)
Speed coefficient at NL [ZV]
Roughness coefficient at NL [ZR]
Material pairing coefficient at NL [ZW]
Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]
Small amount of pitting permissible (0=no, 1=yes)
Size coefficient (flank) [ZX]
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin]
Limit strength pitting (N/mm?) [sigHG]
Safety for surface pressure at operating pitch circle [SHw]
Single tooth contact factor [ZB/ZD]
Flank pressure (N/mm?) [sigHB/D]
5. STRENGTH AGAINST SCUFFING
Calculation method according to Klingelnberg
Lubrication coefficient (for lubrication type) [XS]
Relative structure coefficient (Scuffing) [XWrelT]
Thermal contact factor (N/mm/s*.5/K) [BM]
Relevant tip relief (um) [Ca]
Optimal tip relief (um) [Ceff]
Ca taken as optimal in the calculation (0=no, 1=yes)
Effective facewidth (mm) [beff]
Applicable circumferential force/facewidth (N/mm)
[wBt]
Pressure angle factor (eps1:
0.705, eps2: 0.705) [Xalfbet]
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint [theflaint]
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0.989 0.989
1.000 1.000
2.00
1000.00 1000.00
706.32 706.32
988.84 988.84
1.40 1.40
-------- GEAR 2 -—--—---
2.22
189.81
0.842
0.931
0.850
483.45
688.93
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
0 0
1.000 1.000
1500.00 1500.00
1500.00 1500.00
218 218
1.00 1.00
688.93 688.93
1.200
1.000
13.780 13.780
2.00 2.00
25.49
0 0
69.700
1545.961
0.992
84.58
17.36
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Calculation pregrams for maching dasign
Integral scuffing temperature (°C) [theSint] 360.78
Flash factor (°K*N*-.75*s*.5*"m”-.5*mm) [XM] 50.058
Contact ratio factor [Xeps] 0.306
Dynamic viscosity (mPa*s) [etaOil] 41.90 ( 70.0 °C)
Averaged coefficient of friction [mym] 0.036
Geometry factor [XBE] 0.168
Meshing factor [XQl 1.000
Tip relief factor [XCa] 1.008
Integral tooth flank temperature (°C) [theint] 110.62
6. ALLOWANCES FOR TOOTH THICKNESS
------- GEAR 1 ---—--- GEAR 2 -------
Tooth thickness deviation No backlash No backlash
Tooth thickness allowance (normal section) (mm) [As.eli] 0.000/ 0.000 0.000/ 0.000
Circumferential backlash (mm) [imt] -0.000/ -0.000
(mm) [iet] -0.000/ -0.000
Normal backlash (mm) [imn] -0.000/ -0.000
(mm) [ien] -0.000/ -0.000
7. GEAR ACCURACY
------- GEAR 1 ---—---- GEAR 2 --
According to DIN 3965:1986:
Accuracy grade [Q-DIN3965] 6 6
Total cumulative pitch deviation (um) [Fp] 59.00 59.00
Concentricity deviation (um) [Fr] 45.00 45.00
Tangential tooth-to-tooth composite deviation (um)
[fi"] 27.00 27.00
Total tangential composite deviation (um) [Fi 66.00 66.00
According to Klingelnberg:
Single pitch deviation (um) [fp] 16.00 16.00
8. MANUFACTURING ACCORDING KLINGELNBERG-PLANT STANDARD KN 3028
Machine type AMKG635
Maximal machining distance (mm) [MdGrenz] 280.0000
Machine distance (mm) [Md] 206.4939
Cutter radius (mm) [R, rc0] 170.00
Number of cutter blade groups [z0] 5.00
Cutter blade module (mm) [mO0] 7.00
Cutter edge radius (module) (module) [roa0*] 0.333 0.333
Angle modification (°) [thek] 0.0000 -0.0000
Reference diameter (mm) [de] 345.00 345.00
Tooth no of plane gear [ZP] 45.2548
Base circle radius (mm) [ro] 185.9492
Outer spiral angle (°) [bete] 40.4264
Helix angle at tooth middle (°) [betm] 30.0000
Inner spiral angle (°) [beti] 18.8265
Outer normal module (mm) [men] 8.2071
Outer transverse module (mm) [met] 10.7813
Inner normal module (mm) [min] 6.7744
Inner transverse module (mm) [mit] 7.1573
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Undercut limit (mm) [Rv] 139.5807

Spacewidth at tooth root at RY2 (mm) [efny] 5.84 5.84

Spacewidth at tooth root at RE2 (mm) [efne] 5.82 5.82

Spacewidth at tooth root at RI2 (mm) [efni] 3.57 3.57

Head width of universal cutter (mm) [sa0] 2.41

Profile shift at inner diameter [xi] 0.0000

Tooth tip height (mm) [ha] 7.768 7.768

Tooth height (mm) [H] 17.477 17.477

Tooth tip thickness Middle (mm) [sanm] 6.146 6.146

Tooth tip thickness inside (mm) [sani] 4.354 4.354

Tip relief coefficient inside [k] 0.000 0.000

Width of Tip relief (mm) [bK] 0.000 0.000

Tip reduction cone angle (°) [delak] 45.0000 0.0000

Virtual gear no. of teeth [zn] 67.060 67.060

Transverse contact ratio [epsa] 1.404

Overlap ratio [epsb] 1.671

Dimensions according to Klingelnberg: (mm) [dae] 355.985 355.985
(mm) [dai] 240.020 240.020
(mm) [(dai)k] 240.020 240.020
(mm) [LH] 172.500 172.500
(mm) [LA] 57.983 57.983
(mm) [LAK] 57.983 57.983
(mm) [LW] 109.025 109.025
(mm) [LWK] 109.025 109.025

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :

Data not available.

10. ADDITIONAL DATA

Input data for calculating the gear measurements according to I1ISO 23509:2006

Data of type 1 (according to table 3, 1ISO 23509:2006):

xhm1= 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

Calculation according to

Wech

Coefficient of friction [mum] 0.031

Compound velocity (m/s) [vSigm] 13.974

Loss factor [HV] 0.080

Power loss from gear load (kW) [PVZ] 1.237

Meshing efficiency (%) [etaz] 99.754

Wech-Data: VR =0.745 VS =1.000 VZ =0.931

XL =1.000 Kgm =0.000 (0.200)

ronC= 4454 mm ( 16.00 mm) Fn*Cos(betb2)/b2 = 553.07 N/mm

etaOil(Qil) = 41.90 mPa*s VSigm = 13.97 m/s

Weight - calculated with da (kg) [Mass] 32.065 32.065
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Right flank (Gear 1): Drive flank, Left flank (Gear 1): Coast flankRotate independently to the left: Drive flank, Rotate independently to the
right: Coast flankRotation angle to make flank contact: 0.0000° (Right flank), 0.0000° (Left flank)Rotation steps for flank alignment: 0.0000
(Right flank), 0.0000 (Left flank)(Calculated values assuming the center of pinion tooth is positioned at the center of gear tooth space without
axial adjustments.)The contact can be controlled with the contact lines. Pinion and gear are to be meshing well, both should be produced
based on the 3D-model.Mounting distance (Gear 1, Gear 2): 188.9454 mm, 188.9454 mmThis is the distance in axial direction from the pitch
apex to the back of the gear blank.

Figure: Tooth system

End of Report lines: 509
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KISSsoft Release 03/2013

KISSsoft evaluation

File

Name : Soukoli_1_2_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:56:03
CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Strength calculation with load spectrum
Required service life (h): 2400.00
Load spectrum
Nominal Power [P] 502.6548 kW
Application factor [KA] 1.00
Load spectrum : Own Input
Number of element in the Load spectrum: 2
Reference gear: 1

i [%] [kW] [1/min] [Nm] KV KHb Kgam YM1 YM2 Oil°

1 20.00000 502.6548 800.0000 6000.0000 1.0173 1.1582 1.0000 1.0000 1.0000 70
2 80.00000 351.8584 800.0000 4200.0000 1.0216 1.2251 1.0000 1.0000 1.0000 70

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- 1SO 6336, part 6

During the calculation al the load-coefficients (ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 2.73 2.40
Safety flank: 1.62 1.74
Safety scuffing (Integral) 3.00
Safety scuffing (Flash) 1.90

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

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B
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------- GEAR 1 ---—--- GEAR 2 --
Power (kW) [P] 502.655
Speed (1/min) [n] 800.0 259.2
Torque (Nm) [T] 6000.0 18521.7
Application factor [KA] 1.00
Required service life [H] 2400.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
DIN 3960:1987)
------- GEAR 1 ---—--- GEAR 2 --
Center distance (mm) [a] 295.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 14.0000
Number of teeth [z] 23 71
Facewidth (mm) [b] 202.00 118.00
Hand of gear right left
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
------- GEAR 1 ---—-- GEAR 2 --
Surface hardness HRC 61 HRC 61
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1200.00 1200.00
Yield point (N/mm?) [Rp] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1:
Reference profile (Own input) 1.25/0.25/1.0 1ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000

2/9

not topping



KISSsoFT

Calculation pregrams for maching dasign
Tool or reference profile of gear 2:
Reference profile (Own input) 1.25/0.25/1.0 1ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (in module) [hfP*] 1.250 1.250
Root radius reference profile (in module) [rofP*] 0.250 0.250
Addendum reference profile (in module) [haP*] 1.000 1.000
Protuberance height coefficient (in module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (in module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)
Tip relief (um) [Ca] 2.0 2.0
Lubrication type oil bath lubrication
Type of ol Oil: ISO-VG 220
Lubricant base Mineral-oil base
Kinem. viscosity  oilat 40 °C (mm?s) [nu40] 220.00
Kinem. viscosity  oil at 100 °C (mm?/s) [nu100] 17.50
FZG test A/8.3/90 ( ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [roQil] 0.895
Oil temperature (°C) [TS] 70.000
------- GEAR 1 ---—--- GEAR 2 --
Overall transmission ratio [itot] -3.087
Gear ratio [u] 3.087
Transverse module (mm) [mt] 6.184
Pressure angle at pitch circle (°) [alft] 20.562
Working transverse pressure angle (°) [alfwi] 22.715
[alfwt.efi] 22727/  22.703
Working pressure angle at normal section (°) [alfwn] 22.089
Helix angle at operating pitch circle (°) [betaw] 14.202
Base helix angle (°) [betab] 13.140
Reference centre distance (mm) [ad] 290.633
Sum of profile shift coefficients [Summexi] 0.7649
Profile shift coefficient [x] 0.0000 0.7649
Tooth thickness (Arc) (module) (module) [sn*] 1.5708 2.1276
Tip alteration (mm) [k*mn] -0.222 -0.222
Reference diameter (mm) [d] 142.225 439.041
Base diameter (mm) [db] 133.164 411.072
Tip diameter (mm) [da] 153.781 459.776
(mm) [da.efi] 153.781/ 153.771 459.776 / 459.766
Tip diameter allowances (mm) [Ada.efi] 0.000/ -0.010 0.000/ -0.010
Tip form diameter (mm) [dFa] 153.781 459.776
(mm) [dFa.efi] 153.781/ 153.771 459.776 / 459.766
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Active tip diameter (mm) [dNa.efi] 153.781/ 153.771 459.776/ 459.766
Operating pitch diameter (mm) [dw] 144.362 445.638
(mm) [dw.efi] 144.374 ] 144.349 445.678/ 445.599
Root diameter (mm) [df] 127.225 433.220
Generating Profile shift coefficient [XE.eli] -0.0218/  -0.0332 0.7351/ 0.7214
Manufactured root diameter with xE (mm) [df.e/i] 126.964 / 126.826 432.863/ 432.698
Theoretical tip clearance (mm) [c] 1.500 1.500
Effective tip clearance (mm) [c.eli] 1.792/ 1.652 1.730/ 1.604
Active root diameter (mm) [dNf] 134.951 437.900
(mm) [dNf.efi] 134.976/ 134.929 437.953/ 437.853
Root form diameter (mm) [dFf] 133.784 435.315
(mm) [dFf.efi] 133.715/ 133.680 434.981/ 434.828
Reserve (dNf-dFf)/2 (mm) [cF.eli] 0.648 / 0.607 1.563 / 1.436
Addendum (mm) [ha=mn*(haP*+x)] 5.778 10.367
(mm) [ha.efi] 5778/ 5.773 10.367/  10.362
Dedendum (mm) [hf=mn*(hfP*-x)] 7.500 2911
(mm) [hf.efi] 7.631/ 7.699 3.089/ 3.172
Roll angle at dFa (°) [xsi_dFa.eli] 33.093/  33.085 28.705/  28.702
Roll angle to dNa (°) [xsi_dNa.efi] 33.093/  33.085 28.705/  28.702
Roll angle to dNf (°) [xsi_dNf.efi] 9.484 / 9.359 21.057/  21.016
Roll angle at dFf (°) [xsi_dFf.e/i] 5.215/ 5.047 19.824/  19.758
Tooth height (mm) [H] 13.278 13.278
Virtual gear no. of teeth [zn] 24.996 77.161
Normal tooth thickness at tip cyl. (mm) [san] 4.562 4.296
(mm) [san.eli] 4.465/ 4.406 4.165/ 4.098
Normal spacewidth at root cylinder (mm) [efn] 0.000 4.019
(mm) [efn.efi] 0.000/ 0.000 4.029/ 4.034
Max. sliding velocity at tip (m/s) [vga] 1.174 1.878
Specific sliding at the tip [zetaa] 0.364 0.672
Specific sliding at the root [zetaf] -2.048 -0.573
Sliding factor on tip [Kga] 0.194 0.311
Sliding factor on root [Kgf] -0.311 -0.194
Pitch on reference circle (mm) [pt] 19.427
Base pitch (mm) [pbt] 18.189
Transverse pitch on contact-path (mm) [pet] 18.189
Lead height (mm) [pZ] 1792.065 5532.027
Axial pitch (mm) [px] 77.916
Length of path of contact (mm) [ga, efi] 27514 ( 27.582/ 27.426)
Length T1-A, T2-A (mm) [T1A, T2A] 10.943( 10.875/ 11.021) 102.973( 102.973/ 102.962)
Length T1-B (mm) [T1B, T2B] 20.268( 20.268/ 20.258) 93.647( 93.580/ 93.725)
Length T1-C (mm) [T1C, T2C] 27.873( 27.856/ 27.889) 86.043( 85.992/ 86.093)
Length T1-D (mm) [T1D, T2D] 29.132( 29.064/ 29.210) 84.784( 84.784/ 84.773)
Length T1-E (mm) [T1E, T2E] 38.457( 38.457/ 38.447) 75.458( 75.391/ 75.536)
Length T1-T2 (mm) [T1T2] 113.915 ( 113.848/ 113.983)
Diameter of single contact point B (mm) [d-B] 139.197( 139.197/ 139.191) 451.730( 451.674/ 451.794)
Diameter of single contact point D (mm) [d-D] 145.352( 145.298/ 145.415) 444.672( 444.672/ 444.664)
Addendum contact ratio [eps] 0.582( 0.583/ 0.580) 0.931( 0.934/ 0.927)
Minimal length of contact line (mm) [Lmin] 164.366
Transverse contact ratio [eps_a] 1.513
Transverse contact ratio with allowances [eps_a.e/m/i] 1516/ 1.512/ 1.508
Overlap ratio [eps_b] 1.514
Total contact ratio [eps_d] 3.027
Total contact ratio with allowances [eps_g.e/m/i] 3.031/ 3.027/ 3.022

2. FACTORS OF GENERAL INFLUENCE
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Calculation pregrams for maching dasign
------- GEAR 1 ---—--- GEAR 2 --
Nominal circum. force at pitch circle (N) [Ft] 84373.5
Axial force (N) [Fa] 21036.7
Radial force (N) [Fr] 31649.6
Normal force (N) [Fnorm] 92537.2
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 715.03
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 83124.5
Axial force (N) [Faw] 21036.7
Radial force (N) [Frw] 34798.0
Circumferential speed pitch d.. (m/sec) [v] 5.96
Running-in value (um) [yp] 0.8
Running-in value (um) [yf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c 14.019
Meshing stiffness (N/mm/pm) [cal 19.410
Reduced mass (kg/mm) [mRed] 0.06180
Resonance speed (min-1) [nE1] 7358
Resonance ratio (-) [N] 0.109
Subcritical range
Running-in value (um) [ya] 0.8
Bearing distance | of pinion shaft (mm) [1 404.000
Distance s of pinion shaft (mm) [s] 40.400
Outside diameter of pinion shaft (mm) [dsh] 129.300
Load according to Figure 6.8, DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according to Figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 11.86
from deformation of shaft (um) [fsh*B1] 16.59
Tooth trace: with end relief
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 7.70
Tooth trace deviation, theoretical (um) [Fbx] 13.95
Running-in value (um) [yb] 2.09
Dynamic factor [KV] 1.017
Face load factor - flank [KHb] 1.158
- Tooth root [KFb] 1.139
- Scuffing [KBb] 1.158
Transverse load factor - flank [KHa] 1.000
- Tooth root [KFa] 1.000
- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.285
Number of load cycles (in mio.) [NL] 115.200 37.318
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3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)

------- GEAR 1 ---—--- GEAR 2 --
Tooth form factor [YF] 1.59 1.13
Stress correction factor [YS] 1.96 2.92
Working angle (°) [alfFen] 19.07 22.63
Bending lever arm (mm) [hF] 6.38 6.50
Tooth thickness at root (mm) [sFn] 12.03 14.25
Tooth root radius (mm) [roF] 2.89 1.55

(hF* = 1.063/1.083 sFn*= 2.006/2.376 roF* = 0.481/0.259 dsFn = 129.17/434.67 alfsFn = 30.00/ 30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.883
Effective facewidth (mm) [beff] 130.00 118.00
Nominal stress at tooth root (N/mm?) [sigFO0] 297.99 347.03
Tooth root stress (N/mm?) [sigF] 345.32 402.15
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 0.996 1.017
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.943 0.963
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm?) [sigFE] 1000.00 1000.00
Permissible tooth root stress (N/mm?) [sigFP=sigF G/SFmin] 673.81 688.12
Limit strength tooth root (N/mm?) [sigFG] 943.33 963.37
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 2.73 2.40
Transmittable power (kW) [kWRating] 980.81 860.09
4. SAFETY AGAINST PITTING (TOOTH FLANK)
------- GEAR 1 ---—--- GEAR 2 --
Zone factor [ZH] 2.304
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.813
Helix angle factor [Zbet] 0.985
Effective facewidth (mm) [beff] 118.00
Nominal flank pressure (N/mm?) [sigHO] 903.52
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 980.74
Single tooth contact factor [ZB,ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 980.74 980.74
Lubrication coefficient at NL [ZL] 1.020 1.019
Speed coefficient at NL [ZV] 0.986 0.987
Roughness coefficient at NL [ZR] 0.991 0.992
Material pairing coefficient at NL [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.022
[ZL*ZV*ZR*ZNT] 0.997 1.020
Small amount of pitting permissible (0O=no, 1=yes) 0 0
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Size coefficient (flank) [ZX] 1.000
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin]  1495.97
Limit strength pitting (N/mm?) [sigHG] 1495.97

Safety for surface pressure at operating pitch circle

[SHw] 1.53
Required safety [SHmiIn] 1.00
Transmittable power (kW) [kWRating] 1169.52
4b. MICROPITTING ACCORDING TO 1ISO TR 15144-1:2010

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type) [XS]

Relative structure coefficient (Scuffing) [XWrelT]

Thermal contact factor (N/mm/s*.5/K) [BM] 13.780
Relevant tip relief (um) [Ca] 2.00
Optimal tip relief (um) [Ceff]

Ca taken as optimal in the calculation (0=no, 1=yes) 0
Effective facewidth (mm) [beff]

Applicable circumferential force/facewidth (N/mm)
[wBt]
Pressure angle factor (eps1:
0.582, eps2: 0.931) [Xalfbet]

Flash temperature-criteria

Tooth mass temperature (°C) [theM-B]
theM-B = theoil + XS*0.47*theflamax [theflamax]
Scuffing temperature (°C) [theS]
Coordinate gamma (point of highest temp.) [Gamma]
[Gamma.A]=-0.607 [Gamma.E]=0.380
Highest contact temp. (°C) [theB]
Flash factor (°K*N*-.75*s*.5"m"-.5"mm) [XM]
Geometry factor [XB]
Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]

Integral temperature-criteria

Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint [theflaint]
Integral scuffing temperature (°C) [theSint]
Flash factor (°K*N*-.75*s*.5*m”-.5* mm) [XM]
Contact ratio factor [Xeps]
Dynamic viscosity (mPa*s) [etaQil]
Averaged coefficient of friction [mym]
Geometry factor [XBE]
Meshing factor [XQ]

Tip relief factor [XCa]
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1.000
1529.63
1529.63

1.56
1.00
1222.74

1.000
1.000
13.780
2.00
36.84

118.000
1082.326

1.011

127.06

121.40

408.58
-0.607

248.46
50.058
0.439
0.333
7.67 (127.1°C)
0.147

91.10
30.15
408.58
50.058
0.401
41.90 ( 70.0 °C)
0.075
0.177
0.973
1.023



Integral tooth flank temperature (°C) [theint]

6. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation

Tooth thickness allowance (normal section) (mm) [As.eli]
Number of teeth spanned [k]

Base tangent length (no backlash) (mm) [WK]
Actual base tangent length (‘'span’) (mm) [Wk.eli]
Diameter of contact point (mm) [dMWk.m]
Theoretical diameter of ball/pin (mm) [DM]

Eff. Diameter of ball/pin (mm) [DMeff]
Theor. dim. centre to ball (mm) [MrK]
Actual dimension centre to ball (mm) [MrK.e/i]
Diameter of contact point (mm) [dMMr.m]

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

Actual dimension over balls (mm) [MdK.e/i]

Diametral measurement over rolls without clearance (mm)

[MdR]
Actual dimension over rolls (mm) [MdR.efi]
Chordal tooth thickness (no backlash) (mm) ['sn]
Actual chordal tooth thickness (mm) ['sn.efi]
Reference chordal height from da.m (mm) [ha]
Tooth thickness (Arc) (mm) [sn]
(mm) [sn.efi]

Backlash free center distance (mm) [aControl.efi]
Backlash free center distance, allowances (mm) [ita]l

dNf.i with aControl (mm) [dNfO.i]
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO.i]
Centre distance allowances (mm) [Aa.eli]
Circumferential backlash from Aa (mm) [itw_Aa.eli]

Radial clearance (mm) [jrw]
Circumferential backlash (transverse section) (mm)

[itw]
Torsional angle for fixed gear 1 (°)
Normal backlash (mm) [inw]
7. GEAR ACCURACY
According to DIN 3961:1978:
Accuracy grade [Q-DIN3961]
Profile form deviation (um) [ff]
Profile slope deviation (um) [fHa]
Total profile deviation (um) [Ff]
Helix form deviation (um) [ffb]
Helix slope deviation (um) [fHb]
Total helix deviation (um) [Fb]
Normal base pitch deviation (um) [fpe]
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156.534 / 156.418

157.095
156.875/ 156.759

9.419
9.324/ 9.274

5.922

9.425
9.330/ 9.280
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136.32
-—--—-GEAR 1 - GEAR 2 --
DIN 3967 cd25
-0.095/ -0.145 -0.130/ -0.190
3.000 10.000
46.388 177.913
46.299/ 46.252 177791/ 177.734
140.583 446.034
10.274 10.774
10.500 11.000
78.548 232.023
78.438/ 78.379 231.873/ 231.804
142.385 448.297
156.754 463.935

463.636/ 463.498

464.046
463.747 / 463.609

12.764

12.634/ 12.574

10.452
12.765

12.635/ 12.575

294.718 /294.580

-0.282/ -0.420
134.613 437.151
0.449 1.085
0.026/ -0.026
0.022/ -0.022
0.446/ 0.256
0.372/ 0.214
0.0971/ 0.0558
0.339/ 0.195
GEAR 1 - GEAR 2 --
6 6
10.00 10.00
7.00 7.00
13.00 13.00
14.00 12.00
11.00 11.00
18.00 16.00
9.00 10.00
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Single pitch deviation (um) [fp] 9.00 10.00
Difference between adjacent pitches (um) [fu] 11.00 12.00
Total cumulative pitch deviation (um) [Fp] 34.00 40.00
Cumulative circular pitch deviation over z/8 pitches (um)

[Fpz/8] 22.00 25.00
Concentricity deviation (um) [Fr] 25.00 28.00
Tooth Thickness Variation (um) [Rs] 15.00 16.00
Total radial composite deviation (um) [Fi"] 28.00 32.00
Radial tooth-to-tooth composite deviation (um) [fi"] 12.00 14.00
Total tangential composite deviation (um) [Fi 38.00 42.00
Tangential tooth-to-tooth composite deviation (um)

[fi"] 15.00 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality 6)
Maximum value for deviation error of axis (um) [fSigbet] 30.81 (Fb=18.00)
Maximum value for inclination error of axes (um) [fSigdel] 61.63
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 10.2 96.8
Mean coeff. of friction (acc. Niemann) [mum] 0.054
Wear sliding coef. by Niemann [zetw] 0.837
Power loss from gear load (kW) [PVZ] 3.512
(Meshing efficiency (%) [etaz] 99.301)
Weight - calculated with da (kg) [Mass] 29.377 153.400
Total weight (kg) [Mass] 182.777
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] 0.06023 3.59796
System ((da+df)/2...di) (kg*m?) [TraeghMom] 0.43779

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

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: 506
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KISSsoft Release 03/2013

KISSsoft evaluation

File

Name : P_Soukoli_3_4
Changed by: karlova am: 02.05.2014 um: 12:08:00
CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Strength calculation with load spectrum
Required service life (h): 2400.00
Load spectrum
Nominal Power [P] 502.6548 kW
Application factor [KA] 1.00
Load spectrum : Own Input
Number of element in the Load spectrum: 2
Reference gear: 1

i [%] [kW] [1/min] [Nm] KV KHb Kgam YM1 YM2 Oil°

1 20.00000 502.6548 800.0000 6000.0000 1.0806 1.0725 1.0000 1.0000 1.0000 70
2 80.00000 351.8584 800.0000 4200.0000 1.1010 1.1016 1.0000 1.0000 1.0000 70

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- 1SO 6336, part 6

During the calculation al the load-coefficients (ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 2.79 2.78
Safety flank: 212 212
Safety scuffing (Integral) 3.75
Safety scuffing (Flash) 8.30

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

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B
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------- GEAR 1 ---—--- GEAR 2 --
Power (kW) [P] 502.655
Speed (1/min) [n] 800.0 786.2
Torque (Nm) [T] 6000.0 6105.3
Application factor [KA] 1.00
Required service life [H] 2400.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
DIN 3960:1987)
------- GEAR 1 ---—--- GEAR 2 --
Center distance (mm) [a] 295.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 5.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 13.0000
Number of teeth [z] 57 58
Facewidth (mm) [b] 70.00 70.00
Hand of gear left right
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
------- GEAR 1 ---—-- GEAR 2 --
Surface hardness HRC 61 HRC 61
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1200.00 1200.00
Yield point (N/mm?) [Rp] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1:
Reference profile 1.25/0.25/1.0 1SO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping

2/10



Tool or reference profile of gear 2:
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Summary of reference profile gears:
Dedendum reference profile (in module)
Root radius reference profile (in module)
Addendum reference profile (in module)
Protuberance height coefficient (in module)
Protuberance angle (°)

Tip form height coefficient (in module)
Ramp angle (°)

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

Lubrication type
Type of oil
Lubricant base
Kinem. viscosity  oil at 40 °C (mm?/s)
Kinem. viscosity  oil at 100 °C (mm?/s)

FZG test A/8.3/90 ( ISO 14635-1:2006)
Specific density at 15 °C (kg/dm?)

Oil temperature (°C)

Overall transmission ratio

Gear ratio

Transverse module (mm)

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

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

Base helix angle (°)

Reference centre distance (mm)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness (Arc) (module) (module)

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

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

(mm)
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1.25/0.25/ 1.0 1ISO 53.2:1997 Profil C
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b pregmame for machina design

[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP*] 0.000
[hprP*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250 1.250
[rofP*] 0.250 0.250
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
[Ca] 2.0 2.0
oil bath lubrication
Oil: ISO-VG 220
Mineral-oil base
[nu40] 220.00
[nu100] 17.50
[FZGtestA] 12
[roQil] 0.895
[TS] 70.000
------- GEAR 1 ---—--- GEAR 2 --
[itot] -1.018
[u] 1.018
[mt] 5.132
[alft] 20.483
[alfwt] 20.450
[alfwt.efi] 20.464/  20.437
[alfwn] 19.968
[betaw] 12.997
[betab] 12.204
[ad] 295.062
[Summexi] -0.0125
[x] -0.0030 -0.0095
[sn*] 1.5686 1.5639
[k*mn] 0.000 0.000
[d] 292.497 297.628
[db] 274.004 278.811
[da] 302.467 307.533
[da.efi] 302.467 / 302.457 307.533/ 307.523
[Ada.efi] 0.000/ -0.010 0.000/ -0.010
[dFa] 302.467 307.533
[dFa.eli] 302.467 / 302.457 307.533/ 307.523
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Cal

culabon pregmame for machina deasign

Active tip diameter (mm) [dNa.efi] 302.467/ 302.457 307.533/ 307.523
Operating pitch diameter (mm) [dw] 292.435 297.565
(mm) [dw.efi] 292.461/ 292.409 297.591/ 297.539
Root diameter (mm) [df] 279.967 285.033
Generating Profile shift coefficient [XE.eli] -0.0387/  -0.0552 -0.0452/  -0.0617
Manufactured root diameter with xE (mm) [df.efi] 279.610/ 279.445 284.676 / 284.511
Theoretical tip clearance (mm) [c] 1.250 1.250
Effective tip clearance (mm) [c.eli] 1.542/ 1.403 1.542/ 1.403
Active root diameter (mm) [dNf] 284.448 289.530
(mm) [dNf.efi] 284.494/ 284.408 289.576/ 289.490
Root form diameter (mm) [dFf] 283.115 288.173
(mm) [dFf.efi] 282.860/ 282.744 287.917/ 287.800
Reserve (dNf-dFf)/2 (mm) [cF.eli] 0.875/ 0.774 0.888 / 0.787
Addendum (mm) [ha=mn*(haP*+x)] 4.985 4.953
(mm) [ha.efi] 4985/ 4.980 4.953/ 4.948
Dedendum (mm) [hf=mn*(hfP*-x)] 6.265 6.297
(mm) [hf.efi] 6.444 / 6.526 6.476 / 6.558
Roll angle at dFa (°) [xsi_dFa.eli] 26.785/  26.780 26.668/  26.664
Roll angle to dNa (°) [xsi_dNa.efi] 26.785/  26.780 26.668/  26.664
Roll angle to dNf (°) [xsi_dNf.e/i] 16.006/  15.938 16.075/  16.009
Roll angle at dFf (°) [xsi_dFf.e/i] 14.685/  14.586 14.762/  14.665
Tooth height (mm) [H] 11.250 11.250
Virtual gear  no. of teeth [zn] 61.236 62.310
Normal tooth thickness at tip cyl. (mm) [san] 3.937 3.946
(mm) [san.eli] 3.808/ 3.741 3.816/ 3.750
Normal spacewidth at root cylinder (mm) [efn] 3.976 3.970
(mm) [efn.efi] 4.023/ 4.046 4.017/ 4.039
Max. sliding velocity at tip (m/s) [vga] 2.153 2.143
Specific sliding at the tip [zetaa] 0.401 0.401
Specific sliding at the root [zetaf] -0.670 -0.670
Sliding factor on tip [Kga] 0.176 0.175
Sliding factor on root [Kgf] -0.175 -0.176
Pitch on reference circle (mm) [pt] 16.121
Base pitch (mm) [pbt] 15.102
Transverse pitch on contact-path (mm) [pet] 15.102
Lead height (mm) [pZ] 3980.217 4050.045
Axial pitch (mm) [px] 69.828
Length of path of contact (mm) [ga, efi] 25.861( 25936/  25.763)
Length T1-A, T2-A (mm) [T1A, T2A] 38.185( 38.111/ 38.272) 64.887( 64.887/ 64.875)
Length T1-B (mm) [T1B, T2B] 48.945( 48.945/ 48.933) 54.127( 54.053/ 54.213)
Length T1-C (mm) [T1C, T2C] 51.088( 51.051/ 51.125) 51.984( 51.947/ 52.022)
Length T1-D (mm) [T1D, T2D] 53.287( 53.213/ 53.374) 49.785( 49.785/ 49.773)
Length T1-E (mm) [T1E, T2E] 64.047( 64.047/ 64.035) 39.025( 38.951/ 39.111)
Length T1-T2 (mm) [T1T2] 103.072 ( 102.997/ 103.146)
Diameter of single contact point B (mm) [d-B] 290.965( 290.965/ 290.957) 299.090( 299.036/ 299.152)
Diameter of single contact point D (mm) [d-D] 294.001( 293.947/ 294.063) 296.057( 296.057/ 296.049)
Addendum contact ratio [eps] 0.858( 0.861/ 0.855) 0.854( 0.857/ 0.851)
Minimal length of contact line (mm) [Lmin] 122.518
Transverse contact ratio [eps_a] 1.712
Transverse contact ratio with allowances [eps_a.e/m/i] 1717/ 1.712/ 1.706
Overlap ratio [eps_b] 1.002
Total contact ratio [eps_d] 2.715
Total contact ratio with allowances [eps_g.e/m/i] 2720/ 2.714] 2.708

2. FACTORS OF GENERAL INFLUENCE
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Calculation pregrams for maching dasign
------- GEAR 1 ---—--- GEAR 2 --
Nominal circum. force at pitch circle (N) [Ft] 41026.1
Axial force (N) [Fa] 9471.6
Radial force (N) [Fr] 153251
Normal force (N) [Fnorm] 44807.5
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 586.09
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 41034.8
Axial force (N) [Faw] 9471.6
Radial force (N) [Frw] 15301.8
Circumferential speed pitch d.. (m/sec) [v] 12.25
Running-in value (um) [yp] 0.8
Running-in value (um) [yf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c] 14.077
Meshing stiffness (N/mm/pm) [cal 21.599
Reduced mass (kg/mm) [mRed] 0.14980
Resonance speed (min-1) [nE1] 2012
Resonance ratio (-) [N] 0.398
Subcritical range
Running-in value (um) [ya] 0.8
Bearing distance | of pinion shaft (mm) [1 140.000
Distance s of pinion shaft (mm) [s] 14.000
Outside diameter of pinion shaft (mm) [dsh] 70.000
Load according to Figure 6.8, DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according to Figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 4.25
from deformation of shaft (um) [fsh*B1] 5.49
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 5.00
Running-in value (um) [yb] 0.75
Dynamic factor [KV] 1.081
Face load factor - flank [KHb] 1.072
- Tooth root [KFb] 1.061
- Scuffing [KBb] 1.072
Transverse load factor - flank [KHa] 1.032
- Tooth root [KFa] 1.032
- Scuffing [KBa] 1.032
Helical load factor scuffing [Kbg] 1.256
Number of load cycles (in mio.) [NL] 115.200 113.214
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3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)

------- GEAR 1 ---—--- GEAR 2 --
Tooth form factor [YF] 1.17 1.18
Stress correction factor [YS] 2.37 2.37
Working angle (°) [alfFen] 19.11 19.11
Bending lever arm (mm) [hF] 4.78 4.79
Tooth thickness at root (mm) [sFn] 11.08 11.09
Tooth root radius (mm) [roF] 2.03 2.03

(hF* = 0.956/0.958 sFn*= 2.217/2.218 roF* = 0.405/0.405 dsFn = 281.48/286.55 alfsFn = 30.00/ 30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.892
Effective facewidth (mm) [beff] 70.00 70.00
Nominal stress at tooth root (N/mm?) [sigFO0] 290.96 291.17
Tooth root stress (N/mm?) [sigF] 344.20 344.44
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 1.002 1.002
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 1.000 1.000
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.959 0.959
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm?) [sigFE] 1000.00 1000.00
Permissible tooth root stress (N/mm?) [sigFP=sigFG/SFmin] 684.88 684.88
Limit strength tooth root (N/mm?) [sigFG] 958.83 958.83
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 2.79 2.78
Transmittable power (kW) [kWRating] 1000.18 999.48
4. SAFETY AGAINST PITTING (TOOTH FLANK)
------- GEAR 1 ---—--- GEAR 2 --
Zone factor [ZH] 2.444
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.764
Helix angle factor [Zbet] 0.987
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 697.51
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 762.90
Single tooth contact factor [ZB,ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 762.90 762.90
Lubrication coefficient at NL [ZL] 1.020 1.020
Speed coefficient at NL [ZV] 1.006 1.006
Roughness coefficient at NL [ZR] 0.991 0.991
Material pairing coefficient at NL [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
[ZL*ZV*ZR*ZNT] 1.017 1.017
Small amount of pitting permissible (0O=no, 1=yes) 0 0
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Size coefficient (flank)

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

Safety for surface pressure at operating pitch circle
Required safety

Transmittable power (kW)

4b. MICROPITTING ACCORDING TO

KISSsoFT

Cakulabon programs for meching derign

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

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)

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

Applicable circumferential force/facewidth (N/mm)

Pressure angle factor (eps1:
0.858, eps2: 0.854)

Flash temperature-criteria

Tooth mass temperature (°C)

theM-B = theoil + XS*0.47*theflamax

Scuffing temperature (°C)

Coordinate gamma (point of highest temp.)
[Gamma.A]=-0.253 [Gamma.E]=0.254

Highest contact temp. (°C)

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

Geometry factor

Load sharing factor

Dynamic viscosity (mPa*s)

Coefficient of friction

Integral temperature-criteria

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

Dynamic viscosity (mPa*s)
Averaged coefficient of friction
Geometry factor

Meshing factor

Tip relief factor
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[ZX] 1.000 1.000
[sigHP=sigHG/SHmin] 1525.45 1525.45

[sigHG] 1525.45 1525.45

[SHw] 2.00 2.00

[SHmin] 1.00 1.00

[kWRating] 2009.70 2009.70

1ISO TR 15144-1:2010

[XS] 1.000

[XWrelT] 1.000

[BM] 13.780 13.780

[Ca] 2.00 2.00

[Ceff] 27.13

0 0

[beff] 70.000

[wBt] 880.351

[Xalfbet] 0.979

[theM-B] 83.04

[theflamax] 27.74

[theS] 408.58

[Gamma] -0.253

[theB] 110.78

[XM] 50.058

[XB] 0.185

[XGam] 0.333

[etaM] 25.76 ( 83.0 °C)

[mym] 0.067

[theM-C] 82.37

[theflaint] 17.68

[theSint] 408.58

[XM] 50.058

[Xeps] 0.248

[etaCil] 41.90 ( 70.0 °C)

[mym] 0.058

[XBE] 0.185

[XQ] 1.000

[XCa] 1.017



Integral tooth flank temperature (°C)

6. MEASUREMENTS FOR TOOTH THICKNESS

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

Number of teeth spanned

Base tangent length (no backlash) (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)
Diameter of contact point (mm)

KISSsoFT

Cakulabon programs for meching derign

Diametral measurement over two balls without clearance (mm)

Actual dimension over balls (mm)

Diametral measurement over rolls without clearance (mm)

Actual dimension over rolls (mm)

Chordal tooth thickness (no backlash) (mm)
Actual chordal tooth thickness (mm)
Reference chordal height from da.m (mm)
Tooth thickness (Arc) (mm)

(mm)

Backlash free center distance (mm)

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

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

Centre distance allowances (mm)

Circumferential backlash from Aa (mm)

Radial clearance (mm)

Circumferential backlash (transverse section) (mm)

Torsional angle for fixed
Normal backlash (mm)

gear 1 (°)

7. GEAR ACCURACY

According to DIN 3961:1978:
Accuracy grade

Profile form deviation (um)
Profile slope deviation (um)

Total profile deviation (um)

Helix form deviation (um)

Helix slope deviation (um)

Total helix deviation (um)

Normal base pitch deviation (um)
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[theint] 108.89
-—---—- GEAR 1 -~ GEAR 2 --

DIN 3967 cd25 DIN 3967 cd25
[As.eli] -0.130/ -0.190 -0.130/ -0.190
[K] 7.000 7.000
[WK] 100.233 100.286
[Wk.efi] 100.110/ 100.054 100.164 / 100.107
[dMWk.m] 290.942 295.491
[DM] 8.436 8.431
[DMeff] 9.000 9.000
[MrK] 152.985 155.522
[MrK.efi] 152.822/ 152.747 155.359/ 155.284
[dMMr.m] 293.316 298.397
[MdK] 305.856 311.045
[MdK .efi] 305.531/ 305.381 310.719/ 310.568
[MdR] 305.969 311.045
[MdR.e/i] 305.644 / 305.493 310.719/ 310.568
['sn] 7.842 7.819
['sn.efi] 7.712/ 7.652 7.689/ 7.629
[ha] 5.032 4.999
[sn] 7.843 7.819
[sn.efi] 7.713/ 7.653 7.689/ 7.629
[aControl.e/i] 294.641 /294474
[ita] -0.359/ -0.526
[dNfO.i] 283.649 288.727
[cFO.i] 0.395 0.405
[Aa.eli] 0.026/ -0.026
[itw_Aa.efi] 0.019/ -0.019
[irw] 0.552/ 0.333
[itw] 0.409/ 0.247

0.1576 / 0.0952
[inw] 0.375/ 0.227
------- GEAR 1 ---—--- GEAR 2 --

[Q-DIN3961] 6 6
[ff] 10.00 10.00
[fHa] 7.00 7.00
[Ff] 13.00 13.00
[ffb] 8.00 8.00
[fHb] 10.00 10.00
[Fb] 13.00 13.00
[fpe] 10.00 10.00
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Single pitch deviation (um) [fp] 10.00 10.00
Difference between adjacent pitches (um) [fu] 12.00 12.00
Total cumulative pitch deviation (um) [Fp] 40.00 40.00
Cumulative circular pitch deviation over z/8 pitches (um)

[Fpz/8] 25.00 25.00
Concentricity deviation (um) [Fr] 28.00 28.00
Tooth Thickness Variation (um) [Rs] 16.00 16.00
Total radial composite deviation (um) [Fi"] 32.00 32.00
Radial tooth-to-tooth composite deviation (um) [fi"] 14.00 14.00
Total tangential composite deviation (um) [Fi 42.00 42.00
Tangential tooth-to-tooth composite deviation (um)

[fi"] 16.00 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality 6)
Maximum value for deviation error of axis (um) [fSigbet] 15.00 (Fb=15.00)
Maximum value for inclination error of axes (um) [fSigdel] 30.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 284 294
Mean coeff. of friction (acc. Niemann) [mum] 0.037
Wear sliding coef. by Niemann [zetw] 0.687
Power loss from gear load (kW) [PVZ] 1.568
(Meshing efficiency (%) [etaz] 99.688)
Weight - calculated with da (kg) [Mass] 39.383 40.713
Total weight (kg) [Mass] 80.096
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)] 0.38583 0.41341

System ((da+df)/2...di) (kg*m?) [TraeghMom] 0.78511

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :

Calculation of Gear 1
Tooth form, Gear 1, Step 1: automatic (final treatment)
haP*= 1.043, hfP*= 1.250, rofP*= 0.250

Calculation of Gear 2
Tooth form, Gear 2, Step 1: automatic (final treatment)
haP*= 1.043, hfP*= 1.250, rofP*= 0.250

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:
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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: 515
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KISSsoft Release 03/2013

KISSsoft evaluation

File

Name : P_Soukoli_5_6
Changed by: karlova am: 02.05.2014 um: 12:08:55
CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Strength calculation with load spectrum
Required service life (h): 2400.00
Load spectrum
Nominal Power [P] 502.6548 kW
Application factor [KA] 1.00
Load spectrum : Own Input
Number of element in the Load spectrum: 2
Reference gear: 2

i [%] [kW] [1/min] [Nm] KV KHb Kgam YM1 YM2 Oil°

1 20.00000 502.6548  59.6491 80470.5843 1.0074 1.0500 1.0000 1.0000 1.0000 70
2 80.00000 351.8584  59.6491 56329.4090 1.0086 1.0500 1.0000 1.0000 1.0000 70

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- 1SO 6336, part 6

During the calculation al the load-coefficients (ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 2.66 2.66
Safety flank: 1.48 1.59
Safety scuffing (Integral) 2.59
Safety scuffing (Flash) 1.70

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

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B
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Calculation pregrams for maching dasign
------- GEAR 1 ---—--- GEAR 2 --
Power (kW) [P] 502.655
Speed (1/min) [n] 212.5 59.6
Torque (Nm) [T] 22588.2 80470.6
Application factor [KA] 1.00
Required service life [H] 2400.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
DIN 3960:1987)
------- GEAR 1 ---—--- GEAR 2 --
Center distance (mm) [a] 455.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 12.0000
Pressure angle at normal section (°) [alfn] 25.0000
Helix angle at reference circle (°) [beta] 14.0000
Number of teeth [z] 16 57
Facewidth (mm) [b] 160.00 148.00
Hand of gear left right
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
------- GEAR 1 ---—-- GEAR 2 --
Surface hardness HRC 61 HRC 61
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1200.00 1200.00
Yield point (N/mm?) [Rp] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1:
Reference profile 1.25/0.25/1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
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Tool or reference profile of gear 2:
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Summary of reference profile gears:
Dedendum reference profile (in module)
Root radius reference profile (in module)
Addendum reference profile (in module)
Protuberance height coefficient (in module)
Protuberance angle (°)

Tip form height coefficient (in module)
Ramp angle (°)

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

Lubrication type
Type of oil
Lubricant base
Kinem. viscosity  oil at 40 °C (mm?/s)
Kinem. viscosity  oil at 100 °C (mm?/s)

FZG test A/8.3/90 ( ISO 14635-1:2006)
Specific density at 15 °C (kg/dm?)

Oil temperature (°C)

Overall transmission ratio

Gear ratio

Transverse module (mm)

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

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

Base helix angle (°)

Reference centre distance (mm)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness (Arc) (module) (module)

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

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

(mm)
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[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP*] 0.000
[hprP*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250 1.250
[rofP*] 0.250 0.250
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
[Ca] 2.0 2.0
oil bath lubrication
Oil: ISO-VG 220
Mineral-oil base
[nu40] 220.00
[nu100] 17.50
[FZGtestA] 12
[roQil] 0.895
[TS] 70.000
------- GEAR 1 -——----- GEAR 2 --
[itot] -3.563
[u] 3.563
[mt] 12.367
[alft] 25.668
[alfwt] 26.594
[alfwt.efi] 26.602/  26.586
[alfwn] 25.898
[betaw] 14.107
[betab] 12.665
[ad] 451.409
[Summexi] 0.3043
[x] 0.4800 -0.1757
[sn*] 2.0185 1.4070
[k*mn] -0.061 -0.061
[d] 197.878 704.940
[db] 178.351 635.375
[da] 233.276 724.602
[da.efi] 233.276 / 233.266 724602/ 724.592
[Ada.efi] 0.000/ -0.010 0.000/ -0.010
[dFa] 233.276 724.602
[dFa.eli] 233.276 / 233.266 724602/ 724.592
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Active tip diameter (mm) [dNa.e/i] 233.276/ 233.266 724602/ 724.592
Operating pitch diameter (mm) [dw] 199.452 710.548
(mm) [dw.efi] 199.466 / 199.438 710.597 / 710.499
Root diameter (mm) [df] 179.398 670.724
Generating Profile shift coefficient [XE.efi] 0.4715/ 0.4670 -0.1913/  -0.1985
Manufactured root diameter with xE (mm) [df.efi] 179.194/ 179.087 670.348/ 670177
Theoretical tip clearance (mm) [c] 3.000 3.000
Effective tip clearance (mm) [c.eli] 3.310/ 3.156 3.192/ 3.071
Active root diameter (mm) [dNf] 187.863 685.387
(mm) [dNf.efi] 187.914/ 187.819 685.445/ 685.334
Root form diameter (mm) [dFf] 185.512 677.218
(mm) [dFf.efi] 185.383/ 185.316 676.918/ 676.782
Reserve (dNf-dFf)/2 (mm) [cF.efi] 1.299/ 1.218 4.332/ 4.208
Addendum (mm) [ha=mn*(haP*+x)] 17.699 9.831
(mm) [ha.efi] 17.699/  17.694 9.831/ 9.826
Dedendum (mm) [hf=mn*(hfP*-x)] 9.240 17.108
(mm) [hf.efi] 9.342/ 9.395 17.296 / 17.382
Roll angle at dFa (°) [xsi_dFa.efi] 48.304/  48.299 31413/  31.411
Roll angle to dNa (°) [xsi_dNa.efi] 48.304/  48.299 31413/  31.411
Roll angle to dNf (°) [xsi_dNf.efi] 19.013/ 18.916 23190/  23.163
Roll angle at dFf (°) [xsi_dFf.e/i] 16.248/  16.168 21.055/  21.020
Tooth height (mm) [H] 26.939 26.939
Virtual gear no. of teeth [zn] 17.323 61.712
Normal tooth thickness at tip cyl. (mm) [san] 3.610 7.384
(mm) [san.eli] 3.508/ 3.441 7.210/ 7.123
Normal spacewidth at root cylinder (mm) [efn] 6.655 6.472
(mm) [efn.efi] 6.713/ 6.745 6.512/ 6.531
Max. sliding velocity at tip (m/s) [vga] 0.870 0.431
Specific sliding at the tip [zetaa] 0.520 0.396
Specific sliding at the root [zetaf] -0.657 -1.084
Sliding factor on tip [Kga] 0.392 0.194
Sliding factor on root [Kgf] -0.194 -0.392
Pitch on reference circle (mm) [pt] 38.853
Base pitch (mm) [pbt] 35.019
Transverse pitch on contact-path (mm) [pet] 35.019
Lead height (mm) [pZ] 2493.308 8882.410
Axial pitch (mm) [px] 155.832
Length of path of contact (mm) [ga, eli] 45670 ( 45.740/ 45.581)
Length T1-A, T2-A (mm) [T1A, T2A]  29.511( 29.441/ 29.592) 174.174( 174.174]/ 174.164)
Length T1-B (mm) [T1B, T2B] 40.162( 40.162/ 40.154) 163.523( 163.453/ 163.602)
Length T1-C (mm) [T1C, T2C] 44.643( 44.628/ 44.659) 159.042( 158.987/ 159.097)
Length T1-D (mm) [T1D, T2D] 64.530( 64.460/ 64.611) 139.155( 139.155/ 139.144)
Length T1-E (mm) [T1E, T2E] 75.181( 75.181/ 75.173) 128.504( 128.434/ 128.582)
Length T1-T2 (mm) [T1T2] 203.685 ( 203.615/ 203.756)
Diameter of single contact point B (mm) [d-B] 195.604( 195.604/ 195.597) 714.605( 714.541/ 714.677)
Diameter of single contact point D (mm) [d-D] 220.149( 220.067/ 220.244) 693.655( 693.655/ 693.647)
Addendum contact ratio [eps] 0.872( 0.872/ 0.871) 0.432( 0.434/ 0.430)
Minimal length of contact line (mm) [Lmin] 192.239
Transverse contact ratio [eps_a] 1.304
Transverse contact ratio with allowances [eps_a.e/m/i] 1.306 / 1.304/ 1.302
Overlap ratio [eps_b] 0.950
Total contact ratio [eps_d] 2.254
Total contact ratio with allowances [eps_g.e/m/i] 2256/ 2.254/ 2.251

2. FACTORS OF GENERAL INFLUENCE
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------- GEAR 1 ---—--- GEAR 2 --
Nominal circum. force at pitch circle (N) [Ft] 228304.9
Axial force (N) [Fa] 56922.8
Radial force (N) [Fr] 109719.4
Normal force (N) [Fnorm] 259618.3
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 1542.60
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 226502.9
Axial force (N) [Faw] 56922.8
Radial force (N) [Frw] 113392.7
Circumferential speed pitch d.. (m/sec) [v] 2.20
Running-in value (um) [yp] 1.1
Running-in value (um) [yf] 1.3
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 1.073
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c 14.758
Meshing stiffness (N/mm/pm) [ca] 18.124
Reduced mass (kg/mm) [mRed] 0.15971
Resonance speed (min-1) [nE1] 6358
Resonance ratio (-) [N] 0.033
Subcritical range
Running-in value (um) [ya] 1.1
Bearing distance | of pinion shaft (mm) [1 320.000
Distance s of pinion shaft (mm) [s] 32.000
Outside diameter of pinion shaft (mm) [dsh] 160.000
Load according to Figure 6.8, DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according to Figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 6.60
from deformation of shaft (um) [fsh*B1] 7.76
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 11.00
Tooth trace deviation, theoretical (um) [Fbx] 7.77
Running-in value (um) [yb] 1.17
Dynamic factor [KV] 1.007
Face load factor - flank [KHb] 1.050
- Tooth root [KFb] 1.041
- Scuffing [KBb] 1.050
Transverse load factor - flank [KHa] 1.000
- Tooth root [KFa] 1.000
- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.167
Number of load cycles (in mio.) [NL] 30.600 8.589
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3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)

------- GEAR 1 ---—--- GEAR 2 --
Tooth form factor [YF] 1.24 1.43
Stress correction factor [YS] 2.46 2.10
Working angle (°) [alfFen] 30.72 25.30
Bending lever arm (mm) [hF] 14.62 16.37
Tooth thickness at root (mm) [sFn] 28.41 28.66
Tooth root radius (mm) [roF] 4.01 5.41

(hF* = 1.218/1.364 sFn* = 2.367/2.388 roF* = 0.334/0.451 dsFn = 182.16/674.60 alfsFn = 30.00/ 30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.889
Effective facewidth (mm) [beff] 160.00 148.00
Nominal stress at tooth root (N/mm?) [sigF0] 322.31 343.75
Tooth root stress (N/mm?) [sigF] 337.97 360.46
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 1.009 1.001
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.930 0.930
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.898 0.891
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm?) [sigFE] 1000.00 1000.00
Permissible tooth root stress (N/mm?) [sigFP=sigF G/SFmin] 641.34 636.44
Limit strength tooth root (N/mm?) [sigFG] 897.87 891.01
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 2.66 2.47
Transmittable power (kW) [kWRating] 953.83 887.50
4. SAFETY AGAINST PITTING (TOOTH FLANK)
------- GEAR 1 ---—--- GEAR 2 --
Zone factor [ZH] 2.190
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.879
Helix angle factor [Zbet] 0.985
Effective facewidth (mm) [beff] 148.00
Nominal flank pressure (N/mm?) [sigHO] 1138.06
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 1170.48
Single tooth contact factor [ZB,ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 1172.82 1170.48
Lubrication coefficient at NL [ZL] 1.018 1.014
Speed coefficient at NL [ZV] 0.968 0.975
Roughness coefficient at NL [ZR] 1.003 1.002
Material pairing coefficient at NL [ZW] 1.000 1.000
Finite life factor [ZNT] 1.038 1.143
[ZL*ZV*ZR*ZNT] 1.026 1.133
Small amount of pitting permissible (0O=no, 1=yes) 0 0
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Size coefficient (flank) [ZX] 0.991
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1525.10
Limit strength pitting (N/mm?) [sigHG] 1525.10

Safety for surface pressure at operating pitch circle

[SHw] 1.30
Required safety [SHmiIn] 1.00
Transmittable power (kW) [kWRating] 849.96
4b. MICROPITTING ACCORDING TO 1ISO TR 15144-1:2010

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type) [XS]

Relative structure coefficient (Scuffing) [XWrelT]

Thermal contact factor (N/mm/s*.5/K) [BM] 13.780
Relevant tip relief (um) [Ca] 2.00
Optimal tip relief (um) [Ceff]

Ca taken as optimal in the calculation (0=no, 1=yes) 0
Effective facewidth (mm) [beff]

Applicable circumferential force/facewidth (N/mm)
[wBt]
Pressure angle factor (eps1:
0.872, eps2: 0.432) [Xalfbet]

Flash temperature-criteria

Tooth mass temperature (°C) [theM-B]
theM-B = theoil + XS*0.47*theflamax [theflamax]
Scuffing temperature (°C) [theS]
Coordinate gamma (point of highest temp.) [Gamma]
[Gamma.A]=-0.339 [Gamma.E]=0.684
Highest contact temp. (°C) [theB]
Flash factor (°K*N*-.75*s*.5"m"-.5"mm) [XM]
Geometry factor [XB]
Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]

Integral temperature-criteria

Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint [theflaint]
Integral scuffing temperature (°C) [theSint]
Flash factor (°K*N*-.75*s*.5*m”-.5* mm) [XM]
Contact ratio factor [Xeps]
Dynamic viscosity (mPa*s) [etaQil]
Averaged coefficient of friction [mym]
Geometry factor [XBE]
Meshing factor [XQ]

Tip relief factor [XCa]
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0.993
1686.58
1686.58

1.44
1.00
1043.64

1.000
1.000
13.780
2.00
85.11

148.000
1904.229

1.076

133.69

135.51

408.58
0.445

269.19
50.058
0.200
1.000

6.69 ( 133.7 °C)
0.136

98.02
40.02
408.58
50.058
0.295
41.90 ( 70.0 °C)
0.095
0.293
1.000
1.018



Integral tooth flank temperature (°C) [theint]

6. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation

Tooth thickness allowance (normal section) (mm) [As.eli]
Number of teeth spanned [k]

Base tangent length (no backlash) (mm) [WK]
Actual base tangent length (‘'span’) (mm) [Wk.eli]
Diameter of contact point (mm) [dMWk.m]
Theoretical diameter of ball/pin (mm) [DM]

Eff. Diameter of ball/pin (mm) [DMeff]
Theor. dim. centre to ball (mm) [MrK]
Actual dimension centre to ball (mm) [MrK.e/i]
Diameter of contact point (mm) [dMMr.m]

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

Actual dimension over balls (mm) [MdK.e/i]

Diametral measurement over rolls without clearance (mm)

[MdR]
Actual dimension over rolls (mm) [MdR.efi]
Chordal tooth thickness (no backlash) (mm) ['sn]
Actual chordal tooth thickness (mm) ['sn.efi]
Reference chordal height from da.m (mm) [ha]
Tooth thickness (Arc) (mm) [sn]
(mm) [sn.efi]

Backlash free center distance (mm) [aControl.efi]
Backlash free center distance, allowances (mm) [ita]l

dNf.i with aControl (mm) [dNfO.i]
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO.i]
Centre distance allowances (mm) [Aa.eli]
Circumferential backlash from Aa (mm) [itw_Aa.eli]

Radial clearance (mm) [jrw]
Circumferential backlash (transverse section) (mm)

[itw]
Torsional angle for fixed gear 1 (°)
Normal backlash (mm) [inw]
7. GEAR ACCURACY
According to DIN 3961:1978:
Accuracy grade [Q-DIN3961]
Profile form deviation (um) [ff]
Profile slope deviation (um) [fHa]
Total profile deviation (um) [Ff]
Helix form deviation (um) [ffb]
Helix slope deviation (um) [fHb]
Total helix deviation (um) [Fb]
Normal base pitch deviation (um) [fpe]
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255.699/ 255.624

255.841
255.699/ 255.624

24.168
24.073/ 24.023
18.394
24.221
24126/ 24.076
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158.05
-—--—-GEAR 1 - GEAR 2 --
DIN 3967 cd25
-0.095/ -0.145 -0.175/ -0.255
3.000 9.000
95.957 308.840
95.871/ 95.826 308.682/ 308.609
201.381 703.124
25.297 20.834
28.000 22.000
127.920 367.100
127.849/ 127.812 366.919/ 366.837
211.767 702.344
255.841 733.929

733.569/ 733.404

734.199
733.839/ 733.674

16.882
16.707 / 16.627
9.924
16.884
16.709/ 16.629

454.720 /454.584

-0.280/ -0.416
187.287 684.691
0.952 3.886

0.032/ -0.032

0.032/ -0.032

0.447/ 0.249

0.447/ 0.249

0.0727 / 0.0405

0.393/ 0.219

GEAR 1 - GEAR 2 --

6 6
18.00 18.00
12.00 12.00
21.00 21.00
12.00 12.00
11.00 11.00
16.00 16.00
13.00 14.00
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Single pitch deviation (um) [fp] 13.00 14.00
Difference between adjacent pitches (um) [fu] 16.00 18.00
Total cumulative pitch deviation (um) [Fp] 40.00 52.00
Cumulative circular pitch deviation over z/8 pitches (um)

[Fpz/8] 25.00 33.00
Concentricity deviation (um) [Fr] 32.00 40.00
Tooth Thickness Variation (um) [Rs] 19.00 23.00
Total radial composite deviation (um) [Fi"] 34.00 42.00
Radial tooth-to-tooth composite deviation (um) [fi"] 16.00 19.00
Total tangential composite deviation (um) [Fi 49.00 58.00
Tangential tooth-to-tooth composite deviation (um)

[fi"] 24.00 25.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality 6)
Maximum value for deviation error of axis (um) [fSigbet] 20.54 (Fb=19.00)
Maximum value for inclination error of axes (um) [fSigdel] 41.08
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 21.3 270.7
Mean coeff. of friction (acc. Niemann) [mum] 0.063
Wear sliding coef. by Niemann [zetw] 0.625
Power loss from gear load (kW) [PVZ] 5.249
(Meshing efficiency (%) [etaz] 98.956)
Weight - calculated with da (kg) [Mass] 53.544 477.872
Total weight (kg) [Mass] 531.416
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] 0.22237 26.91688
System ((da+df)/2...di) (kg*m?) [TraeghMom] 2.34325

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

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: 506

9/9



KISSsoFT

Cakulabon programs for meching derign

KISSsoft Release 03/2013

KISSsoft evaluation

File

Name : Soukoli_7_8_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:58:37
CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Strength calculation with load spectrum
Required service life (h): 2400.00
Load spectrum
Nominal Power [P] 502.6548 kW
Application factor [KA] 1.00
Load spectrum : Own Input
Number of element in the Load spectrum: 2
Reference gear: 2

i [%] [kW] [1/min] [Nm] KV KHb Kgam YM1 YM2 Oil°

1 20.00000 502.6548  14.6829 326911.8738 1.0024 1.2226 1.0000 1.0000 1.0000 70
2 80.00000 351.8584  14.6829 228838.3117 1.0027 1.3178 1.0000 1.0000 1.0000 70

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- 1SO 6336, part 6

During the calculation al the load-coefficients (ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 2.33 2.36
Safety flank: 1.39 1.57
Safety scuffing (Integral) 2.23
Safety scuffing (Flash) 1.36

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

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B
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------- GEAR 1 ---—--- GEAR 2 --
Power (kW) [P] 502.655
Speed (1/min) [n] 59.6 14.7
Torque (Nm) M 80470.6 326911.9
Application factor [KA] 1.00
Required service life [H] 2400.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
DIN 3960:1987)
------- GEAR 1 ---—--- GEAR 2 --
Center distance (mm) [a] 765.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 18.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 15.0000
Number of teeth [z] 16 65
Facewidth (mm) [b] 250.00 218.00
Hand of gear left right
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
------- GEAR 1 ---—-- GEAR 2 --
Surface hardness HRC 61 HRC 61
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 500.00 500.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1200.00 1200.00
Yield point (N/mm?) [Rp] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1:
Reference profile 1.25/0.25/1.0 1SO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
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Tool or reference profile of gear 2:
Reference profile 1.25/0.25/1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (in module) [hfP*] 1.250 1.250
Root radius reference profile (in module) [rofP*] 0.250 0.250
Addendum reference profile (in module) [haP*] 1.000 1.000
Protuberance height coefficient (in module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (in module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)
Tip relief (um) [Ca] 2.0 2.0
Lubrication type oil bath lubrication
Type of ol Oil: ISO-VG 220
Lubricant base Mineral-oil base
Kinem. viscosity  oilat 40 °C (mm?s) [nu40] 220.00
Kinem. viscosity  oil at 100 °C (mm?/s) [nu100] 17.50
FZG test A/8.3/90 ( ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [roQil] 0.895
Oil temperature (°C) [TS] 70.000
------- GEAR 1 ---—--- GEAR 2 --
Overall transmission ratio [itot] -4.063
Gear ratio [u] 4.063
Transverse module (mm) [mt] 18.635
Pressure angle at pitch circle (°) [alft] 20.647
Working transverse pressure angle (°) [alfwt] 22.603
[alfwt.efi] 22.610/  22.596
Working pressure angle at normal section (°) [alfwn] 21.888
Helix angle at operating pitch circle (°) [betaw] 15.195
Base helix angle (°) [betab] 14.076
Reference centre distance (mm) [ad] 754.716
Sum of profile shift coefficients [Summexi] 0.5976
Profile shift coefficient [x] 0.4375 0.1601
Tooth thickness (Arc) (module) (module) [sn*] 1.8892 1.6873
Tip alteration (mm) [k*mn] -0.472 -0.472
Reference diameter (mm) [d] 298.160 1211.273
Base diameter (mm) [db] 279.009 1133.475
Tip diameter (mm) [da] 348.964 1252.093
(mm) [da.efi] 348.964 / 348.954 1252.093/ 1252.083
Tip diameter allowances (mm) [Ada.efi] 0.000/ -0.010 0.000/ -0.010
Tip form diameter (mm) [dFa] 348.964 1252.093
(mm) [dFa.efi] 348.964 / 348.954 1252.093/ 1252.083
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Active tip diameter (mm)
Operating pitch diameter (mm)
(mm)

Root diameter (mm)
Generating Profile shift coefficient
Manufactured root diameter with xE (mm)
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Active root diameter (mm)

(mm)
Root form diameter (mm)

(mm)
Reserve (dNf-dFf)/2 (mm)
Addendum (mm)

(mm)
Dedendum (mm)
(mm)
Roll angle at dFa (°)
Roll angle to dNa (°)
Roll angle to dNf (°)
Roll angle at dFf (°)
Tooth height (mm)
Virtual gear no. of teeth
Normal tooth thickness at tip cyl. (mm)
(mm)
Normal spacewidth at root cylinder (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)
Lead height (mm)
Axial pitch (mm)
Length of path of contact (mm)
Length T1-A, T2-A (mm)
Length T1-B (mm)
Length T1-C (mm)
Length T1-D (mm)
Length T1-E (mm)
Length T1-T2 (mm)
Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio
Minimal length of contact line (mm)

Transverse contact ratio

Transverse contact ratio with allowances
Overlap ratio

Total contact ratio

Total contact ratio with allowances

2. FACTORS OF GENERAL INFLUENCE
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[dNa.e/i] 348.964 / 348.954 1252.093/ 1252.083

[dw] 302.222 1227.778

[dw.efi] 302.238/ 302.206 1227.842/ 1227.714

[df] 268.908 1172.037

[XE.e/i] 0.4275/ 0.4230 0.1418/ 0.1342
[df.efi] 268.551/ 268.386 1171.377/ 1171.103

[c] 4.500 4.500

[c.efi] 5.012/ 4.789 4.806 / 4.638

[dNf] 284.591 1194.983

[dNf.efi] 284.637/ 284.550 1195.054 / 1194.917

[dFf] 281.718 1181.272

[dFf.e/i] 281.579/ 281.517 1180.747 / 1180.529
[cF.eli] 1.560 / 1.485 7.263/ 7.085
[ha=mn*(haP*+x)] 25.402 20.410

[ha.efi] 25402/  25.397 20.410/  20.405
[hf=mn*(hfP*-x)] 14.626 19.618

[hf.e/i] 14.804 / 14.887 19.948/  20.085
[xsi_dFa.eli] 43.041/  43.038 26.889/  26.888
[xsi_dNa.eli] 43.041/  43.038 26.889/  26.888
[xsi_dNf.e/i] 11.566/  11.475 19.141/ 19.119
[xsi_dFf.eli] 7.795/ 7.699 16.719/  16.680

[H] 40.028 40.028

[zn] 17.606 71.524

[san] 9.189 14.357

[san.eli] 9.045/ 8.969 14114/  14.006

[efn] 0.000 13.328

[efn.efi] 0.000/ 0.000 13.386/  13.411

[vgal 0.364 0.234

[zetaa] 0.556 0.572

[zetaf] -1.335 -1.250

[Kga] 0.385 0.248

[Kgf] -0.248 -0.385

[pt] 58.543

[pbt] 54.783

[pet] 54.783

[pz] 3495.796 14201.673

[pX] 218.487

[ga, efi] 76.753 ( 76.857/  76.629)

[T1A, T2A] 28.044( 27.940/ 28.160) 265.975( 265.975/ 265.964)
[T1B, T2B] 50.014( 50.014/ 50.006) 244.005( 243.901/ 244.118)
[T1C, T2C] 58.078( 58.057/ 58.098) 235.942( 235.858/ 236.025)
[T1D, T2D] 82.827( 82.723/ 82.943) 211.192( 211.192/ 211.180)
[T1E, T2E] 104.797( 104.797/ 104.789) 189.222( 189.118/ 189.335)
[T1T2] 294.019 ( 293.915/ 294.124)

[d-B] 296.398( 296.398/ 296.392) 1234.066(1233.984/1234.155)
[d-D] 324.481( 324.374/ 324.599) 1209.617(1209.617/1209.609)
[eps] 0.853( 0.853/ 0.852) 0.548( 0.550/ 0.546)
[Lmin] 314.579

[eps_a] 1.401

[eps_a.e/ml/i] 1.403/ 1.401/ 1.399

[eps_b] 0.998

[eps_d] 2.399

[eps_g.e/m/i] 2401/ 2.399/ 2.397
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------- GEAR 1 ---—--- GEAR 2 --
Nominal circum. force at pitch circle (N) [Ft] 539782.3
Axial force (N) [Fa] 144634.2
Radial force (N) [Fr] 203395.2
Normal force (N) [Fnorm] 594687.8
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 2476.07
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 532526.1
Axial force (N) [Faw] 144634.2
Radial force (N) [Frw] 221698.9
Circumferential speed pitch d.. (m/sec) [v] 0.93
Running-in value (um) [yp] 1.3
Running-in value (um) [yf] 1.7
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c 13.900
Meshing stiffness (N/mm/pm) [ca] 18.081
Reduced mass (kg/mm) [mRed] 0.33637
Resonance speed (min-1) [nE1] 4376
Resonance ratio (-) [N] 0.014
Subcritical range
Running-in value (um) [ya] 1.3
Bearing distance | of pinion shaft (mm) [1 500.000
Distance s of pinion shaft (mm) [s] 50.000
Outside diameter of pinion shaft (mm) [dsh] 250.000
Load according to Figure 6.8, DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according to Figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 61.10
from deformation of shaft (um) [fsh*B1] 57.10
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 11.00
Tooth trace deviation, theoretical (um) [Fbx] 67.10
Running-in value (um) [yb] 6.00
Dynamic factor [KV] 1.002
Face load factor - flank [KHb] 1.223
- Tooth root [KFb] 1.179
- Scuffing [KBb] 1.223
Transverse load factor - flank [KHa] 1.000
- Tooth root [KFa] 1.000
- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.204
Number of load cycles (in mio.) [NL] 8.589 2.114
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3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)

------- GEAR 1 ---—--- GEAR 2 --
Tooth form factor [YF] 1.34 1.47
Stress correction factor [YS] 2.36 2.29
Working angle (°) [alfFen] 24.50 21.30
Bending lever arm (mm) [hF] 18.97 22.98
Tooth thickness at root (mm) [sFn] 38.49 40.96
Tooth root radius (mm) [roF] 6.28 6.36

(hF* = 1.054/1.277 sFn* = 2.139/2.275 roF* = 0.349/0.353 dsFn = 273.30/1177.09 alfsFn = 30.00/ 30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.875
Effective facewidth (mm) [beff] 250.00 218.00
Nominal stress at tooth root (N/mm?) [sigFO0] 331.79 403.79
Tooth root stress (N/mm?) [sigF] 392.14 477.23
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 1.005 1.011
Surface factor [YRrelT] 0.957 0.959
Size coefficient (Tooth root) [YX] 0.870 0.875
Finite life factor [YNT] 1.000 1.041
[YdrelT*YRrelT*YX*YNT] 0.837 0.883
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm?) [sigFE] 1000.00 1000.00
Permissible tooth root stress (N/mm?) [sigFP=sigF G/SFmin] 597.57 630.92
Limit strength tooth root (N/mm?) [sigFG] 836.60 883.29
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 213 1.85
Transmittable power (kW) [kWRating] 765.99 664.53
4. SAFETY AGAINST PITTING (TOOTH FLANK)
------- GEAR 1 ---—--- GEAR 2 --
Zone factor [ZH] 2.307
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.845
Helix angle factor [Zbet] 0.983
Effective facewidth (mm) [beff] 218.00
Nominal flank pressure (N/mm?) [sigHO] 1169.85
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 1295.04
Single tooth contact factor [ZB,ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 1295.21 1295.04
Lubrication coefficient at NL [ZL] 1.014 1.010
Speed coefficient at NL [ZV] 0.967 0.977
Roughness coefficient at NL [ZR] 1.012 1.008
Material pairing coefficient at NL [ZW] 1.000 1.000
Finite life factor [ZNT] 1.143 1.270
[ZL*ZV*ZR*ZNT] 1.133 1.263
Small amount of pitting permissible (0O=no, 1=yes) 0 0
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Size coefficient (flank) [ZX] 0.971
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1651.21
Limit strength pitting (N/mm?) [sigHG] 1651.21

Safety for surface pressure at operating pitch circle

[SHw] 1.28
Required safety [SHmiIn] 1.00
Transmittable power (kW) [kWRating] 816.95
4b. MICROPITTING ACCORDING TO 1ISO TR 15144-1:2010

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type) [XS]

Relative structure coefficient (Scuffing) [XWrelT]

Thermal contact factor (N/mm/s*.5/K) [BM] 13.780
Relevant tip relief (um) [Ca] 2.00
Optimal tip relief (um) [Ceff]

Ca taken as optimal in the calculation (0=no, 1=yes) 0
Effective facewidth (mm) [beff]

Applicable circumferential force/facewidth (N/mm)
[wBt]
Pressure angle factor (eps1:
0.853, eps2: 0.548) [Xalfbet]

Flash temperature-criteria

Tooth mass temperature (°C) [theM-B]
theM-B = theoil + XS*0.47*theflamax [theflamax]
Scuffing temperature (°C) [theS]
Coordinate gamma (point of highest temp.) [Gamma]
[Gamma.A]=-0.517 [Gamma.E]=0.804
Highest contact temp. (°C) [theB]
Flash factor (°K*N*-.75*s*.5"m"-.5"mm) [XM]
Geometry factor [XB]
Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]

Integral temperature-criteria

Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint [theflaint]
Integral scuffing temperature (°C) [theSint]
Flash factor (°K*N*-.75*s*.5*m”-.5* mm) [XM]
Contact ratio factor [Xeps]
Dynamic viscosity (mPa*s) [etaQil]
Averaged coefficient of friction [mym]
Geometry factor [XBE]
Meshing factor [XQ]

Tip relief factor [XCa]
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0.980
1857.50
1857.50

1.43
1.00
1034.09

1.000
1.000
13.780
2.00
136.95

218.000
3652.481

1.009

149.51

169.18

408.58
0.426

318.69
50.058
0.189
1.000

4.95 (149.5 °C)
0.206

105.90
51.28
408.58
50.058
0.272
41.90 ( 70.0 °C)
0.133
0.330
1.000
1.016



Integral tooth flank temperature (°C)

6. MEASUREMENTS FOR TOOTH THICKNESS

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

Number of teeth spanned

Base tangent length (no backlash) (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)
Diameter of contact point (mm)

KISSsoFT
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Diametral measurement over two balls without clearance (mm)

Actual dimension over balls (mm)

Diametral measurement over rolls without clearance (mm)

Actual dimension over rolls (mm)

Chordal tooth thickness (no backlash) (mm)
Actual chordal tooth thickness (mm)
Reference chordal height from da.m (mm)
Tooth thickness (Arc) (mm)

(mm)

Backlash free center distance (mm)

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

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

Centre distance allowances (mm)

Circumferential backlash from Aa (mm)

Radial clearance (mm)

Circumferential backlash (transverse section) (mm)

Torsional angle for fixed
Normal backlash (mm)

gear 1 (°)

7. GEAR ACCURACY

According to DIN 3961:1978:
Accuracy grade

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

Helix form deviation (um)

Helix slope deviation (um)

Total helix deviation (um)

Normal base pitch deviation (um)
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[theint] 182.82
S ¢y - N [— GEAR 2 -
DIN 3967 cd25  DIN 3967 cd25
[As.efi] -0.130/ -0.190 -0.240/ -0.340
k] 3.000 9.000
[WK] 142.685 471.737
[Wk.efi] 142,563/ 142507  471.511/ 471.417
[dMWk.m] 311.385 1222.250
[DM] 35.868 30.645
[DMeff] 40.000 35.000
[MrK] 189.483 637.264
[MrK.efi] 189.372/ 189.321  636.976/ 636.856
[dMMr.m] 318.306 1225.525
MdK] 378.966 1274.165
[MdK .e/i] 378744/ 378641 1273590/ 1273.350
[MdR] 378.966 1274.527
MdR.ei] 378744/ 378.641  1273.952/ 1273.712
I'sn] 33.942 30.369
I'sn.elfi] 33.812/ 33.752  30.129/ 30.029
[ha] 26.305 20.585
[sn] 34.006 30.372
[sn.efi] 33.876/ 33.816  30.132/ 30.032

[aControl.e/i] 764.533 /764.330

lita] -0.467/ -0.670
[dNFO.i] 283.923 1193.882
[cFO.i] 1172 6.567
[Aa.efi] 0.040/ -0.040
litw_Aa.efi] 0.033/ -0.033
[irw] 0.710/ 0.427
litw] 0.589/ 0.355
0.0558 / 0.0336
inw] 0.535/ 0.322
------- GEAR 1 - GEAR 2 -
[Q-DIN3961] 6 6
[ff] 23.00 23.00
[fHa] 15.00 15.00
[F] 28.00 28.00
[ffb] 14.00 14.00
[fHb] 11.00 11.00
[Fb] 18.00 18.00
[fpe] 17.00 18.00
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Single pitch deviation (um) [fp] 17.00 18.00
Difference between adjacent pitches (um) [fu] 21.00 23.00
Total cumulative pitch deviation (um) [Fp] 49.00 61.00
Cumulative circular pitch deviation over z/8 pitches (um)

[Fpz/8] 31.00 38.00
Concentricity deviation (um) [Fr] 40.00 48.00
Tooth Thickness Variation (um) [Rs] 23.00 28.00
Total radial composite deviation (um) [Fi"] 42.00 50.00
Radial tooth-to-tooth composite deviation (um) [fi"] 20.00 23.00
Total tangential composite deviation (um) [Fi 61.00 71.00
Tangential tooth-to-tooth composite deviation (um)

[fi"] 31.00 32.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality 6)
Maximum value for deviation error of axis (um) [fSigbet] 27.52 (Fb=24.00)
Maximum value for inclination error of axes (um) [fSigdel] 55.05
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 76.7 1266.0
Mean coeff. of friction (acc. Niemann) [mum] 0.071
Wear sliding coef. by Niemann [zetw] 0.787
Power loss from gear load (kW) [PVZ] 5.612
(Meshing efficiency (%) [etaz] 98.884)
Weight - calculated with da (kg) [Mass] 187.221 2101.750
Total weight (kg) [Mass] 2288.971
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] 1.74553 361.19917

System ((da+df)/2...di) (kg*m?) [TraeghMom] 23.63121

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

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: 506
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hridel_0_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:44:10

Important hint: At least one warning has occurred during the calculation:
1-> For shaft with internal diameter the notch factors are limited.

Non of the known calculation methods produces reliable data. It is proposed to
use the data for the full shaft and to judge the results conservatively

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) 305.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 36.042
Mass moment of inertia (kg*m?) 0.418
Momentum of mass GD2 (Nm?) 16.401

(Notice: Weight stands for the shaft only without considering the gears)

Label Shaft 2
Drawing

Initial position (mm) 25.000
Length (mm) 696.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 42.802
Mass moment of inertia (kg*m?) 0.054
Momentum of mass GD2 (Nm?) 2.099

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
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Regard gears as masses and stiffness
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Reference temperature (°C) 20.000

g‘_ W

Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y=0.00...95.00 (mm)
d=224.10 (mm), 1=95.00 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=20.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 95.00...305.00 (mm)
d=140.00 (mm), I=210.00 (mm), Rz= 8.0

Radius left (Radius left)
r=5.00 (mm), Rz= 8.0

Inner contour

Cone inside (Conical bore) y=0.00...24.00 (mm)
d1=220.00 (mm), d2=176.32 (mm), 1=24.00 (mm)
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Cylinder inside (Cylindrical bore)
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y=24.00...232.00 (mm)

d=100.00 (mm), 1=208.00 (mm)

Forces

Bevel gear (Bevel gear / hypoid gear) y= 33.59 (mm)
Operating pitch diameter (mm) 287.0170

Helix angle °) 30.0000 left

Half angle of cone °) 45.0000 Tip to the left
Working pressure angle at normal section(°) 20.0000

Position of contact point °) 0.0000

Face width (mm) 82.0000

Axial force (Load spectrum) (N) -4643.68/-3250.57

Shearing force X (Load spectrum)(N) -29493.53/-20645.47

Shearing force Z (Load spectrum)(N) 41809.37/29266.56

Bending moment X (Load spectrum)(N) 0.00/0.00

Bending moment Z (Load spectrum)(N) -666.41/-466.48

load spectrum,driving (Output):

Element  Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)

1 20.0000 800.0 -502.7 -6000.0
2 80.0000 800.0 -351.9 -4200.0
Bearing

Taper roller bearing (single row) SKF 30228J2 (Kuzelikove leve)

y=128.00 (mm)

Set fixed bearing right

d = 140.000 (mm), D = 250.000 (mm), B = 45.750 (mm), r = 4.000 (mm)
C =418.000 (kN), CO = 570.000 (kN), Cu = 58.500 (kN)

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 103.8750

Taper roller bearing (single row) SKF 32028 X (Kuzelikove prave)

y=205.00 (mm)

Set fixed bearing left

d = 140.000 (mm), D =210.000 (mm), B = 45.000 (mm), r = 2.500 (mm)
C =330.000 (kN), CO = 565.000 (kN), Cu = 58.500 (kN)

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 228.5000

SHAFT DEFINITION (Shaft 2)

Outer contour

Cylinder (Cylinder)

y=0.00...696.00 (mm)

d=100.00 (mm), 1=696.00 (mm), Rz= 8.0

Inner contour

Forces
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Coupling (Coupling / Motor)
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y=616.00 (mm)

Eff. Diameter (mm) 0.0000
Radial force coefficient (-) 0.0000
Direction of radial force (®) 0.0000
Axial force coefficient (-) 0.0000
Length of load application (mm) 160.0000
Mass (kg) 0.0000

load spectrum,driven (Input):

Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)

1 20.0000 800.0 502.7
2 80.0000 800.0 351.9
Bearing
CONNECTIONS

Joint, general: Shaft 'Shaft 2' <-> Shaft 'Shaft 1'

6000.0
4200.0

y=160.00 (mm)

Degrees of freedom
X: fixed, Y: fixed, Z: fixed
Rx: fixed, Ry: fixed, Rz: fixed

Shaft 'Shaft 1": Bevel gear 'Bevel gear / hypoid gear' (y=
El (y= 4.5986 (mm)): 1815809.6264 (Nm ), El (y=
(kg)

Jp: 0.0420 (kg*m), Jxx: 0.0211 (kg*m,), Jzz:

Shaft 'Shaft 1": Bevel gear 'Bevel gear / hypoid gear' (y=
El (y=  24.0000 (mm)): 24492579.3823 (Nm ), El (y=
(kg)

Jp: 0.1717 (kg*m.), Jxx: 0.0870 (kg*m,), Jzz:

14.2993 (mm)) is taken into account as component of the shaft.

24.0000 (mm)): 15730430.0599 (Nm.), m (yS=

0.0211 (kg*m.)

15.2207 (mm)):

2.7131

43.2907 (mm)) is taken into account as component of the shaft.

62.5814 (mm)): 24492579.3823 (Nm,), m (yS=

0.0870 (kg*m.)

maximum deflection 28.55

Center of mass

um (Shaft2,  721.00 (mm))

Shaft 1 189.5 mm
Shaft 2 348.0 mm
Deformation due to torsion

Shaft 1 [phi.t] 0.01 °
Shaft 2 [phi.t] 0.21 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)
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Shaft 'Shaft 1' Rolling bearing 'Kuzelikove_leve'

Position (Y-coordinate) [yl 128.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 10180.92 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 6.85
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 51.474 -29.729 -65.416 1578.166 0.000
2 36.032 -20.812 -45.800 1104.915 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0011 -0.0117 -0.0012 -0.050 0.103
2 0.0008 -0.0112 -0.0008 -0.035 0.072
Shaft 'Shaft 1' Rolling bearing 'Kuzelikove_prave'
Position (Y-coordinate) [yl 205.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 15514.38 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 13.94
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -21.981 34.372 24.502 575.790 0.000
2 -15.387 24.063 17.428 409.556 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 -0.0002 -0.0100 0.0002 -0.011 0.190
2 -0.0001 -0.0100 0.0002 -0.008 0.133
Bearing 'Joint, general'
Position (Y-coordinate) [yl 160.00 mm
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 0.000 0.000 0.420 89.422 -6000.000
2 0.000 0.000 0.420 89.422 -4200.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0000 0.0000 -0.0000 -0.000 0.000
2 0.0000 0.0000 -0.0000 -0.000 0.000
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Mz (Nm)

1241.819

869.273

uz (mrad)
-0.046
-0.032

Mz (Nm)
516.549
361.585

uz (mrad)
-0.009
-0.007

Mz (Nm)
0.000
0.000

uz (mrad)
0.000
0.000
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Displacement [mm]

0.030 Components - Y-component

Components - Arbitrary plane

-0.030 T T T T | T |
0.000 280.000 560.000 840.000

Figure: Displacement (bending etc.) (Arbitrary plane -58.28266122 °)

Stress [N/mm?]
66.000

60.000
54.000
48.000
42.000
36.000
30.000
24.000
18.000
12.000
.000
.000

Equivalent stress (GEH)

Equivalent stress (SSH)

[=2]

(=

. T T T T T 1
0 280.000 560.000 840.000
Axial direction Y [mm]

AN

GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)"2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2012

KISSsoFT
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with finite life fatigue strength according to FKM standard and FVA draft

Summary

Label Shaft 1

Drawing

Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of service strength and static strength

Woehler line (S-N curve) according Miner elementary

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

Cross section Position (Y-Coord) (mm)
A-A 95.00
B-B 232.00
Results:

Cross section Kfb Kfsig

A-A 2.07 0.88

B-B 1.00 0.88

Nominal safety:

Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Shoulder
Smooth shaft

K2d SD SS SA
0.80 6.31 11.27 24.36
0.80 10000.00  10000.00  10000.00

1.20 1.20 1.20
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Figure: Strength

Utilization [%]

000

000

000

000

000

000

.000

.000

.000

.000

X
1

(=

Calculation details:

General statements

Label
Drawing

Length (mm)
Speed (1/min)

Material

Material type
Material treatment

Surface treatment

T 1 T 1
00 560.000 840.000

0.
Axial direction Y [mm]

Load factor static calculation

Load factor endurance limit

Reference diameter material (mm)
sigB according DIN 743 (at dB) (N/mm?)
sigS according DIN 743 (at dB) (N/mm?)

[sigzdW] (bei dB) (N/mm?)
[sigbW] (bei dB) (N/mm?)
[tautW] (bei dB) (N/mm?)
Thickness of raw material (mm)
Material data calculated according DIN743/3 with K1(d)
Material strength calculated from size of raw material
Geometric size coefficient K1d calculated from raw material diameter
[sigBeff] (N/mm?)
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Shaft 1

Ul
(n]

18CrNiMo7-6
Case-carburized steel
case-hardened

No

KISSsoFT
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Utilization - static

Utilization - endurance

305.00
800.00

Tension/Compression Bending Torsion Shearing

[dWerkst]

[dB]
[sigB]
[sigS]

1.700 1.700 1.700
1.000 1.000 1.000

16.00
1200.00
850.00
480.00
600.00
360.00
230.00

838.83



[sigSeff] (N/mm?) 594.17
[sigbF] (N/mm?) 653.59
[tautF] (N/mm?) 377.35
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 335.53
[sigbW] (N/mm?) 419.41
[tautW] (N/mm?) 251.65

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 2400.00
Number of load cycles (Mio) [NL] 115.200
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 15 25
[kDsigma, kDtau] 0 0
[NDsigma, NDtau] 1e+006 1e+006
[NDsigmall, NDtaull] 0 0
[DM] 0.3

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 95.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 100.000
Notch effect Shoulder

[D, r, t] (mm) 224100 5.000 0.000

Mean roughness (um) [Rz] 8.000

KISSsoFT
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Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value 2321.8 0.0 3000.0
Amplitude 2321.8 3557.8 3000.0
Maximum value 7894.2 6048.2 10200.0
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 7539.8 199266.7 398533.5

Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 20.00 4643.676 3557.782 6000.000 50911.979

2 80.00 3250.573 2487.387 4200.000 35562.514

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.308 0.000 7.528
[sigzda, sigba, taua, tauga] (N/mm?) 0.308 17.854 7.528
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) 1.047 30.352 25.594
Technological size influence [K1(sigB)] 0.699

[K1(sigS)] 0.699

0.0
50912.0
86550.4

7539.8

0.000
13.261
22.545

Tension/Compression Bending Torsion
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Stress concentration factor
References stress slope
Notch sensitivity factor n
Notch effect coefficient
Geometrical size influence

Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

[alfa]
[G]

[n]
[beta]
[K2(d)]

[KF]

[KV]
Kl

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Load spectrum factor

Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[sigmV]
[taumV]
[sigWK]

[PsisigK]
[sigADK]
[sigANK]
[fKoll]
[S]
[Smin]
[S/Smin]

[K2F]
[gammaF]
[sigFK]

[S]

[Smin]
[S/Smin]

2.665
0.460
1.135
2.347
1.000

0.876

1.000
2.489

134.831

0.087
15.076
15.076

1.000

1.000
1.100
653.586

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'B-B’ Smooth shaft

Comment

Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)

Notch effect Smooth shaft

Mean roughness (um)

Stress: (N) (Nm)
Mean value
Amplitude
Maximum value

[S]
[Smin]
[S/Smin]

Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A]
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[yl
[da]
[di]

[RZ]

2.349 1.712
0.460 0.230
1.135 1.096
2.069 1.563
0.805 0.805
0.876 0.929
1.000 1.000
2.713 2.019
13.042
7.530
154.615 124.651
0.102 0.080
143.942 115.387
143.942 115.387
1.000 1.000
6.309
1.200
525.7
1.000 1.000
1.100 1.000
653.586  343.043
11.269
1.200
939.1
24.357
1.200
2029.8
232.00
140.000
0.000
8.000
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Tension/Compression Bending Torsion Shearing

0.0
0.0
0.0

0.0
3.1
5.4

0.0
0.0
0.0

15393.8 269391.6 538783.1

0.0
83.6
1421

15393.8
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Load spectrum, load base values (Mean-value + Amplitude):
Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)
1 20.00 0.000 3.148 0.000 83.607
2 80.00 0.000 3.148 0.000 83.607
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.012 0.000 0.007
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) 0.000 0.020 0.000 0.012
Technological size influence [K1(sigB)] 0.699
[K1(sigS)] 0.699

Notch effect coefficient
Geometrical size influence
Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

[beta]
[K2(d)]

[KF]

[KV]
Kl

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Load spectrum factor

Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

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

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[sigmV]
[taumV]
[sigWK]

[PsisigK]
[sigADK]
[sigANK]
[fKoll]
[S]
[Smin]
[S/Smin]

[K2F]
[gammaF]
[sigFK]

[S]
[Smin]
[S/Smin]

Tension/Compression Bending Torsion

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

1.000 1.000 1.000
1.000 0.805 0.805
0.876 0.876 0.929
1.000 1.000 1.000
1.141 1.384 1.319
0.000
0.000
294.023  303.041 190.726
0.213 0.220 0.128
294.023  303.041 190.726
294.023  303.041 190.726
1.000 1.000 1.000
10000.000
1.200
10000.0
1.000 1.100 1.100
1.000 1.000 1.000
594.169  653.586  377.348
10000.000
1.200
10000.0
9999.999
1.200
833333.3

- The shearing force is not considered in the analysis specified in DIN 743.
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- Cross section with interference fit:
The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..

End of Report lines: 507
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hridel_0_2_stavy_kratky
Changed by: karlova am: 02.05.2014 um: 11:46:57

Important hint: At least one warning has occurred during the calculation:
1-> For shaft with internal diameter the notch factors are limited.

Non of the known calculation methods produces reliable data. It is proposed to
use the data for the full shaft and to judge the results conservatively

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) 434.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 57.776
Mass moment of inertia (kg*m?) 0.489
Momentum of mass GD2 (Nm?) 19.179

(Notice: Weight stands for the shaft only without considering the gears)

Label Shaft 2
Drawing

Initial position (mm) 25.000
Length (mm) 525.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 32.286
Mass moment of inertia (kg*m?) 0.040
Momentum of mass GD2 (Nm?) 1.584

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
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Regard gears as masses and stiffness
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Reference temperature (°C) 20.000
N =<
=
Figure: Load applications
SHAFT DEFINITION (Shaft 1)
Outer contour
Cylinder (Cylinder) y= 0.00...95.00 (mm)
d=224.10 (mm), I=95.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=20.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 95.00...100.00 (mm)
d=165.00 (mm), I=5.00 (mm), Rz= 8.0
Radius left (Radius left)
r=2.00 (mm), Rz= 8.0
Cylinder (Cylinder) y=100.00...104.00 (mm)

d=149.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0
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Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

KISSsoFT
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y=104.00...434.00 (mm)

d=150.00 (mm), 1=330.00 (mm), Rz= 8.0

Inner contour

Cone inside (Conical bore)

y=0.00...24.00 (mm)

d1=220.00 (mm), d2=176.32 (mm), 1=24.00 (mm)

Cylinder inside (Cylindrical bore)

y= 24.00...232.00 (mm)

d=100.00 (mm), 1=208.00 (mm)

Forces
Bevel gear (Bevel gear / hypoid gear) y= 33.59 (mm)
Operating pitch diameter (mm) 287.0170
Helix angle °) 30.0000 left
Half angle of cone (°) 45.0000 Tip to the left
Working pressure angle at normal section(°) 20.0000
Position of contact point (®) 0.0000
Face width (mm) 82.0000
Axial force (Load spectrum) (N) -4643.68/-3250.57
Shearing force X (Load spectrum)(N) -29493.53/-20645.47
Shearing force Z (Load spectrum)(N) 41809.37/29266.56
Bending moment X (Load spectrum)(N) 0.00/0.00
Bending moment Z (Load spectrum)(N) -666.41/-466.48
load spectrum,driving (Output):
Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 800.0 -502.7 -6000.0
2 80.0000 800.0 -351.9 -4200.0
Bearing

Spherical roller bearings SKF *23030CC/W33 (Soudeckove)

y= 128.00 (mm)

Free bearing
d =150.000 (mm), D = 225.000 (mm), B = 56.000 (mm), r = 2.100 (mm)
C =510.000 (kN), C0O = 750.000 (kN), Cu = 73.500 (kN)

Bearing clearance

Taper roller bearing (paired) (X,TDI) SKF 32030 X/DF (Kuzelikove)

DIN 620:1988 CO (140.00 pm)

y=370.00 (mm)

Fixed bearing
d = 150.000 (mm), D = 225.000 (mm), B = 96.000 (mm), r = 2.500 (mm)
C =644.000 (kN), CO = 1320.000 (kN), Cu = 132.000 (kN)

SHAFT DEFINITION (Shaft 2)

Outer contour
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Cylinder (Cylinder)
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y=0.00...525.00 (mm)

d=100.00 (mm), 1=525.00 (mm), Rz= 8.0

Inner contour

Forces

Coupling (Coupling / Motor)

y=475.00 (mm)

Eff. Diameter (mm)
Radial force coefficient -)
Direction of radial force °)
Axial force coefficient -)
Length of load application (mm)
Mass (kg)
load spectrum,driven (Input):
Element  Frequency (%) Speed (1/min)
1 20.0000 800.0
2 80.0000 800.0
Bearing
CONNECTIONS

Joint, general: Shaft 'Shaft 2' <-> Shaft 'Shaft 1'

0.0000
0.0000
0.0000
0.0000
100.0000
0.0000

Power (kW)
502.7
351.9

Torque (Nm)
6000.0
4200.0

y=160.00 (mm)

Degrees of freedom
X: fixed, Y: fixed, Z: fixed
Rx: fixed, Ry: fixed, Rz: fixed

Shaft 'Shaft 1': Bevel gear 'Bevel gear / hypoid gear' (y=

El (y= 4.5986 (mm)): 1815809.6264 (Nm ), El (y=
(kg)
Jp: 0.0420 (kg*m,), Jxx: 0.0211 (kg*m ), Jzz:

Shaft 'Shaft 1': Bevel gear 'Bevel gear / hypoid gear' (y=
24.0000 (mm)): 24492579.3823 (Nm,), El (y=

El (y=
(kg)
Jp: 0.1717 (kg*m.), Jxx:

0.0870 (kg*m.), Jzz:

14.2993 (mm)) is taken into account as component of the shaft.
24.0000 (mm)): 15730430.0599 (Nm ), m (yS=  15.2207 (mm)): 2.7131

0.0211 (kg*m.)

43.2907 (mm)) is taken into account as component of the shaft.

62.5814 (mm)): 24492579.3823 (Nm,), m (yS=  45.1277 (mm)): 9.6547

0.0870 (kg*m.)

maximum deflection
Center of mass
Shaft 1

Shaft 2

Deformation due to torsion

4/11

130.12 um (Shaft 1, 0.00 (mm))
244.3 mm
262.5 mm



Shaft 1 [phi.t] 0.01 °
Shaft 2 [phi.t] 0.15 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation

(contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'Soudeckove'

Position (Y-coordinate) [yl 128.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 31891.02 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 10.38
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 43.753 0.000 -57.470 0.000 0.000
2 30.627 0.000 -40.034 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 -0.0414 -0.0104 0.0564 -0.325 0.073
2 -0.0415 -0.0103 0.0563 -0.297 0.051
Shaft 'Shaft 1' Rolling bearing 'Kuzelikove'
Position (Y-coordinate) [yl 370.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] > 1000000 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 46.42
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -14.260 4.644 16.666 0.000 0.000
2 -9.982 3.251 11.773 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0000 -0.0100 -0.0000 -0.216 0.133
2 0.0000 -0.0100 -0.0000 -0.221 0.093
Bearing 'Joint, general'
Position (Y-coordinate) [yl 160.00 mm
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 0.000 0.000 0.317 40.376 -6000.000
2 0.000 0.000 0.317 40.376 -4200.000

Displacement of bearing
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Misalignment of bearing

Mz (Nm)
0.000
0.000

KISSsoFT

Cakulabon programs for meching derign

uz (mrad)

-0.252
-0.228

Mz (Nm)
0.000
0.000

uz (mrad)

-0.156
-0.161

Mz (Nm)
0.000
0.000
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ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad) uz (mrad)
1 0.0000 0.0000 -0.0000 -0.000 0.000 0.000
2 0.0000 0.0000 -0.0000 -0.000 0.000 0.000

Displacement [mm]
0.150

Components - Y-component
0.120 Components - Arbitrary plane
0.090
0.060

0.030

0.000

-0.030

-0.060

-0.090

-0.120 S

-0.150 1 T T L 1 1
0.40p0 200.000 400.00 600.000
Axial direction Y [mm]

(=

Figure: Displacement (bending etc.) (Arbitrary plane -52.95998969 °)

Stress [N/mm?]

66.000

Equivalent stress (GEH)

60.000 Equivalent stress (SSH)

54.000

48.000
42.000
36.000
30.000
24.000
18.000

12.000 =
.000 4

.000

[=2]

(=

T T 1
0.000 200.000 400.000 LO0.000
Axial direction Y [mm]

GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)*2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)*2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Label Shaft 1

Drawing

Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of service strength and static strength
Woehler line (S-N curve) according Miner elementary
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 100.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.67 0.88 0.80 6.50 14.62
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]

8/11
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Utilization [%]
22.000 —_] —_—

20.000
18.000
16.000
14.000
12.000
10.000
.000
.000
.000
.000
.000

Utilization - static

Utilization - endurance

(=T L]

T T 1 T 1

Cb 200.000 400.000 600.000
Axial direction Y [mm]

annnnnnnnnn

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing
Length (mm) [ 434.00
Speed (1/min) [n] 800.00
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 1200.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 850.00
[sigzdW] (bei dB) (N/mm?) 480.00
[sigbW] (bei dB) (N/mm?) 600.00
[tautW] (bei dB) (N/mm?) 360.00
Thickness of raw material (mm) [dWerkst] 230.00

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

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter

[sigBeff] (N/mm?) 838.83
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[sigSeff] (N/mm?) 594.17
[sigbF] (N/mm?) 653.59
[tautF] (N/mm?) 377.35
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 335.53
[sigbW] (N/mm?) 419.41
[tautW] (N/mm?) 251.65

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 2400.00
Number of load cycles (Mio) [NL] 115.200
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 15 25
[kDsigma, kDtau] 0 0
[NDsigma, NDtau] 1e+006 1e+006
[NDsigmall, NDtaull] 0 0
[DM] 0.3

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 100.00
External diameter (mm) [da] 149.200
Inner diameter (mm) [di] 100.000
Notch effect Shoulder

[D, r, t] (mm) 165.000 1.000 0.000

Mean roughness (um) [Rz] 8.000

KISSsoFT

Cakulabon programs for meching derign

Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value 2321.8 0.0 3000.0
Amplitude 2321.8 3809.6 3000.0
Maximum value 7894.2 6476.3 10200.0
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 9629.5 260265.9 520531.7

Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 20.00 4643.676 3809.579 6000.000 50907.945

2 80.00 3250.573 2663.276 4200.000 35558.484

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.241 0.000 5.763
[sigzda, sigba, taua, tauga] (N/mm?) 0.241 14.637 5.763
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) 0.820 24.883 19.595
Technological size influence [K1(sigB)] 0.699

[K1(sigS)] 0.699

0.0
50907.9
86543.5

9629.5

0.000
10.309
17.525

Tension/Compression Bending Torsion
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Stress concentration factor
References stress slope
Notch sensitivity factor n
Notch effect coefficient
Geometrical size influence

Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

[alfa]
[G]
[n]
[beta]
[K2(d)]

[KF]

[KV]
(K]

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Load spectrum factor

Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[sigmV]
[taumV]
[sigWK]

[PsisigK]
[sigADK]
[sigANK]
[fKoll]
[S]
[Smin]
[S/Smin]

[K2F]
[gammaF]
[sigFK]

[S]
[Smin]
[S/Smin]

3.810
2474
1.314
2.900
1.000

0.876

1.000
3.041

110.337

0.070
16.111
16.111

1.000

1.000
1.150
683.294

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

3.510
2.474
1.314
2.672
0.800

0.876

1.000
3.479

9.985
5.765
120.540

0.077
114.494
114.494

1.000
6.503
1.200

541.9

1.000
1.150
683.294
14.621
1.200
1218.4

21.379
1.200
1781.5

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

- Cross section with interference fit:

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

2.190
1.150
1.214
1.804
0.800

0.929

1.000
2.330

107.988

0.069
101.035
101.035

1.000

1.000
1.000
343.043

KISSsoFT

Cal

culabon pregmame for machina deasign

End of Report

lines: 443
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hridel_0_2_stavy_kratky
Changed by: karlova am: 02.05.2014 um: 10:50:43

Important hint: At least one warning has occurred during the calculation:
1-> For shaft with internal diameter the notch factors are limited.

Non of the known calculation methods produces reliable data. It is proposed to
use the data for the full shaft and to judge the results conservatively

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) 434.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 57.776
Mass moment of inertia (kg*m?) 0.489
Momentum of mass GD2 (Nm?) 19.179

(Notice: Weight stands for the shaft only without considering the gears)

Label Shaft 2
Drawing

Initial position (mm) 25.000
Length (mm) 525.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 32.286
Mass moment of inertia (kg*m?) 0.040
Momentum of mass GD2 (Nm?) 1.584

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000

113
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Regard gears as masses and stiffness
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Reference temperature (°C) 20.000
N =<
=
Figure: Load applications
SHAFT DEFINITION (Shaft 1)
Outer contour
Cylinder (Cylinder) y= 0.00...95.00 (mm)
d=224.10 (mm), I=95.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=20.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 95.00...100.00 (mm)
d=165.00 (mm), I=5.00 (mm), Rz= 8.0
Radius left (Radius left)
r=2.00 (mm), Rz= 8.0
Cylinder (Cylinder) y=100.00...104.00 (mm)

d=149.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0
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Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

KISSsoFT
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y=104.00...434.00 (mm)

d=150.00 (mm), 1=330.00 (mm), Rz= 8.0

Inner contour

Cone inside (Conical bore)

y=0.00...24.00 (mm)

d1=220.00 (mm), d2=176.32 (mm), 1=24.00 (mm)

Cylinder inside (Cylindrical bore)

y= 24.00...232.00 (mm)

d=100.00 (mm), 1=208.00 (mm)

Forces

Bevel gear (Bevel gear / hypoid gear)

y=33.59 (mm)

Operating pitch diameter (mm)
Helix angle °)
Half angle of cone (°)
Working pressure angle at normal section(®)
Position of contact point °)
Face width (mm)
Power (kW)
Torque (Nm)
Axial force (N)
Shearing force X (N)
Shearing force Z (N)
Bending moment X (Nm)
Bending moment Z (Nm)
Bearing

Spherical roller bearings SKF *23030CC/W33 (Soudeckove)

287.0170
30.0000 left
45.0000 Tip to the left
20.0000
0.0000
82.0000
502.6548
-6000.0000
-4643.6764
-29493.5314
41809.3702
0.0000
-666.4070

driving (Output)

y= 128.00 (mm)

Free bearing

d = 150.000 (mm), D = 225.000 (mm), B = 56.000 (mm), r = 2.100 (mm)
C =510.000 (kN), CO = 750.000 (kN), Cu = 73.500 (kN)

Bearing clearance

Taper roller bearing (paired) (X,TDI) SKF 32030 X/DF (Kuzelikove)

DIN 620:1988 CO (140.00 pm)

y=370.00 (mm)

Fixed bearing

d = 150.000 (mm), D = 225.000 (mm), B = 96.000 (mm), r = 2.500 (mm)
C =644.000 (kN), CO = 1320.000 (kN), Cu = 132.000 (kN)

SHAFT DEFINITION (Shaft 2)

Outer contour

Cylinder (Cylinder)

y=0.00...525.00 (mm)

d=100.00 (mm), 1=525.00 (mm), Rz= 8.0
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Inner contour

Forces

Coupling (Coupling / Motor)

KISSsoFT
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y=475.00 (mm)

Eff. Diameter

Radial force coefficient
Direction of radial force
Axial force coefficient
Length of load application
Power

Torque

Mass

Bearing

CONNECTIONS

Joint, general: Shaft 'Shaft 2' <-> Shaft 'Shaft 1'

(mm)

)

¢
(mm)
(kW)
(Nm)
(kg)

0.0000
0.0000
0.0000
0.0000
100.0000
502.6548
6000.0000
0.0000

driven (Input)

y=160.00 (mm)

Degrees of freedom
X: fixed, Y: fixed, Z: fixed
Rx: fixed, Ry: fixed, Rz: fixed

Shaft 'Shaft 1': Bevel gear 'Bevel gear / hypoid gear' (y=

El (y=
(kg)
Jp: 0.0420 (kg*m,), Jxx:

4.5986 (mm)): 1815809.6264 (Nm.), El (y=

0.0211 (kg*m ), Jzz:

Shaft 'Shaft 1': Bevel gear 'Bevel gear / hypoid gear' (y=

El (y=
(kg)
Jp: 0.1717 (kg*m.), Jxx:

24.0000 (mm)): 24492579.3823 (Nm,), EI (y=

0.0870 (kg*m.), Jzz:

24.0000 (mm)): 15730430.0599 (Nm.), m (yS=

62.5814 (mm)): 24492579.3823 (Nm,), m (yS=

14.2993 (mm)) is taken into account as component of the shaft.

0.0211 (kg*m.)

15.2207 (mm)):

2.7131

43.2907 (mm)) is taken into account as component of the shaft.

0.0870 (kg*m.)

maximum deflection 130.12 um (Shaft 1, 0.00 (mm))
Center of mass

Shaft 1 244.3 mm

Shaft 2 262.5 mm

Deformation due to torsion

Shaft 1 [phi.t] 0.01 °

Shaft 2 [phi.t] 0.15 °

Probability of failure [n] 10.00 %
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Axial clearance

[UA]

10.00
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pum

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'Soudeckove'

Position (Y-coordinate)
Equivalent load
Equivalent load

[yl
[P]
[PO]

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaft 1' Rolling bearing 'Kuzelikove'

Position (Y-coordinate)
Equivalent load
Equivalent load

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]

[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]

[rx]

[ry]

[rZ]

[rr]

[yl
[P]
[PO]

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Bearing 'Joint, general'
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[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]

[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]

[rx]

[ry]

[rZ]

[rr]

128.00 mm
72.23 kN
72.23 kN
1.000
14069.04 h
48.88 mm /s
0.00 mm /s
10.38
43.753 kN
0.000 kN
-57.470 kN
72.230 kN (-52.72°)
103.125 mm
17.204 Nm
1441.267 W
-0.041 mm
-0.010 mm
0.056 mm
0.070 mm (126.28°)
-0.325 mrad (-1.12")
0.073 mrad (0.25")
-0.252 mrad (-0.86")
0.411 mrad (1.41")
370.00 mm
28.90 kN
28.43 kN
1.000
648761.11 h
48.88 mm /s
0.00 mm /s
46.42
-14.260 kN
4.644 kN
16.666 kN
21.934 kN (130.55°)
103.125 mm
22.812 Nm
1911.055 W
0.000 mm
-0.010 mm
-0.000 mm
0.000 mm
-0.216 mrad (-0.74")
0.133 mrad (0.46")
-0.156 mrad (-0.54")
0.267 mrad (0.92")
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Components - Y-component

Position (Y-coordinate) [yl 160.00 mm
Bearing reaction force [Fx] 0.000 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 0.317 kN
Bearing reaction force [Fr] 0.317 kN (90°)
Bearing reaction moment [Mx] 40.38 Nm
Bearing reaction moment [My] -6000.00 Nm
Bearing reaction moment [Mz] 0.00 Nm
Bearing reaction moment [Mr] 40.38 Nm (0°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] -0.000 mm
Displacement of bearing [ur] 0.000 mm
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")
Displacement [mm]

0.150 ~]

0.120 ~ ]

0.090 ~]

0.060 ~]

0.030 ~ ]

I B Ll i

-0.030 ~ ]

-0.060 ~]

-0.090 —| S%]

-0.120 :,{

-0.150 T T T T T 1

op 200.000 400.000 600.000
Axial direction Y [mm]

Figure: Displacement (bending etc.) (Arbitrary plane -52.95998969 °)
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Stress [N/mm?]

66.000

Equivalent stress (GEH)

60.000 Equivalent stress (SSH)

54.000

48.000
42.000
36.000
30.000
24.000
18.000

12.000 =
.000 4

.000 i ik e

[=2]

I
|

(=

0.000 200.000 400.00
Axial direction Y [mm]

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

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.00 Hz, Critical speed: 0.00 1/min  Rigid body rotation Y 'Shaft 1'
2. Eigenfrequency: 415.19 Hz, Critical speed: 24911.17 1/min  Bending YZ 'Shaft 2'

3. Eigenfrequency: 1391.19 Hz, Critical speed: 83471.29 1/min  Bending YZ 'Shaft 1'

4. Eigenfrequency: 1934.02 Hz, Critical speed: 116041.00 1/min  Axial 'Shaft 1'

Normalized rotation
1.200

Components - X-component

1.000 Components - Y-component

0.800 Components - Z-component
0.600
0.400

0.200

0.000

-0.200

-0.400

=<

. T T 1 v 1
oo 200.000 400.00 600.000
Axial direction Y [mm]

-0.600

-0.800

-1.000

AN nnnny

(=
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Figure: Eigenfrequencies (Normalized displacement)

Normalized displacement

1.

©c © ©o ©o o ©o ©o ©o ©o ©o o o©

000
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.700
.600
.500
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.300
.200
.100
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.200

= 1]

T T L -T 1
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Axial direction Y [mm]

Figure: Eigenfrequencies (Normalized rotation)

Normalized displacement

©c © ©o ©o o ©o ©o ©o ©o ©o o o©

1.

000

.900
.800
.700
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.500
.400
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200.0
Axial

T L
0 400.0

direction Y [n

Figure: Eigenfrequencies (Normalized rotation)
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Components - X-component
Components - Y-component

Components - Z-component

Components - X-component
Components - Y-component

Components - Z-component



Normalized displacement
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Figure: Eigenfrequencies (Normalized rotation)
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Components - X-component
Components - Y-component

Components - Z-component



Strength calculation as specified in

DIN 743:2012
Summary
Label Shaft 1
Drawing
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 100.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.67 0.88 0.80 6.50 14.62
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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SA
21.38

1.20
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Utilization [%]
22.000

20.000
18.000
16.000
14.000
12.000
10.000
.000
.000
.000
.000
.000

Utilization - static

Utilization - endurance

(=T L]

T T 1 T 1

Cb 200.000 400.000 600.000
Axial direction Y [mm]

A nnnnnnnnny

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing
Length (mm) [ 434.00
Speed (1/min) [n] 800.00
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 1200.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 850.00
[sigzdW] (bei dB) (N/mm?) 480.00
[sigbW] (bei dB) (N/mm?) 600.00
[tautW] (bei dB) (N/mm?) 360.00
Thickness of raw material (mm) [dWerkst] 230.00

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

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter

[sigBeff] (N/mm?) 838.83
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[sigSeff] (N/mm?) 594.17
[sigbF] (N/mm?) 653.59
[tautF] (N/mm?) 377.35
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 335.53
[sigbW] (N/mm?) 419.41
[tautW] (N/mm?) 251.65

Endurance limit for single stage use

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 100.00
External diameter (mm) [da] 149.200
Inner diameter (mm) [di] 100.000
Notch effect Shoulder

[D, r, t] (mm) 165.000 1.000 0.000

Mean roughness (um) [Rz] 8.000

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

Mean value 2321.8 0.0 3000.0 0.0
Amplitude 2321.8 3809.6 3000.0 50910.7
Maximum value 7894.2 6476.3 10200.0  86548.2
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 9629.5 260265.9 520531.7 9629.5

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.241 0.000 5.763 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.241 14.637 5.763 10.309
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) 0.820 24.883 19.595 17.526
Technological size influence [K1(sigB)] 0.699

[K1(sigS)] 0.699

Tension/Compression Bending Torsion

Stress concentration factor [alfa] 3.810 3.510 2.190
References stress slope [G1 2.474 2.474 1.150
Notch sensitivity factor n [n] 1.314 1.314 1.214
Notch effect coefficient [beta] 2.900 2.672 1.804
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness

[KF] 0.876 0.876 0.929
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.041 3.479 2.330
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 9.985
Equivalent mean stress (N/mm?) [taumV] 5.765
Fatigue limit of part (N/mm?) [sigWK] 110.337 120.540 107.988
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Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

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

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[PsisigK] 0.070
[sigADK] 16.111
[S]

[Smin]

[S/Smin]

[K2F] 1.000
[gammaF] 1.150
[sigFK] 683.294
[S]

[Smin]

[S/Smin]

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

0.077
114.494
6.503
1.200
541.9

1.000
1.150
683.294
14.621
1.200
1218.4

21.379
1.200
1781.5

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

- Cross section with interference fit:

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

0.069
101.035

1.000
1.000
343.043
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End of Report

lines: 449
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hridel_0_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:45:08

Important hint: At least one warning has occurred during the calculation:
1-> For shaft with internal diameter the notch factors are limited.

Non of the known calculation methods produces reliable data. It is proposed to
use the data for the full shaft and to judge the results conservatively

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) 305.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 36.042
Mass moment of inertia (kg*m?) 0.418
Momentum of mass GD2 (Nm?) 16.401

(Notice: Weight stands for the shaft only without considering the gears)

Label Shaft 2
Drawing

Initial position (mm) 25.000
Length (mm) 696.000
Speed (1/min) 800.00

Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 42.802
Mass moment of inertia (kg*m?) 0.054
Momentum of mass GD2 (Nm?) 2.099

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
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Regard gears as masses and stiffness
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Reference temperature (°C) 20.000

g‘_ W

Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y=0.00...95.00 (mm)
d=224.10 (mm), 1=95.00 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=20.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 95.00...305.00 (mm)
d=140.00 (mm), I=210.00 (mm), Rz= 8.0

Radius left (Radius left)
r=5.00 (mm), Rz= 8.0

Inner contour

Cone inside (Conical bore) y=0.00...24.00 (mm)
d1=220.00 (mm), d2=176.32 (mm), 1=24.00 (mm)
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Cylinder inside (Cylindrical bore) y=24.00...232.00 (mm)
d=100.00 (mm), [=208.00 (mm)

Forces

Bevel gear (Bevel gear / hypoid gear) y= 33.59 (mm)
Operating pitch diameter (mm) 287.0170

Helix angle °) 30.0000 left

Half angle of cone °) 45.0000 Tip to the left

Working pressure angle at normal section(°) 20.0000

Position of contact point °) 0.0000

Face width (mm) 82.0000

Power (kW) 502.6548  driving (Output)

Torque (Nm) -6000.0000

Axial force (N) -4643.6764

Shearing force X (N) -29493.5314

Shearing force Z (N) 41809.3702

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) -666.4070

Bearing

Taper roller bearing (single row) SKF 30228J2 (Kuzelikove leve) y= 128.00 (mm)

Set fixed bearing right

d = 140.000 (mm), D = 250.000 (mm), B = 45.750 (mm), r = 4.000 (mm)
C =418.000 (kN), CO = 570.000 (kN), Cu = 58.500 (kN)

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 103.8750

Taper roller bearing (single row) SKF 32028 X (Kuzelikove prave) y= 205.00 (mm)
Set fixed bearing left

d = 140.000 (mm), D =210.000 (mm), B = 45.000 (mm), r = 2.500 (mm)

C =330.000 (kN), CO = 565.000 (kN), Cu = 58.500 (kN)

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm) 228.5000

SHAFT DEFINITION (Shaft 2)

Outer contour

Cylinder (Cylinder) y=0.00...696.00 (mm)
d=100.00 (mm), I=696.00 (mm), Rz= 8.0

Inner contour

Forces

Coupling (Coupling / Motor) y=616.00 (mm)
Eff. Diameter (mm) 0.0000

Radial force coefficient (-) 0.0000
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Direction of radial force (®) 0.0000

Axial force coefficient (-) 0.0000

Length of load application (mm) 160.0000

Power (kW) 502.6548 driven (Input)
Torque (Nm) 6000.0000

Mass (kg) 0.0000

Bearing

CONNECTIONS

Joint, general: Shaft 'Shaft 2' <-> Shaft 'Shaft 1'

y=160.00 (mm)

Degrees of freedom
X: fixed, Y: fixed, Z: fixed
Rx: fixed, Ry: fixed, Rz: fixed

Shaft 'Shaft 1": Bevel gear 'Bevel gear / hypoid gear' (y=

El(y=  4.5986 (mm)): 1815809.6264 (Nm,), El (y=
(kg)
Jp: 0.0420 (kg*m.), Jxx: 0.0211 (kg*m.), Jzz:

Shaft 'Shaft 1": Bevel gear 'Bevel gear / hypoid gear' (y=

El(y=  24.0000 (mm)): 24492579.3823 (Nm.), El (y=
(kg)
Jp: 0.1717 (kg*m.), Jxx: 0.0870 (kg*m.), Jzz:

14.2993 (mm)) is taken into account as component of the shaft.
24.0000 (mm)): 15730430.0599 (Nm ), m (yS=  15.2207 (mm)):

0.0211 (kg*m.)

43.2907 (mm)) is taken into account as component of the shaft.
62.5814 (mm)): 24492579.3823 (Nm,), m (yS=  45.1277 (mm)):

0.0870 (kg*m.)

maximum deflection 28.55 um (Shaft 2, 721.00 (mm))
Center of mass

Shaft 1 189.5 mm

Shaft 2 348.0 mm

Deformation due to torsion

Shaft 1 [phi.t] 0.01 °

Shaft 2 [phi.t] 0.21 °

Probability of failure [n] 10.00 %

Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'Kuzelikove_leve'

Position (Y-coordinate) [yl 128.00 mm
Equivalent load [P] 83.24 kN
Equivalent load [PO] 83.24 kN
Life modification factor for reliability[a1] 1.000
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Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]
[rx]

[ry]

[rZ]

[rr]

4517.59 h
48.88 mm /s
0.00 mm /s
6.85
51.474 kN
-29.729 kN
-65.416 kN
83.240 kN (-51.8°)
1578.17 Nm
0.00 Nm
1241.82 Nm
2008.16 Nm (38.2°)
111.250 mm
19.454 Nm
1629.740 W
0.001 mm
-0.012 mm
-0.001 mm

0.002  mm (-47.31°)
-0.050  mrad (-0.17")

Shaft 'Shaft 1' Rolling bearing 'Kuzelikove_prave'

Position (Y-coordinate)
Equivalent load
Equivalent load

[yl
[P]
[PO]

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Bearing 'Joint, general'
Position (Y-coordinate)

5/14

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]
[rx]

[ry]

[rZ]

[rr]

[yl

0.103 mrad (0.35")
-0.046 mrad (-0.16'")
0.068 mrad (0.23")
205.00 mm
57.85 kN
40.52 kN
1.000
6909.54 h
48.88 mm /s
0.00 mm /s
13.94
-21.981 kN
34.372 kN
24.502 kN
32.916 kN (131.9°)
575.79 Nm
0.00 Nm
516.55 Nm
773.54 Nm (41.9°)
96.250 mm
19.186 Nm
1607.342 W
-0.000 mm
-0.010 mm
0.000 mm

0.000 mm (131.43°)
-0.011 mrad (-0.04")

0.190 mrad (0.65")
-0.009 mrad (-0.03")
0.014 mrad (0.05')
160.00 mm
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Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Displacement [mm]

0.030

[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[ux]
[uy]
[uz]
[ur]
[rx]
[ry]
[rZ]

[rr]

0.000
0.000
0.420
0.420
89.42
-6000.00
0.00
89.42
0.000
0.000
-0.000
0.000
-0.000
0.000
0.000
0.000

kN

kN

kN

kN (90°)
Nm

Nm

Nm

Nm (0°)

00

| I
560.000

840.000

Figure: Displacement (bending etc.) (Arbitrary plane -58.28266122 °)
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Stress [N/mm?]

66.000
60.000
54.000
48.000
42.000
36.000
30.000
24.000
18.000
12.000
.000

[=2]

(=

.000
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Equivalent stress (GEH)

Equivalent stress (SSH)

AN

0.000 560.000
Axial direction Y [mm]

1
840.000

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

Figure: Equivalent stress

Eigenfrequencies/Critical speeds

1. Eigenfrequency:
2. Eigenfrequency:
3. Eigenfrequency:
4. Eigenfrequency:

Normalized rotation

.100
.000
900
.800
.700
600
.500
.400
.300
.200
.100

cocococococococopRR

0.00 Hz, Critical speed:
214.13 Hz, Critical speed:
1204.77 Hz, Critical speed:
1422.86 Hz, Critical speed:

0.00 1/min  Rigid body rotation Y 'Shaft 2'
12847.99 1/min  Bending YZ 'Shaft 2'
72286.11 1/min  Bending XY 'Shaft 2'
85371.72 1/min  Torsion 'Shaft 2'

Components - X-component

Components - Y-component

Components - Z-component

(=

.000
.100
.200
.300
.400

[
c o oo

1
(=

.500
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Figure: Eigenfrequencies (Normalized displacement)

Figure: Eigenfrequencies (Normalized rotation)

Normalized displacement

0.

©c © o ©o ©o o o©

ANNnnnnm

-0.
-0.

480

.420
.360
.300
.240
.180
.120
.060
.000
.060

120
180

X

1
280.000

1 T 1
560.000 840.000

Axiai direction Y [mm]

Normalized displacement

0.

-0.
-0.
-0.

©c © o ©o ©o o o©

= b

480

.420
.360
.300

240

.180
.120
.060
.000

060
120
180

\

1
280.000

1 T 1
560.000 840.000

Axiai direction Y [mm]

Figure: Eigenfrequencies (Normalized rotation)
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Components - X-component
Components - Y-component

Components - Z-component

Components - X-component
Components - Y-component

Components - Z-component
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Normalized rotation

.100
.000
.900
.800
.700
.600
.500
.400
.300
.200
.100
.000
.100
.200
.300
.400
.500

- Components - X-component

/ Components - Y-component
Components - Z-component

— //
[a— /
— '/,
—1- ~ —
Qrection®® $h 840.000

Figure: Eigenfrequencies (Normalized displacement)
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Strength calculation as specified in

Summary

Label
Drawing

Material

Material type
Material treatment
Surface treatment

DIN 743:2012

Shaft 1

18CrNiMo7-6
Case-carburized steel
case-hardened

No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section
A-A

B-B

Results:
Cross section
A-A

B-B

Nominal safety:

Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

Position (Y-Coord) (mm)

95.00 Shoulder
232.00 Smooth shaft
Kfb Kfsig K2d SD SS
2.07 0.88 0.80 6.31 11.27
1.00 0.88 0.80 10000.00 10000.00
1.20 1.20

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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SA
24.36
10000.00
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27.

24.

21.

18.

15.

12.

©o
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Figure: Strength

Utilization [%]

000

000

000

000

000

000

.000

.000

.000

.000

X
1

(=

Calculation details:

General statements

Label
Drawing

Length (mm)
Speed (1/min)

Material

Material type
Material treatment

Surface treatment

T 1 T 1
00 560.000 840.000

0.
Axial direction Y [mm]

Load factor static calculation

Load factor endurance limit

Reference diameter material (mm)
sigB according DIN 743 (at dB) (N/mm?)
sigS according DIN 743 (at dB) (N/mm?)

[sigzdW] (bei dB) (N/mm?)
[sigbW] (bei dB) (N/mm?)
[tautW] (bei dB) (N/mm?)
Thickness of raw material (mm)
Material data calculated according DIN743/3 with K1(d)
Material strength calculated from size of raw material
Geometric size coefficient K1d calculated from raw material diameter
[sigBeff] (N/mm?)

11/14

Shaft 1

Ul
(n]

18CrNiMo7-6
Case-carburized steel
case-hardened

No

KISSsoFT

Cakulabon programs for meching derign

Utilization - static

Utilization - endurance

305.00
800.00

Tension/Compression Bending Torsion Shearing

1.700
1.000

[dWerkst]

[dB]
[sigB]
[sigS]

1.700 1.700 1.700
1.000 1.000 1.000

16.00
1200.00
850.00
480.00
600.00
360.00
230.00

838.83
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[sigSeff] (N/mm?) 594.17
[sigbF] (N/mm?) 653.59
[tautF] (N/mm?) 377.35
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 335.53
[sigbW] (N/mm?) 419.41
[tautW] (N/mm?) 251.65

Endurance limit for single stage use

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 95.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 100.000
Notch effect Shoulder

[D, r, t] (mm) 224100 5.000 0.000

Mean roughness (um) [Rz] 8.000

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

Mean value 2321.8 0.0 3000.0 0.0
Amplitude 2321.8 3557.8 3000.0 50916.8
Maximum value 7894.2 6048.2 10200.0  86558.6
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 7539.8 199266.7 398533.5 7539.8

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.308 0.000 7.528 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.308 17.854 7.528 13.263
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) 1.047 30.352 25.594 22.547
Technological size influence [K1(sigB)] 0.699

[K1(sigS)] 0.699

Tension/Compression Bending Torsion

Stress concentration factor [alfa] 2.665 2.349 1.712
References stress slope [G1 0.460 0.460 0.230
Notch sensitivity factor n [n] 1.135 1.135 1.096
Notch effect coefficient [beta] 2.347 2.069 1.563
Geometrical size influence [K2(d)] 1.000 0.805 0.805
Influence coefficient surface roughness

[KF] 0.876 0.876 0.929
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 2.489 2.713 2.019
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 13.042
Equivalent mean stress (N/mm?) [taumV] 7.530
Fatigue limit of part (N/mm?) [sigWK] 134.831 154.615 124.651
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Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

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

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[PsisigK] 0.087
[sigADK] 15.076
[S]

[Smin]

[S/Smin]

[K2F] 1.000
[gammaF] 1.100
[sigFK] 653.586
[S]

[Smin]

[S/Smin]

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'B-B’ Smooth shaft

Comment

Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Mean roughness (um)

Smooth shaft

Stress: (N) (Nm)
Mean value
Amplitude
Maximum value

[S]
[Smin]
[S/Smin]

[yl
[da]
[di]

[RZ]

KISSsoFT
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0.102
143.942
6.309
1.200
525.7

0.080
115.387

1.000
1.100
653.586
11.269
1.200
939.1

1.000
1.000
343.043

24.357
1.200
2029.8

232.00
140.000
0.000

8.000

Tension/Compression Bending Torsion Shearing

-0.0
0.0
-0.0

Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A]

Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?)
[sigzda, sigba, taua, tauga] (N/mm?)

[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2)

Technological size influence

Notch effect coefficient
Geometrical size influence
Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient
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0.0 0.0 0.0
3.1 0.0 87.3
5.4 0.0 148.4
15393.8 269391.6 538783.1 15393.8
0.000 0.000 0.000
0.012 0.000 0.008
0.020 0.000 0.013

Tension/Compression Bending Torsion

-0.000

0.000

-0.000

[K1(sigB)] 0.699

[K1(sigS)] 0.699
[beta] 1.000
[K2(d)] 1.000
[KF] 0.876
[KV] 1.000
K] 1.141

1.000 1.000
0.805 0.805
0.876 0.929
1.000 1.000
1.384 1.319
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Calculation pregrams for maching dasign
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 294.023 303.041 190.726
Influence coeff. mean stress sensitivity.
[PsisigK] 0.213 0.220 0.128
Permissible amplitude (N/mm?2) [sigADK] 294.023 303.041 190.726
Margin of safety endurance limit [S] 10000.000
Required safety [Smin] 1.200
Result (%) [S/Smin] 10000.0
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 594.169 653.586 377.348
Margin of safety yield stress [S] 10000.000
Required safety [Smin] 1.200
Result (%) [S/Smin] 10000.0
Present margin of safety
for proof of avoiding incipient crack on hard surface layers:
Safety against incipient crack [S] 9999.999
Required safety [Smin] 1.200
Result (%) [S/Smin] 833333.3
Remarks:
- The shearing force is not considered in the analysis specified in DIN 743.
- Cross section with interference fit:
The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..
End of Report lines: 512
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KISSsoft Release 03/2013

KISSsoft evaluation

File
Name : Hridel_|_2_stavy pro_C
Changed by: karlova am: 02.05.2014 um: 11:50:03
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing OL 232 969
Initial position (mm) 0.000
Length (mm) 935.000
Speed (1/min) 800.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 120.809
Mass moment of inertia (kg*m?) 0.551
Momentum of mass GD2 (Nm?) 21.623

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
Regard gears as masses and stiffness

Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered

Reference temperature (°C) 20.000

110
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...76.00 (mm)
d=110.00 (mm), I=76.00 (mm), Rz= 4.8

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

Cylinder (Cylinder) y=76.00...80.00 (mm)
d=109.20 (mm), I=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=80.00...89.00 (mm)
d=130.00 (mm), I=9.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Radius right (Radius right)
r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=89.00...157.00 (mm)
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d=285.00 (mm), 1=68.00 (mm), Rz= 4.8

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

Cylinder (Cylinder)

y=157.00...

KISSsoFT
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161.00 (mm)

d=161.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=161.00...

251.00 (mm)

d=162.00 (mm), 1=90.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=251.00...

511.00 (mm)

d=135.00 (mm), 1=260.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=511.00...

613.00 (mm)

d=135.00 (mm), 1=102.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=613.00...

622.00 (mm)

d=130.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 622.00...

626.00 (mm)

d=109.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 626.00...

935.00 (mm)

d=110.00 (mm), 1=309.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)

1=2.00 (mm), alpha=45.00 (°)

Inner contour

Forces

Cylindrical gear (Kolo_1)

y=352.00 (mm)

Operating pitch diameter (mm)

Helix angle °)

Working pressure angle at normal section(®)
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Position of contact point °)
Length of load application (mm)
Axial force (Load spectrum) (N)

Shearing force X (Load spectrum)(N)
Shearing force Z (Load spectrum)(N)
Bending moment X (Load spectrum)(N)
Bending moment Z (Load spectrum)(N)
load spectrum,driving (Output):

KISSsoFT
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0.0000
202.0000
-21036.69/-14725.68
-34798.01/-24358.61
83124.54/58187.18

0.00/0.00
-1518.45/-1062.91

Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 800.0 -502.7 -6000.0
2 80.0000 800.0 -351.9 -4200.0
Coupling (Coupling / Motor) y= 860.00 (mm)
Eff. Diameter (mm) 0.0000
Radial force coefficient (-) 0.0000
Direction of radial force (®) 0.0000
Axial force coefficient (-) 0.0000
Length of load application (mm) 150.0000
Mass (kg) 0.0000
load spectrum,driven (Input):
Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 800.0 502.7 6000.0
2 80.0000 800.0 351.9 4200.0
Bearing

Spherical roller bearings SKF *22322E (SKF*22322E levé)

y=40.00 (mm)

Set fixed bearing left

d = 110.000 (mm), D = 240.000 (mm), B = 80.000 (mm), r = 3.000 (mm)
C = 950.000 (kN), CO = 1120.000 (kN), Cu = 100.000 (kN)

Bearing clearance

Spherical roller bearings SKF *22322E (SKF_22322E prave)

DIN 620:1988 CO (97.50 pum)

y=662.00 (mm)

Set fixed bearing right

d = 110.000 (mm), D = 240.000 (mm), B = 80.000 (mm), r = 3.000 (mm)
C = 950.000 (kN), CO = 1120.000 (kN), Cu = 100.000 (kN)

Bearing clearance

Shaft 'Shaft 1": Cylindrical gear 'Kolo_1' (y=
El (y=
(kg)

Jp: 0.0159 (kg*m,), Jxx:

251.0000 (mm)): 3358707.5696 (Nm), EI (y=

0.0190 (kg*m ), Jzz:

DIN 620:1988 CO (97.50 pum)

352.0000 (mm)) is taken into account as component of the shaft.
453.0000 (mm)): 3358707.5696 (Nm_), m (yS=

0.0190 (kg*m.)

maximum deflection

Center of mass
Shaft 1

Deformation due to torsion

Shaft 1 [phi.{]
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154.12 um (Shaft 1, 377.25 (mm))
362.7 mm
0.10 °

352.0000 (mm)):

3.2488



Probability of failure [n]
[UA]

Axial clearance

1000 %
10.00  pm

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'SKF*22322E_levé'

Position (Y-coordinate) [yl 40.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 106939.32 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 12.81
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 19.784 21.037 -40.843 0.000 0.000
2 13.849 14.726 -28.414 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 -0.0205 -0.0100 0.0442 0.396 -0.000
2 -0.0206 -0.0100 0.0442 0.277 -0.000
Shaft 'Shaft 1' Rolling bearing 'SKF_22322E_prave'
Position (Y-coordinate) [yl 662.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] > 1000000 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 25.62
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 15.014 0.000 -41.065 0.000 0.000
2 10.510 0.000 -28.556 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 -0.0160 -0.0117 0.0460 -0.474 0.787
2 -0.0161 -0.0112 0.0460 -0.330 0.551
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Mz (Nm)
0.000
0.000

uz (mrad)
0.160
0.110

Mz (Nm)
0.000
0.000

uz (mrad)
-0.197
-0.140
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Displacement [mm]
.180

.150
120
.090
.060
.030

0.000
-0.030

Components - Y-component

Components - Arbitrary plane

©c © ©o ©o ©o ©

-0.060
-0.090
-0.120

-0.150

-0.180 T T T T T 1
0.000 360.000 20.000 1080.000
Axial direction Y [mm]

Figure: Displacement (bending etc.) (Arbitrary plane -67.81695976 °)

Stress [N/mm?]
66.000

60.000
54.000
48.000
42.000
36.000
30.000
24.000
18.000
12.000
.000
.000
-6.000

Equivalent stress (GEH)

Equivalent stress (SSH)

[=2]

(=

—T T T T
360.000 720.000
Axial direction Y [mm]

1
0.000l 1080.000

GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)"2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Label Shaft 1

Drawing OL 232 969
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of service strength and static strength
Woehler line (S-N curve) according Miner elementary
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 80.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.61 0.88 0.82 7.95 36.23
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]

7/10

KISSsoFT

Cakulabon programs for meching derign

SA
33.71

1.20



Utilization [%]

Utilization - endurance

22.000
20.000
18.000
16.000
14.000
12.000
10.000
8.000 '
6.000
4.000 ||
2.000 TN T e | Sa__mmmm
0.000 T T T ]
o.Lool| ' 360.00 I 720.000 1080.000
Axial direction Y [mm]
Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing OL 232 969
Length (mm) [1
Speed (1/min) [n]
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Load factor static calculation
Load factor endurance limit

Reference diameter material (mm)

sigB according DIN 743 (at dB) (N/mm?)

sigS according DIN 743 (at dB) (N/mm?)

[sigzdW] (bei dB) (N/mm?)

[sigbW] (bei dB) (N/mm?)

[tautW] (bei dB) (N/mm?)

Thickness of raw material (mm)

Material data calculated according DIN743/3 with K1

935.00
800.00

Utilization - static

KISSsoFT
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Tension/Compression Bending Torsion Shearing

1.700
1.000

[dB]
[sigB]
[sigS]

[dWerkst]
(d)

Material strength calculated from size of raw material
Geometric size coefficient K1d calculated from raw material diameter

[sigBeff] (N/mm?)
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1.700
1.000

16.00
1200.00
850.00
480.00
600.00
360.00
290.00

807.42

1.700
1.000

1.700
1.000



[sigSeff] (N/mm?) 571.92
[sigbF] (N/mm?) 629.11
[tautF] (N/mm?) 363.22
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 322.97
[sigbW] (N/mm?) 403.71
[tautW] (N/mm?) 24223

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 2400.00
Number of load cycles (Mio) [NL] 115.200
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 15 25
[kDsigma, kDtau] 0 0
[NDsigma, NDtau] 1e+006 1e+006
[NDsigmall, NDtaull] 0 0
[DM] 0.3

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 80.00
External diameter (mm) [da] 109.200
Inner diameter (mm) [di] 0.000
Notch effect Shoulder

[D, r, t] (mm) 130.000 1.000 0.000

Mean roughness (um) [Rz] 8.000

KISSsoFT
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Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value -10518.3 0.0 -0.0
Amplitude 10518.3 1817.4 0.0
Maximum value -35762.4 3089.6 0.0
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 9365.6 127840.3 255680.6

Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 20.00 -21036.687 1817.388 -0.000 45438.796

2 80.00 -14725.681 1266.475 -0.000 31665.969

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) -1.123 0.000 -0.000
[sigzda, sigba, taua, tauga] (N/mm?) 1.123 14.216 0.000
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -3.818 24167 0.000
Technological size influence [K1(sigB)] 0.673

[K1(sigS)] 0.673

0.0
45438.8
77246.0

9365.6

0.000
6.469
10.997

Tension/Compression Bending Torsion
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Stress concentration factor
References stress slope
Notch sensitivity factor n
Notch effect coefficient
Geometrical size influence

Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

[alfa]
[G]
[n]
[beta]
[K2(d)]

[KF]

[KV]
Kl

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Load spectrum factor

Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[sigmV]
[taumV]
[sigWK]

[PsisigK]
[sigADK]
[sigANK]
[fKoll]
[S]
[Smin]
[S/Smin]

[K2F]
[gammaF]
[sigFK]

[S]
[Smin]
[S/Smin]

3.816
2.454
1.313
2.907
1.000

0.880

1.000
3.044

106.089

0.070
114.113
114.113

1.000

1.000
1.150
657.709

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

3.426
2.454
1.313
2.610
0.821

0.880

1.000
3.315

1.123
0.648
121.772

0.082
122.562
122.562

1.000
7.947
1.200

662.3

1.100
1.150
723.480
36.234
1.200
2809.4

33.713
1.200
2809.4

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

- Cross section with interference fit:

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

2.199
1.150
1.214
1.811
0.821

0.931

1.000
2.280

106.226

0.070
106.226
106.226

1.000

1.100
1.000
363.218

KISSsoFT

Cal

culabon pregmame for machina deasign

End of Report

lines: 418
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KISSsoft Release 03/2013

KISSsoft evaluation

File
Name : Hridel_|_2_stavy pro_C
Changed by: karlova am: 02.05.2014 um: 11:01:44
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing OL 232 969
Initial position (mm) 0.000
Length (mm) 935.000
Speed (1/min) 800.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 120.809
Mass moment of inertia (kg*m?) 0.551
Momentum of mass GD2 (Nm?) 21.623

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
Regard gears as masses and stiffness

Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered

Reference temperature (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...76.00 (mm)
d=110.00 (mm), I=76.00 (mm), Rz= 4.8

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

Cylinder (Cylinder) y=76.00...80.00 (mm)
d=109.20 (mm), I=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=80.00...89.00 (mm)
d=130.00 (mm), I=9.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Radius right (Radius right)
r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=89.00...157.00 (mm)
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d=285.00 (mm), 1=68.00 (mm), Rz= 4.8

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

Cylinder (Cylinder)

y=157.00...
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161.00 (mm)

d=161.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=161.00...

251.00 (mm)

d=162.00 (mm), 1=90.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=251.00...

511.00 (mm)

d=135.00 (mm), 1=260.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=511.00...

613.00 (mm)

d=135.00 (mm), 1=102.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=613.00...

622.00 (mm)

d=130.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 622.00...

626.00 (mm)

d=109.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 626.00...

935.00 (mm)

d=110.00 (mm), 1=309.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)

1=2.00 (mm), alpha=45.00 (°)

Inner contour

Forces

Cylindrical gear (Kolo_1)

y=352.00 (mm)

Operating pitch diameter (mm)

Helix angle °)

Working pressure angle at normal section(®)
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Position of contact point (®) 0.0000

Length of load application (mm) 202.0000

Power (kW) 502.6548 driving (Output)

Torque (Nm) -6000.0000

Axial force (N) -21036.6866

Shearing force X (N) -34798.0129

Shearing force Z (N) 83124.5394

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) -1518.4459

Coupling (Coupling / Motor) y= 860.00 (mm)
Eff. Diameter (mm) 0.0000

Radial force coefficient (-) 0.0000

Direction of radial force (®) 0.0000

Axial force coefficient (-) 0.0000

Length of load application (mm) 150.0000

Power (kW) 502.6548 driven (Input)

Torque (Nm) 6000.0000

Mass (kg) 0.0000

Bearing

Spherical roller bearings SKF *22322E (SKF*22322E levé) y=40.00 (mm)

Set fixed bearing left

d = 110.000 (mm), D = 240.000 (mm), B = 80.000 (mm), r = 3.000 (mm)

C =950.000 (kN), CO = 1120.000 (kN), Cu = 100.000 (kN)

Bearing clearance DIN 620:1988 CO (97.50 pm)

Spherical roller bearings SKF *22322E (SKF_22322E prave) y= 662.00 (mm)
Set fixed bearing right

d =110.000 (mm), D = 240.000 (mm), B = 80.000 (mm), r = 3.000 (mm)

C =950.000 (kN), CO = 1120.000 (kN), Cu = 100.000 (kN)

Bearing clearance DIN 620:1988 CO (97.50 pm)

Shaft 'Shaft 1": Cylindrical gear 'Kolo_1' (y= 352.0000 (mm)) is taken into account as component of the shaft.

El (y= 251.0000 (mm)): 3358707.5696 (Nm,), El (y= 453.0000 (mm)): 3358707.5696 (Nm_), m (yS= 352.0000 (mm)):
(kg)

Jp: 0.0159 (kg*m,), Jxx: 0.0190 (kg*m ), Jzz: 0.0190 (kg*m,)

maximum deflection 154.12 um (Shaft 1, 377.25 (mm))

Center of mass
Shaft 1 362.7 mm

Deformation due to torsion

Shaft 1 [phi.g] 0.10 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)
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Shaft 'Shaft 1' Rolling bearing 'SKF*22322E_levé'

Position (Y-coordinate) [yl
Equivalent load [P]
Equivalent load [PO]
Life modification factor for reliability[a1]
Service life [Lnh]
Operating viscosity [nu]
Reference viscosity [nu1]
static safety factor [SO]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Qil level [H]
Torque of friction [Mloss]
Power loss [Ploss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rZ]
Misalignment of bearing [rr]

40.00
93.52
87.46

1.000

47302.36
48.88
0.00
12.81
19.784
21.037
-40.843
45.382
103.750
15.185
1272.109
-0.021
-0.010
0.044
0.049
0.396
-0.000
0.160
0.427

Shaft 'Shaft 1' Rolling bearing 'SKF_22322E_prave'

Position (Y-coordinate) [yl
Equivalent load [P]
Equivalent load [PO]
Life modification factor for reliability[a1]
Service life [Lnh]
Operating viscosity [nu]
Reference viscosity [nu1]
static safety factor [SO]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Oil level [H]
Torque of friction [Mloss]
Power loss [Ploss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rZ]
Misalignment of bearing [rr]
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662.00
43.72
43.72

mm
kN
kN

h
mm /s
mm /s

kN

kN

kN

kN (-64.15°)
mm

Nm

mm (114.93°)
mrad (1.36')
mrad (0")

mrad (0.55')
mrad (1.47")

mm
kN
kN

1.000

596281.38
48.88
0.00
25.62
15.014
0.000
-41.065
43.724
103.750
10.188
853.469
-0.016
-0.012
0.046
0.049
-0.474
0.787
-0.197
0.513

h
mm /s
mm /s

kN

kN

kN

kN (-69.92°)
mm

Nm

w

mm (109.21°)
mrad (-1.63")
mrad (2.7")

mrad (-0.68")
mrad (1.76")

KISSsoFT
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Displacement [mm]
.180

.150
.120

.060
.030
.000
-0.030

0
0
0
0.090
0
0
0

-0.060
-0.090

-0.120

S I —

——— T T T N
0.000 360.000 20.000 1080.000
Axial direction Y [mm]

-0.150

-0.180

Figure: Displacement (bending etc.) (Arbitrary plane -67.81695976 °)

Stress [N/mm?]
66.000
60.000
54.000
48.000
42.000
36.000
30.000
24.000
18.000
12.000
.000
.000 ) T = T
T T T ™

360.000 720.000
Axial direction Y [mm]

[=2]

(=

1
0.000l 1080.000

KISSsoFT

Cakulabon programs for meching derign

Components - Y-component

Components - Arbitrary plane

Equivalent stress (GEH)
Equivalent stress (SSH)

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

Figure: Equivalent stress

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.00 Hz, Critical speed: 0.01 1/min
2. Eigenfrequency: 527.87 Hz, Critical speed: 31671.96 1/min
3. Eigenfrequency: 905.66 Hz, Critical speed: 54339.78 1/min
4. Eigenfrequency: 1604.65 Hz, Critical speed: 96279.28 1/min
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Rigid body rotation Y 'Shaft 1'

Bending XY 'Shaft 1', Bending YZ 'Shaft 1'
Bending XY 'Shaft 1', Bending YZ 'Shaft 1'
Torsion 'Shaft 1'



0.

0.
-0.
-0.
-0.

-0
-0

-0.
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0
0
0.
0
0

Normalized rotation
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.000
.900
.800
700
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.500
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.400
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Figure: Eigenfrequencies (Normalized displacement)
Normalized displacement
l T Ll 1
0.000 20.000 1080.000

Figure: Eigenfrequencies (Normalized rotation)
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’ 360,000

Axial direction Y [mm]
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Components - X-component
Components - Y-component

Components - Z-component

Components - X-component
Components - Y-component

Components - Z-component



Normalized displacement

0.

0.
-0.
-0.
-0.

-0
-0

-0.

C OO0 COoC OO0 oo

0
0
0.
0
0

300
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.100
.050
000
050
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.100
.000
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.500
.400
.300
.200
.100
.000
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.400

360,000

0.000 20.000 1080.000
Axial direction Y [mm]
Figure: Eigenfrequencies (Normalized rotation)
Normalized rotation
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— ///
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1080.000
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Figure: Eigenfrequencies (Normalized displacement)
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Components - X-component
Components - Y-component

Components - Z-component

Components - X-component
Components - Y-component

Components - Z-component



Strength calculation as specified in

DIN 743:2012
Summary
Label Shaft 1
Drawing OL 232 969
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 80.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.61 0.88 0.82 7.95 36.23
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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SA
33.71

1.20



Utilization [%]
22.000

20.000
18.000
16.000
14.000
12.000
10.000
.000
.000
.000
.000

(=T

........ I g_mmm
000 O.LOJ| r 5&6‘00 r 20‘000 I

Axial direction Y [1mom]

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing OL 232 969
Length (mm)

Speed (1/min)

Material 18CrNiMo7-6

1
1080.000

Ul
(n]

Material type Case-carburized steel

Material treatment case-hardened
Surface treatment No

Load factor static calculation
Load factor endurance limit

Reference diameter material (mm)

sigB according DIN 743 (at dB) (N/mm?)

sigS according DIN 743 (at dB) (N/mm?)

[sigzdW] (bei dB) (N/mm?)

[sigbW] (bei dB) (N/mm?)

[tautW] (bei dB) (N/mm?)

Thickness of raw material (mm)

Material data calculated according DIN743/3 with K1

Utilization - static

Utilization - endurance

935.00
800.00

KISSsoFT
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Tension/Compression Bending Torsion Shearing

1.700
1.000

[dB]
[sigB]
[sigS]

[dWerkst]
(d)

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter

[sigBeff] (N/mm?)

10/12

1.700
1.000

16.00
1200.00
850.00
480.00
600.00
360.00
290.00

807.42

1.700
1.000

1.700
1.000



[sigSeff] (N/mm?)
[sigbF] (N/mm?)
[tautF] (N/mm?)
[sigBRand] (N/mm?)

[sigzdW] (N/mm2)
[sigbW] (N/mm2)
[tautW] (N/mm?)

Endurance limit for single stage use

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

Cross section 'A-A’ Shoulder
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

[D, r, t] (mm)

Mean roughness (um)

Shoulder
130.000

Stress: (N) (Nm)

[yl
[da]
[di]

1.000
[RZ]

571.92
629.11
363.22
2300.00

322.97
403.71
242.23

80.00
109.200
0.000

0.000

8.000
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Tension/Compression Bending Torsion Shearing

0.0 0.0
1817.4 0.0
3089.6 0.0

127840.3 255680.6

0.000
14.216
24167

0.000
0.000
0.000

0.0
45433.7
77237.3

9365.6

0.000
6.468
10.996

Tension/Compression Bending Torsion

Mean value -10518.3
Amplitude 10518.3
Maximum value -35762.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9365.6
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -1.123
[sigzda, sigba, taua, tauga] (N/mm?) 1.123
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -3.818
Technological size influence [K1(sigB)] 0.673

[K1(sigS)] 0.673
Stress concentration factor [alfa] 3.816
References stress slope [G1 2.454
Notch sensitivity factor n [n] 1.313
Notch effect coefficient [beta] 2.907
Geometrical size influence [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.880
Influence coefficient surface strengthening

[KV] 1.000
Total influence coefficient [K] 3.044
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK] 106.089
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3.426
2.454
1.313
2.610
0.821

0.880

1.000

3.315

1.123
0.648
121.772

2.199
1.150
1.214
1.811
0.821

0.931

1.000
2.280

106.226



Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

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

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[PsisigK] 0.070
[sigADK] 114.113
[S]

[Smin]

[S/Smin]

[K2F] 1.000
[gammaF] 1.150
[sigFK] 657.709
[S]

[Smin]

[S/Smin]

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

0.082
122.562
7.947
1.200
662.3

1.100
1.150
723.480
36.234
1.200
2809.4

33.713
1.200
2809.4

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

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..
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0.070

106.226

1.100
1.000

363.218

End of Report

lines: 418
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KISSsoft Release 03/2013

KISSsoft evaluation

File
Name : Hridel_|_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:48:04
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing OL 232 969
Initial position (mm) 0.000
Length (mm) 776.000
Speed (1/min) 800.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 121.345
Mass moment of inertia (kg*m?) 0.841
Momentum of mass GD2 (Nm?) 33.015

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
Regard gears as masses and stiffness
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Reference temperature (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...76.00 (mm)
d=110.00 (mm), I=76.00 (mm), Rz= 4.8

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

Cylinder (Cylinder) y=76.00...80.00 (mm)
d=109.20 (mm), I=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=80.00...89.00 (mm)
d=130.00 (mm), I=9.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Radius right (Radius right)
r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=89.00...157.00 (mm)
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d=285.00 (mm), 1=68.00 (mm), Rz= 4.8

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

Cylinder (Cylinder)

y=157.00...

KISSsoFT
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161.00 (mm)

d=161.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=161.00...

251.00 (mm)

d=162.00 (mm), 1=90.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=251.00...

453.00 (mm)

d=135.00 (mm), 1=202.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=453.00...

511.00 (mm)

d=230.00 (mm), 1=58.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=511.00...

613.00 (mm)

d=135.00 (mm), 1=102.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=613.00...

622.00 (mm)

d=130.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 622.00...

626.00 (mm)

d=109.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 626.00...

776.00 (mm)

d=110.00 (mm), 1=150.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)

1=2.00 (mm), alpha=45.00 (°)

Inner contour

Forces

Cylindrical gear (Kolo_1)

y=352.00 (mm)
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Operating pitch diameter (mm) 144.3617

Helix angle °) 14.2019 left
Working pressure angle at normal section(°) 22.0888
Position of contact point (®) 180.0000
Length of load application (mm) 202.0000

Axial force (Load spectrum) (N) -21036.69/-14725.68

Shearing force X (Load spectrum)(N)
Shearing force Z (Load spectrum)(N)

34798.01/24358.61
-83124.54/-58187.18

Bending moment X (Load spectrum)(N) 0.00/0.00
Bending moment Z (Load spectrum)(N) 1518.45/1062.91
load spectrum,driving (Output):
Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 800.0 -502.7 -6000.0
2 80.0000 800.0 -351.9 -4200.0
Hypoid gear (Kolo K2) y=482.50 (mm)
Operating pitch diameter (mm) 287.0000
Helix angle °) 30.0000 right
Half angle of cone (°) 45.0000 Tip to the left
Working pressure angle at normal section(°) 20.0000
Position of contact point (®) 0.0000
Face width (mm) 82.0000
Axial force (Load spectrum) (N) -3070.81/-2149.57
Shearing force X (Load spectrum)(N) -31068.42/-21747.90
Shearing force Z (Load spectrum)(N) -41811.85/-29268.29
Bending moment X (Load spectrum)(N) 0.00/0.00

Bending moment Z (Load spectrum)(N)
load spectrum,driven (Input):

-440.66/-308.46

Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 800.0 502.7 6000.0
2 80.0000 800.0 351.9 4200.0
Bearing

Spherical roller bearings SKF *22322E (SKF*22320EJA levé)

y=40.00 (mm)

Free bearing

d = 110.000 (mm), D = 240.000 (mm), B = 80.000 (mm), r = 3.000 (mm)
C =950.000 (kN), CO = 1120.000 (kN), Cu = 100.000 (kN)

Bearing clearance DIN 620:1988 CO (97.50 pm)

Taper roller bearing (paired) (O,TDO) Koyo 46T30322JR/93 (SKF 31322 XJ2 prave) y= 681.00 (mm)
Fixed bearing

d =110.000 (mm), D = 240.000 (mm), B = 118.000 (mm), r = 3.000 (mm)

C =824.000 (kN), CO = 1180.000 (kN), Cu = 0.000 (kN)

Shaft 'Shaft 1": Cylindrical gear 'Kolo_1' (y=
El (y= 251.0000 (mm)): 3358707.5696 (Nm_), El (y=
(kg)

Jp: 0.0159 (kg*m,), Jxx:

352.0000 (mm)) is taken into account as component of the shaft.
453.0000 (mm)): 3358707.5696 (Nm_), m (yS=

0.0190 (kg*m ), Jzz: 0.0190 (kg*m,)
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Shaft 'Shaft 1": Bevel gear 'Kolo_K2' (y=
El (y= 453.5086 (mm)): 28297525.7083 (Nm,), El (y=

(kg)
Jp: 0.1823 (kg*m,), Jxx:

Shaft 'Shaft 1": Bevel gear 'Kolo_K2' (y=
El (y=  511.0000 (mm)): 3358707.5696 (Nm_), El (y=

(kg)
Jp: 0.0036 (kg*m,), Jxx:

0.0938 (kg*m,), Jzz:

0.0018 (kg*m,), Jzz:

0.0938 (kg*m)

0.0018 (kg*m,)
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482.2543 (mm)) is taken into account as component of the shaft.
511.0000 (mm)): 28297525.7083 (Nm ), m (yS=

511.2457 (mm)) is taken into account as component of the shaft.
511.4914 (mm)): 3358707.5696 (Nm_), m (yS=

487.6150 (mm)):

511.2457 (mm)):

maximum deflection

Center of mass

159.44  pm (Shaft1, 352.00 (mm))

Shaft 1 326.9 mm
Deformation due to torsion

Shaft 1 [phi.t] 0.01 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'SKF*22320EJA_levé'

Position (Y-coordinate) [yl 40.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 54411534 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 19.59

Bearing reaction force

Fx (kN) Fy (kN)
1 -9.921 0.000
2 -6.945 0.000

Displacement of bearing

ux (mm) uy (mm)
1 0.0089 -0.0124
2 0.0088 -0.0117

Bearing reaction moment

Fz (kN) Mx (Nm) My (Nm)
56.319 0.000 0.000
39.635 0.000 0.000

Misalignment of bearing

uz (mm) ux (mrad) uy (mrad)
-0.0479 -0.465 -0.000
-0.0479 -0.304 -0.000

Shaft 'Shaft 1' Rolling bearing 'SKF_31322 XJ2 prave'

Position (Y-coordinate) [yl 681.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 30896.52 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 10.15

Bearing reaction force
Fx (kN) Fy (kN)
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Bearing reaction moment
Fz (kN) Mx (Nm) My (Nm)

Mz (Nm)
0.000
0.000

uz (mrad)
-0.033
-0.019

Mz (Nm)

10.5197

0.2472



N

Figure: Displacement (bending etc.) (Arbitrary plane -85.21592805 °)
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6.191 24107 69.947
4.334 16.875 49.150

Displacement of bearing

ux (mm) uy (mm) uz (mm)
-0.0000 -0.0100 -0.0000
-0.0000 -0.0100 -0.0000

Displacement [mm]
.180

0
0.150
0.120
0.090
0
0
0

.060
.030
.000
-0.030
-0.060
-0.090
-0.120

-0.150

0.000
0.000
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Misalignment of bearing
ux (mrad)
0.735
0.538

-0.180

A

ool

T ™
320,000 | 64
Axial directfion

Stress [N/mm?]
70.000

63.000
56.000
49.000
42.000
35.000
28.000
21.000
14.000

N

T T 1
.000 I 960.000
[rom]

0.000 0.000
0.000 0.000
uy (mrad) uz (mrad)
0.183 0.018
0.128 0.017

-

(=

.000

320.000 1 64

0.000I

.000 960.000

Axial direction Y [mm]

Components - Y-component

Components - Arbitrary plane

Equivalent stress (GEH)
Equivalent stress (SSH)
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GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)*2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Label Shaft 1

Drawing OL 232 969
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of service strength and static strength
Woehler line (S-N curve) according Miner elementary
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 80.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.61 0.88 0.82 6.81 23.81
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]

8/11
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SA
22.09

1.20
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Utilization [%]
36.000
33.000
30.000
27.000
24.000
21.000
18.000
15.000
12.000
.000
.000
.000
.000

Utilization - static

Utilization - endurance

c w o w

. l.)00I

(=

—r* T — T d
: I
nBR e §29400 90-000

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing OL 232 969
Length (mm) [ 776.00
Speed (1/min) [n] 800.00
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 1200.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 850.00
[sigzdW] (bei dB) (N/mm?) 480.00
[sigbW] (bei dB) (N/mm?) 600.00
[tautW] (bei dB) (N/mm?) 360.00
Thickness of raw material (mm) [dWerkst] 290.00

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

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter

[sigBeff] (N/mm?) 807.42
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[sigSeff] (N/mm?) 571.92
[sigbF] (N/mm?) 629.11
[tautF] (N/mm?) 363.22
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 322.97
[sigbW] (N/mm?) 403.71
[tautW] (N/mm?) 24223

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 2400.00
Number of load cycles (Mio) [NL] 115.200
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 15 25
[kDsigma, kDtau] 0 0
[NDsigma, NDtau] 1e+006 1e+006
[NDsigmall, NDtaull] 0 0
[DM] 0.3

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 80.00
External diameter (mm) [da] 109.200
Inner diameter (mm) [di] 0.000
Notch effect Shoulder

[D, r, t] (mm) 130.000 1.000 0.000

Mean roughness (um) [Rz] 8.000

KISSsoFT

Cakulabon programs for meching derign

Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value 0.0 0.0 -0.0
Amplitude 0.0 2285.1 0.0
Maximum value 0.0 3884.7 0.0
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 9365.6 127840.3 255680.6

Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 20.00 0.000 2285.145 -0.000 57129.560

2 80.00 0.000 1607.261 -0.000 40182.462

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 -0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 17.875 0.000
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) 0.000 30.387 0.000
Technological size influence [K1(sigB)] 0.673

[K1(sigS)] 0.673

0.0
57129.6
97120.3

9365.6

0.000
8.133
13.827

Tension/Compression Bending Torsion
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Stress concentration factor
References stress slope
Notch sensitivity factor n
Notch effect coefficient
Geometrical size influence

Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

[alfa]
[G]
[n]
[beta]
[K2(d)]

[KF]

[KV]
(K]

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Load spectrum factor

Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[sigmV]
[taumV]
[sigWK]

[PsisigK]
[sigADK]
[sigANK]
[fKoll]
[S]
[Smin]
[S/Smin]

[K2F]
[gammaF]
[sigFK]

[S]
[Smin]
[S/Smin]

3.816
2.454
1.313
2.907
1.000

0.880

1.000
3.044

106.089

0.070
106.089
106.089

1.000

1.000
1.150
657.709

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

3.426
2.454
1.313
2.610
0.821

0.880

1.000
3.315

0.000
0.000
121.772

0.082
121.772
121.772

1.000
6.812
1.200

567.7

1.100
1.150
723.480
23.808
1.200
1841.1

22.093
1.200
1841.1

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

- Cross section with interference fit:

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

2.199
1.150
1.214
1.811
0.821

0.931

1.000
2.280

106.226

0.070
106.226
106.226

1.000

1.100
1.000
363.218

KISSsoFT

Cal

culabon pregmame for machina deasign

End of Report

lines: 437
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KISSsoft Release 03/2013

KISSsoft evaluation

File
Name : Hridel_I_2_stavy
Changed by: karlova am: 02.05.2014 um: 10:55:00
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing OL 232 969
Initial position (mm) 0.000
Length (mm) 776.000
Speed (1/min) 800.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 121.345
Mass moment of inertia (kg*m?) 0.841
Momentum of mass GD2 (Nm?) 33.015

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
Regard gears as masses and stiffness
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered
Reference temperature (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...76.00 (mm)
d=110.00 (mm), I=76.00 (mm), Rz= 4.8

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

Cylinder (Cylinder) y=76.00...80.00 (mm)
d=109.20 (mm), I=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=80.00...89.00 (mm)
d=130.00 (mm), I=9.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Radius right (Radius right)
r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=89.00...157.00 (mm)
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d=285.00 (mm), 1=68.00 (mm), Rz= 4.8

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

Cylinder (Cylinder)

y=157.00...

KISSsoFT
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161.00 (mm)

d=161.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=161.00...

251.00 (mm)

d=162.00 (mm), 1=90.00 (mm), Rz= 4.8

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=251.00...

453.00 (mm)

d=135.00 (mm), 1=202.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=453.00...

511.00 (mm)

d=230.00 (mm), 1=58.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=511.00...

613.00 (mm)

d=135.00 (mm), 1=102.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=613.00...

622.00 (mm)

d=130.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 622.00...

626.00 (mm)

d=109.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 626.00...

776.00 (mm)

d=110.00 (mm), 1=150.00 (mm), Rz= 4.8

Chamfer right (Chamfer right)

1=2.00 (mm), alpha=45.00 (°)

Inner contour

Forces

Cylindrical gear (Kolo_1)

y=352.00 (mm)
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Operating pitch diameter (mm) 144.3617

Helix angle °) 14.2019 left

Working pressure angle at normal section(°) 22.0888

Position of contact point (®) 180.0000

Length of load application (mm) 202.0000

Power (kW) 502.6548 driving (Output)
Torque (Nm) -6000.0000

Axial force (N) -21036.6866

Shearing force X (N) 34798.0129

Shearing force Z (N) -83124.5394

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 1518.4459

Hypoid gear (Kolo K2) y=482.50 (mm)
Operating pitch diameter (mm) 287.0000

Helix angle °) 30.0000 right

Half angle of cone (°) 45.0000 Tip to the left
Working pressure angle at normal section(°) 20.0000

Position of contact point (®) 0.0000

Face width (mm) 82.0000

Power (kW) 502.6548 driven (Input)
Torque (Nm) 6000.0000

Axial force (N) -3070.8072

Shearing force X (N) -31068.4226

Shearing force Z (N) -41811.8467

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) -440.6608

Bearing

Spherical roller bearings SKF *22322E (SKF*22320EJA levé) y=40.00 (mm)

Free bearing

d =110.000 (mm), D = 240.000 (mm), B = 80.000 (mm), r = 3.000 (mm)

C =950.000 (kN), CO = 1120.000 (kN), Cu = 100.000 (kN)

Bearing clearance DIN 620:1988 CO (97.50 pm)

Taper roller bearing (paired) (O,TDO) Koyo 46T30322JR/93 (SKF 31322 XJ2 prave) y= 681.00 (mm)
Fixed bearing

d =110.000 (mm), D = 240.000 (mm), B = 118.000 (mm), r = 3.000 (mm)

C =824.000 (kN), CO = 1180.000 (kN), Cu = 0.000 (kN)

Shaft 'Shaft 1": Cylindrical gear 'Kolo_1' (y= 352.0000 (mm)) is taken into account as component of the shaft.

El (y= 251.0000 (mm)): 3358707.5696 (Nm ), El (y=  453.0000 (mm)): 3358707.5696 (Nm_), m (yS= 352.0000 (mm)): 3.2488
(kg)

Jp: 0.0159 (kg*m.), Jxx: 0.0190 (kg*m,), Jzz: 0.0190 (kg*m,)

Shaft 'Shaft 1": Bevel gear 'Kolo_K2' (y= 482.2543 (mm)) is taken into account as component of the shaft.

El (y= 453.5086 (mm)): 28297525.7083 (Nm,), EI (y= 511.0000 (mm)): 28297525.7083 (Nm_), m (yS= 487.6150 (mm)): 10.5197
(kg)

Jp: 0.1823 (kg*m,), Jxx: 0.0938 (kg*m ), Jzz: 0.0938 (kg*m,)

4/13



Shaft 'Shaft 1": Bevel gear 'Kolo_K2' (y=
511.0000 (mm)): 3358707.5696 (Nm ), El (y=

El (y=
(kg)

Jp: 0.0036 (kg*m), Jxx:

0.0018 (kg*m ), Jzz:

KISSsoFT
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511.2457 (mm)) is taken into account as component of the shaft.
511.4914 (mm)): 3358707.5696 (Nm ), m (yS=

0.0018 (kg*m)

352.00 (mm))

maximum deflection 159.44 um (Shaft 1,
Center of mass

Shaft 1 326.9 mm
Deformation due to torsion

Shaft 1 [phi.t] 0.01 °

Probability of failure [n] 10.00 %

Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'SKF*22320EJA_levé'

Position (Y-coordinate)
Equivalent load
Equivalent load

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Qil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaft 1' Rolling bearing 'SKF_31322 XJ2 prave'

Position (Y-coordinate)
Equivalent load
Equivalent load

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force

5/13

Iyl 40.00
[P] 57.19
[PO] 57.19
[Lnh] 243709.67
[nu] 48.88
[nu1] 0.00
[SO0] 19.59
[Fx] -9.921

[Fy] 0.000
[Fz] 56.319
[Fr] 57.186
[H] 103.750
[Mloss] 11.614
[Ploss] 973.004
[ux] 0.009
[uy] -0.012

[uz] -0.048

[ur] 0.049
[rx] -0.465

[ry] -0.000

[rz] -0.033

[rr] 0.466
Iyl 681.00
[P] 117.47
[PO] 116.27
[Lnh] 13763.95
[nu] 48.88
[nu1] 0.00
[SO0] 10.15
[Fx] 6.191

1.000

mm
kN
kN

h
mm /s
mm /s

kN

kN

kN

kN (99.99°)
mm

Nm

w

mm (-79.47°)

mrad (-1.6")

mrad (0")

mrad (-0.11")
(

mrad (1.6")

mm
kN
kN

1.000

h
mm /s
mm /s

kN

511.2457 (mm)):

0.2472



Bearing reaction force
Bearing reaction force
Bearing reaction force
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Displacement [mm]

0.180
0.150
0.120
0.090
0.060
0.030
0.000
-0.030
-0.060
-0.090
-0.120
-0.150

[Fy]
[Fz]
[Fr]

[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]
[rx]

[ry]
[rZ]

[rr]

24107
69.947
70.221
103.750
23.811
1994.805
-0.000
-0.010
-0.000
0.000
0.735
0.183
0.018
0.735

KISSsoFT

Cakulabon programs for meching derign

kN

kN

kN (84.94°)
mm

Nm

w

mrad
mrad
mrad
mrad

2.53")
0.63")
0.06')

(
(
(
(2.53)

Components - Y-component

Components - Arbitrary plane

-0.180

A

ool

320,000
Axial dire

960.000

Figure: Displacement (bending etc.) (Arbitrary plane -85.21592805 °)
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Stress [N/mm?]
70.000

Equivalent stress (GEH)
63.000

Equivalent stress (SSH)
56.000
49.000
42.000
35.000
28.000
21.000

14.000

N

s |
T T I 1

320.000 | 640.000 960.000
Axial direction Y [mm]

(=

.000

0.000I

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

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.00 Hz, Critical speed: 0.03 1/min  Rigid body rotation Y 'Shaft 1'

2. Eigenfrequency: 579.37 Hz, Critical speed: 34762.39 1/min  Bending YZ 'Shaft 1', Bending XY 'Shaft 1'
3. Eigenfrequency: 1291.11 Hz, Critical speed: 77466.59 1/min  Torsion 'Shaft 1'

4. Eigenfrequency: 1458.67 Hz, Critical speed: 87520.42 1/min  Axial 'Shaft 1'

Normalized rotation
1.200

Components - X-component
.000

.800

Components - Y-component

Components - Z-component

.400

1

0
0.600
0
0.200
0

.000
-0.200
-0.400
-0.600

-0.800

-1.000 — — : I, .
320.000 ‘| 640.000 960.000
Axial direction Y [mm]

0.000'
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Figure: Eigenfrequencies (Normalized displacement)

Normalized displacement
1.000

.900
.800
.700
.600
.500
.400
.300
200
.100
.000
.100
.200

Components - X-component
Components - Y-component

Components - Z-component

©c © O 0o oo oo o o o o o

AN

T — T~ T T
OOI 320,000 ‘|, 640.000 | 960.000
Axial direction [mm]

Figure: Eigenfrequencies (Normalized rotation)

Normalized rotation
.200

Components - X-component

-000 — ~  Components - Y-component

-800 Components - Z-component
.600
.400

.200

c © ©o ©o KB B

-0.200
-0.400

Tnnnnnnnnm
N

-1.000 T

e T T T 1
320.000 ‘| 640.000 l 960.000
Axial direction Y [mm]

0.000'

Figure: Eigenfrequencies (Normalized displacement)
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Normalized displacement

©c © O 0o oo oo o o o o o

1.
.900
.800
.700
.600
.500
.400
.300
.200
.100
.000
.100
.200

000
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xial dire

Figure: Eigenfrequencies (Normalized rotation)
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Strength calculation as specified in

DIN 743:2012
Summary
Label Shaft 1
Drawing OL 232 969
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 80.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.61 0.88 0.82 6.81 23.81
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Utilization [%]
36.000
33.000
30.000
27.000
24.000
21.000
18.000
15.000
12.000
.000
.000
.000
.000

Utilization - static

Utilization - endurance

c w o w

. l.)00I

(=

—r* T — T d
: I
nBR e §29400 90-000

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing OL 232 969
Length (mm) [ 776.00
Speed (1/min) [n] 800.00
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 1200.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 850.00
[sigzdW] (bei dB) (N/mm?) 480.00
[sigbW] (bei dB) (N/mm?) 600.00
[tautW] (bei dB) (N/mm?) 360.00
Thickness of raw material (mm) [dWerkst] 290.00

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

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter

[sigBeff] (N/mm?) 807.42
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[sigSeff] (N/mm?)
[sigbF] (N/mm?)
[tautF] (N/mm?)
[sigBRand] (N/mm?)

[sigzdW] (N/mm2)
[sigbW] (N/mm2)
[tautW] (N/mm?)

Endurance limit for single stage use

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

Cross section 'A-A’ Shoulder
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

[D, r, t] (mm)

Mean roughness (um)

Shoulder
130.000

Stress: (N) (Nm)

[yl
[da]
[di]

1.000
[RZ]

571.92
629.11
363.22
2300.00

322.97
403.71
242.23

80.00
109.200
0.000

0.000

8.000
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Tension/Compression Bending Torsion Shearing

0.0 0.0
2285.1 0.0
3884.7 0.0

127840.3 255680.6

0.000
17.875
30.387

0.000
0.000
0.000

0.0
57129.6
97120.3

9365.6

0.000
8.133
13.827

Tension/Compression Bending Torsion

Mean value -0.0
Amplitude 0.0
Maximum value -0.0
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9365.6
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -0.000
Technological size influence [K1(sigB)] 0.673

[K1(sigS)] 0.673
Stress concentration factor [alfa] 3.816
References stress slope [G1 2.454
Notch sensitivity factor n [n] 1.313
Notch effect coefficient [beta] 2.907
Geometrical size influence [K2(d)] 1.000
Influence coefficient surface roughness

[KF] 0.880
Influence coefficient surface strengthening

[KV] 1.000
Total influence coefficient [K] 3.044
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK] 106.089
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3.426
2.454
1.313
2.610
0.821

0.880

1.000

3.315

0.000
0.000
121.772

2.199
1.150
1.214
1.811
0.821

0.931

1.000
2.280

106.226



Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

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

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

[PsisigK] 0.070
[sigADK] 106.089
[S]

[Smin]

[S/Smin]

[K2F] 1.000
[gammaF] 1.150
[sigFK] 657.709
[S]

[Smin]

[S/Smin]

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Remarks:

[S]
[Smin]
[S/Smin]

0.082
121.772
6.812
1.200
567.7

1.100
1.150
723.480
23.809
1.200
1841.1

22.093
1.200
1841.1

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

- Cross section with interference fit:

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

KISSsoFT
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0.070

106.226

1.100
1.000

363.218

End of Report

lines: 437
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hfidel_ll_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:51:13

Important hint: At least one warning has occurred during the calculation:
1-> The speed is 0! ('SKF 61836')

2-> The required service life of bearing 'Rolling bearing 'Spoj. SKF 61836 levé' is not achieved!
The static margin of safety is low (in range 0.5 - 2.0).

Please check whether these values are acceptable or not.

3-> The speed is 0! ('SKF 61836')

4-> The required service life of bearing 'Rolling bearing 'Spoj. SKF 61836 pravé' is not achieved!
The static margin of safety is low (in range 0.5 - 2.0).

Please check whether these values are acceptable or not.

5-> The speed is 0! ('SKF 61832')

6-> Rolling bearing 'Spoj. SKF 61832 levé:

The minimal load of the bearing is not achieved!

P= 0.3 kN, Pmind = 0.5 kN, Condition: P/C >  1.000 %)

7-> The required service life of bearing 'Rolling bearing 'Spoj. SKF 61832 levé' is not achieved!
8-> The speed is 0! ('SKF 61832')

9-> Rolling bearing 'Spoj. SKF 61832 pravé:

The minimal load of the bearing is not achieved!

P= 0.0 kN, Pmind = 0.5 kN, Condition: P/C >  1.000 %)

10-> The required service life of bearing 'Rolling bearing 'Spoj. SKF 61832 pravé' is not achieved!

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft
Drawing OL 232 959
Initial position (mm) 0.000
Length (mm) 760.000
Speed (1/min) 212.50

Sense of rotation: counter clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
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Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: counter clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

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

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: counter clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

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

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Position in space (°)

Consider deformations due to shearing

Shear correction coefficient

Contact angle of rolling bearings is considered
Reference temperature (°C)

11.500
20.000
134.349
0.488
19.158

Shaft 2 (Zastupce kola 2)
Ozubené kolo 2 (OL 232 960)
284.500
155.000
212.50

18CrNiMo7-6
206000.000
0.300
7830.000
11.500
20.000
131.248
4.438
174.145

Shaft 3 (zastupce kola 4)
ozubené kolo 4 (OL232 961)
531.500
109.500
212.50

18CrNiMo7-6
206000.000
0.300
7830.000
11.500
20.000
34.825
0.547
21.445

0.000

1.100

20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft)

Outer contour

Cylinder (Cylinder)

KISSsoFT

Cakulabon programs for meching derign

y=0.00...109.00 (mm)

d=160.00 (mm), 1=109.00 (mm), Rz= 8.0

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

Cylinder (Cylinder)

y=109.00...

403.50 (mm)

d=180.00 (mm), 1=294.50 (mm), Rz= 8.0

Square groove (Square groove)
b=4.15 (mm), t=2.50 (mm), r=0.50 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=22.00 (mm), alpha=25.00 (°)

Cylinder (Cylinder)

y= 370.28...

y=403.50...

374.43 (mm)

418.50 (mm)

d=158.00 (mm), 1=15.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=418.50...

570.00 (mm)

d=168.00 (mm), 1=151.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y=570.00...

760.00 (mm)

3/12



KISSsoFT

Cakulabon programs for meching derign

d=160.00 (mm), 1=190.00 (mm), Rz= 8.0

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

Inner contour

Forces

Cylindrical gear (Cylindrical gear 5 (OL232 959)) y=202.50 (mm)
Operating pitch diameter (mm) 199.4521

Helix angle °) 14.0000 right
Working pressure angle at normal section(®) 25.0000
Position of contact point (®) 180.0000

Length of load application (mm) 160.0000

Axial force (Load spectrum) (N) -56473.52/-39531.46
Shearing force X (Load spectrum)(N) 108853.45/76197.41
Shearing force Z (Load spectrum)(N) 226502.90/158552.03
Bending moment X (Load spectrum)(N) 0.00/0.00

Bending moment Z (Load spectrum)(N) 5631.88/3942.32

load spectrum,driving (Output):
Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)

1 20.0000 -212.5 -502.7 22588.2
2 80.0000 -212.5 -351.9 15811.8
Bearing
Spherical roller bearings SKF *24132CC/W33 (SKF*24132CC levé) y=54.50 (mm)

Set fixed bearing left

d =160.000 (mm), D = 270.000 (mm), B = 109.000 (mm), r = 2.100 (mm)

C =1180.000 (kN), CO = 1760.000 (kN), Cu = 163.000 (kN)

Bearing clearance DIN 620:1988 CO (140.00 pm)

Spherical roller bearings SKF *24132CC/W33 (SKF*24132CC pravé) y=703.50 (mm)
Set fixed bearing right

d =160.000 (mm), D = 270.000 (mm), B = 109.000 (mm), r = 2.100 (mm)

C =1180.000 (kN), CO = 1760.000 (kN), Cu = 163.000 (kN)

Bearing clearance DIN 620:1988 CO (140.00 pm)

SHAFT DEFINITION (Shaft 2 (Zastupce kola 2))

Outer contour

Cylinder (Cylinder) y=0.00...120.00 (mm)
d=460.00 (mm), 1=120.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=120.00...155.00 (mm)
d=440.00 (mm), I=35.00 (mm), Rz= 8.0

Inner contour
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Cone inside (Conical bore)

KISSsoFT
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y=0.00...2.00 (mm)

d1=229.00 (mm), d2=225.00 (mm), 1=2.00 (mm)

Cylinder inside (Cylindrical bore)

y=2.00...27.85 (mm)

d=225.00 (mm), [=25.85 (mm)

Cylinder inside (Cylindrical bore)

y= 27.85...33.00 (mm)

d=236.00 (mm), [=5.15 (mm)

Cylinder inside (Cylindrical bore)

y=33.00...112.00 (mm)

d=225.00 (mm), I=79.00 (mm)

Cone inside (Conical bore)

y= 112.00...114.00 (mm)

d1=225.00 (mm), d2=229.00 (mm), 1=2.00 (mm)

Cylinder inside (Cylindrical bore)

y= 114.00...121.00 (mm)

d=360.00 (mm), 1=7.00 (mm)

Cylinder inside (Cylindrical bore)

y= 121.00...155.00 (mm)

d=348.00 (mm), 1=34.00 (mm)

Forces

Cylindrical gear (Cylindrical gear 2 (OL232 960))

y=60.00 (mm)

Operating pitch diameter (mm) 466.1728
Helix angle °) 13.0000 right
Working pressure angle at normal section(°) 20.0000
Position of contact point °) 0.0000
Length of load application (mm) 120.0000
Axial force (Load spectrum) (N) 22373.27/15661.29
Shearing force X (Load spectrum)(N) -36199.89/-25339.92
Shearing force Z (Load spectrum)(N) 96909.27/67836.49
Bending moment X (Load spectrum)(N) -0.00/-0.00
Bending moment Z (Load spectrum)(N) 5214.90/3650.43
load spectrum,driven (Input):
Element  Frequency (%) Speed (1/min) Power (kW)
1 20.0000 -212.5 502.7 -22588.2
2 80.0000 -212.5 351.9 -15811.8
Bearing

SHAFT DEFINITION (Shaft 3 (zastupce kola 4))

Outer contour

Cylinder (Cylinder)

Torque (Nm)

y=0.00...33.00 (mm)

d=300.00 (mm), 1=33.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 33.00...39.50 (mm)

d=275.00 (mm), 1=6.50 (mm), Rz= 8.0
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Cylinder (Cylinder) y=39.50...109.50 (mm)
d=298.54 (mm), I=70.00 (mm), Rz= 8.0

Inner contour

Cylinder inside (Cylindrical bore) y=0.00...37.50 (mm)
d=185.00 (mm), I=37.50 (mm)

Cone inside (Conical bore) y= 37.50...39.50 (mm)
d1=185.00 (mm), d2=189.00 (mm), 1=2.00 (mm)

Cylinder inside (Cylindrical bore) y=39.50...59.50 (mm)
d=200.00 (mm), 1=20.00 (mm)

Cone inside (Conical bore) y=59.50...60.50 (mm)
d1=192.00 (mm), d2=190.00 (mm), I=1.00 (mm)

Cylinder inside (Cylindrical bore) y= 60.50...88.50 (mm)
d=190.00 (mm), 1=28.00 (mm)

Cone inside (Conical bore) y= 88.50...89.50 (mm)
d1=190.00 (mm), d2=192.00 (mm), 1=1.00 (mm)

Cylinder inside (Cylindrical bore) y= 89.50...108.50 (mm)
d=200.00 (mm), I=19.00 (mm)

Cone inside (Conical bore) y=108.50...109.50 (mm)
d1=200.00 (mm), d2=202.00 (mm), 1=1.00 (mm)

Forces

Bearing

CONNECTIONS

Deep groove ball bearing (single row) SKF 61836 (Spoj. SKF 61836 levé) y= 301.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 2 (Zastupce kola 2)'

Set fixed bearing right

d = 180.000 (mm), D = 225.000 (mm), B = 22.000 (mm), r = 1.100 (mm)

C =62.400 (kN), CO = 81.500 (kN), Cu = 2.450 (kN)

Bearing clearance DIN 620:1988 CO (40.50 pm)

Deep groove ball bearing (single row) SKF 61836 (Spoj. SKF 61836 pravé) y= 359.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 2 (Zastupce kola 2)'

Set fixed bearing left

d = 180.000 (mm), D = 225.000 (mm), B = 22.000 (mm), r = 1.100 (mm)

C =62.400 (kN), CO = 81.500 (kN), Cu = 2.450 (kN)

Bearing clearance DIN 620:1988 CO (40.50 pm)

Deep groove ball bearing (single row) SKF 61832 (Spoj. SKF 61832 levé) y= 581.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 3 (zastupce kola 4)'
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Set fixed bearing right

d =160.000 (mm), D = 200.000 (mm), B =20.000 (mm), r = 1.100 (mm)

C =49.400 (kN), CO = 64.000 (kN), Cu = 2.000 (kN)

Bearing clearance DIN 620:1988 CO (35.50 ym)

Deep groove ball bearing (single row) SKF 61832 (Spoj. SKF 61832 pravé) y= 631.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 3 (zastupce kola 4)'

Set fixed bearing left

d =160.000 (mm), D = 200.000 (mm), B =20.000 (mm), r = 1.100 (mm)

C =49.400 (kN), CO = 64.000 (kN), Cu = 2.000 (kN)

Bearing clearance DIN 620:1988 CO (35.50 um)

Joint, general (Shaft - kolo 2): Shaft 'Shaft' <-> Shaft 'Shaft 2 (Zastupce kola 2)' y= 423.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

Joint, general (Shaft - kolo 4): Shaft 'Shaft' <-> Shaft 'Shaft 3 (zastupce kola 4)' y= 547.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 264.15 um (Shaft 2 (Zastupce kola 2), 439.50 (mm))

Center of mass

Shaft 370.7 mm
Shaft 2 (Zastupce kola 2) 80.7 mm
Shaft 3 (zastupce kola 4) 63.6 mm

Deformation due to torsion

Shaft [phi.t] -0.04 °
Shaft 2 (Zastupce kola 2) [phi.t] 0.00 °
Shaft 3 (zastupce kola 4) [phi.t] 0.00 °

Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um
Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft' Rolling bearing 'SKF*24132CC levé'

Position (Y-coordinate) [yl 54.50 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 17249.40 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 5.96

Bearing reaction force Bearing reaction moment

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

1 -80.719 34.100 -227.022 0.000 0.000 0.000
2 -56.503 23.870 -158.485 0.000 0.000 0.000

Displacement of bearing
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ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0240 -0.0100 0.0658 0.763 -0.000
2 0.0241 -0.0100 0.0657 0.534 0.000

Shaft 'Shaft' Rolling bearing 'SKF*24132CC pravé'

Position (Y-coordinate) [yl 703.50 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 82921597 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 18.77
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 8.065 0.000 -93.443 0.000 0.000
2 5.646 0.000 -64.956 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 -0.0051 -0.0104 0.0698 -0.648 -0.642
2 -0.0052 -0.0103 0.0698 -0.450 -0.450
Rolling bearing 'Spoj. SKF 61836 levé'
Position (Y-coordinate) [yl 301.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 0.00 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 0.97
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 80.862 0.000 24.082 0.000 0.000
2 56.604 0.000 16.814 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 -0.0193 -0.0103 -0.0062 0.028 0.376
2 -0.0193 -0.0102 -0.0062 -0.002 0.264
Rolling bearing 'Spoj. SKF 61836 pravé'
Position (Y-coordinate) [yl 359.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 0.00 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 0.59
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -117.062 22.373 71.540 0.000 0.000
2 -81.943 15.661 49.735 0.000 0.000

Displacement of bearing
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uz (mrad)
-0.030
-0.008

Mz (Nm)
0.000
0.000

uz (mrad)
0.038
0.040

Mz (Nm)
0.000
0.000

uz (mrad)
-0.705
-0.683

Mz (Nm)
0.000
0.000



ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0173 -0.0100 -0.0105 -0.153 0.215
2 0.0174 -0.0100 -0.0104 -0.128 0.150
Rolling bearing 'Spoj. SKF 61832 levé'
Position (Y-coordinate) [yl 581.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 0.00 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] > 100

Bearing reaction force Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 -0.000 0.000 -0.312 0.000 0.000
2 -0.000 0.000 -0.312 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0000 -0.0000 0.0177 0.102 0.000
2 0.0000 -0.0000 0.0177 0.071 0.000
Rolling bearing 'Spoj. SKF 61832 pravé'
Position (Y-coordinate) [yl 631.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 0.00 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] > 100

Bearing reaction force Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 0.000 0.000 -0.030 0.000 0.000
2 0.000 0.000 -0.030 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0002 0.0000 0.0177 0.033 0.000
2 0.0002 0.0000 0.0177 0.023 0.000
Bearing 'Joint, general (Shaft - kolo 2)’
Position (Y-coordinate) [yl 423.00 mm

Bearing reaction force Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 0.000 0.000 0.000 0.000 -22588.234
2 0.000 0.000 0.000 0.000 -15811.764
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0632 -0.0100 -0.0301 -0.360 0.000
2 0.0616 -0.0100 -0.0255 -0.273 0.000
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uz (mrad)
-0.703
-0.682

Mz (Nm)
0.000
0.000

uz (mrad)
0.006
0.003

Mz (Nm)
0.000
0.000

uz (mrad)
-0.000
-0.001

Mz (Nm)
0.000
0.000

uz (mrad)
-0.721
-0.694



Bearing 'Joint, general (Shaft - kolo 4)’

Position (Y-coordinate) [yl 547.00 mm
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000
Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
1 0.0001 -0.0000 0.0154 0.161 0.000
2 0.0001 -0.0000 0.0161 0.112 0.000

Displacement [mm]
.300

0
0.250
0.200
0.150
0
0
0

.100
.050
.000

-0.050

-0.100

-0.150

-0.200

-0.250

-0.300 — T T !

0.000 | 3201000 il 000 960.000
. Axial direction|Y| [mm]

Figure: Displacement (bending etc.) (Arbitrary plane -75.00424171 °)
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Mz (Nm)
0.000
0.000

uz (mrad)
0.011
0.007

Components - Y-component

Components - Arbitrary plane
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Stress [N/mm?]
110.000

100.000
90.000
80.000
70.000
60.000
50.000
40.000
30.000
20.000
10.000

0.000

-10.000

Equivalent stress (GEH)
Equivalent stress (SSH)

ANy

00 000 960.000

Y| [rm]

GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)"2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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End of Report lines: 468
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hfidel_ll_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:18:18

Important hint: At least one warning has occurred during the calculation:
1-> The required service life of bearing 'Shaft 'Shaft', Rolling bearing 'SKF*24132CC levé" is not achieved!

2-> The speed is 0! ('SKF 61836')

3-> The static margin of safety of bearing 'Rolling bearing 'Spoj. SKF 61836 levé' is low (in range 0.5 - 2.0).
Please check whether these values are acceptable or not.

4-> The speed is 0! ('SKF 61836')

5-> The static margin of safety of bearing 'Rolling bearing 'Spoj. SKF 61836 pravé' is low (in range 0.5 - 2.0).
Please check whether these values are acceptable or not.

6-> The speed is 0! ('SKF 61832')

7-> Rolling bearing 'Spoj. SKF 61832 levé:

The minimal load of the bearing is not achieved!

P= 0.3 kN, Pmind = 0.5 kN, Condition: P/C >  1.000 %)

8-> The speed is 0! ('SKF 61832')

9-> Rolling bearing 'Spoj. SKF 61832 pravé:

The minimal load of the bearing is not achieved!
P= 0.0 kN, Pmind = 0.5 kN, Condition: P/C >  1.000 %)

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft
Drawing OL 232 959
Initial position (mm) 0.000
Length (mm) 760.000
Speed (1/min) 212.50

Sense of rotation: counter clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 134.349
Mass moment of inertia (kg*m?) 0.488
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Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)

Sense of rotation: counter clockwise

Material

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

Specific weight (kg/m?)
Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)

Label

Drawing

Initial position (mm)
Length (mm)
Speed (1/min)

Sense of rotation: counter clockwise

Material

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

Specific weight (kg/m?)
Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)

Position in space (°)
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Cakulabon programs for meching derign

19.158

Shaft 2 (Zastupce kola 2)
Ozubené kolo 2 (OL 232 960)
284.500
155.000
212.50

18CrNiMo7-6
206000.000
0.300
7830.000
11.500
20.000
131.248
4.438
174.145

(107-6/K)

Shaft 3 (zastupce kola 4)
ozubené kolo 4 (OL232 961)
531.500
109.500
212.50

18CrNiMo7-6
206000.000
0.300
7830.000
11.500
20.000
34.825
0.547
21.445

(101-6/K)

0.000

Consider deformations due to shearing

Shear correction coefficient

1.100

Contact angle of rolling bearings is considered

Reference temperature (°C)

20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft)

Outer contour

Cylinder (Cylinder)

KISSsoFT
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y=0.00...109.00 (mm)

d=160.00 (mm), 1=109.00 (mm), Rz= 8.0

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

Cylinder (Cylinder)

y=109.00...

403.50 (mm)

d=180.00 (mm), 1=294.50 (mm), Rz= 8.0

Square groove (Square groove)
b=4.15 (mm), t=2.50 (mm), r=0.50 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=22.00 (mm), alpha=25.00 (°)

Cylinder (Cylinder)

y= 370.28...

y=403.50...

374.43 (mm)

418.50 (mm)

d=158.00 (mm), 1=15.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=418.50...

570.00 (mm)

d=168.00 (mm), 1=151.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y=570.00...

760.00 (mm)
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d=160.00 (mm), 1=190.00 (mm), Rz= 8.0

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

Inner contour

Forces

Cylindrical gear (Cylindrical gear 5 (OL232 959)) y= 202.50 (mm)
Operating pitch diameter (mm) 199.4521

Helix angle °) 14.0000 right

Working pressure angle at normal section(°) 25.0000

Position of contact point (®) 180.0000

Length of load application (mm) 160.0000

Power (kW) 502.6548 driving (Output)

Torque (Nm) 22588.2342

Axial force (N) -56473.5151

Shearing force X (N) 108853.4485

Shearing force Z (N) 226502.8978

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 5631.8793

Bearing

Spherical roller bearings SKF *24132CC/W33 (SKF*24132CC levé) y=54.50 (mm)

Set fixed bearing left

d =160.000 (mm), D = 270.000 (mm), B = 109.000 (mm), r = 2.100 (mm)

C =1180.000 (kN), CO = 1760.000 (kN), Cu = 163.000 (kN)

Bearing clearance DIN 620:1988 CO (140.00 pm)

Spherical roller bearings SKF *24132CC/W33 (SKF*24132CC pravé) y=703.50 (mm)
Set fixed bearing right

d =160.000 (mm), D = 270.000 (mm), B = 109.000 (mm), r = 2.100 (mm)

C =1180.000 (kN), CO = 1760.000 (kN), Cu = 163.000 (kN)

Bearing clearance DIN 620:1988 CO (140.00 pm)

SHAFT DEFINITION (Shaft 2 (Zastupce kola 2))

Outer contour

Cylinder (Cylinder) y=0.00...120.00 (mm)
d=460.00 (mm), 1=120.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=120.00...155.00 (mm)
d=440.00 (mm), I=35.00 (mm), Rz= 8.0

Inner contour

Cone inside (Conical bore) y=0.00...2.00 (mm)
d1=229.00 (mm), d2=225.00 (mm), 1=2.00 (mm)
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Cylinder inside (Cylindrical bore) y=2.00...27.85 (mm)
d=225.00 (mm), [=25.85 (mm)

Cylinder inside (Cylindrical bore) y=27.85...33.00 (mm)
d=236.00 (mm), [=5.15 (mm)

Cylinder inside (Cylindrical bore) y=33.00...112.00 (mm)
d=225.00 (mm), I=79.00 (mm)

Cone inside (Conical bore) y=112.00...114.00 (mm)
d1=225.00 (mm), d2=229.00 (mm), 1=2.00 (mm)

Cylinder inside (Cylindrical bore) y=114.00...121.00 (mm)
d=360.00 (mm), I=7.00 (mm)

Cylinder inside (Cylindrical bore) y=121.00...155.00 (mm)
d=348.00 (mm), 1=34.00 (mm)

Forces

Cylindrical gear (Cylindrical gear 2 (OL232 960)) y= 60.00 (mm)
Operating pitch diameter (mm) 466.1728

Helix angle °) 13.0000 right
Working pressure angle at normal section(°) 20.0000

Position of contact point °) 0.0000

Length of load application (mm) 120.0000

Power (kW) 502.6548  driven (Input)
Torque (Nm) -22588.2342

Axial force (N) 22373.2673

Shearing force X (N) -36199.8896

Shearing force Z (N) 96909.2674

Bending moment X (Nm) -0.0000

Bending moment Z (Nm) 5214.9048

Bearing

SHAFT DEFINITION (Shaft 3 (zastupce kola 4))

Outer contour

Cylinder (Cylinder) y=0.00...33.00 (mm)
d=300.00 (mm), I=33.00 (mm), Rz= 8.0

Cylinder (Cylinder) y=33.00...39.50 (mm)
d=275.00 (mm), I=6.50 (mm), Rz= 8.0

Cylinder (Cylinder) y=39.50...109.50 (mm)
d=298.54 (mm), I=70.00 (mm), Rz= 8.0

Inner contour
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Cylinder inside (Cylindrical bore) y=0.00...37.50 (mm)
d=185.00 (mm), 1=37.50 (mm)

Cone inside (Conical bore) y=37.50...39.50 (mm)
d1=185.00 (mm), d2=189.00 (mm), 1=2.00 (mm)

Cylinder inside (Cylindrical bore) y=39.50...59.50 (mm)
d=200.00 (mm), I=20.00 (mm)

Cone inside (Conical bore) y=59.50...60.50 (mm)
d1=192.00 (mm), d2=190.00 (mm), I=1.00 (mm)

Cylinder inside (Cylindrical bore) y=60.50...88.50 (mm)
d=190.00 (mm), I=28.00 (mm)

Cone inside (Conical bore) y= 88.50...89.50 (mm)
d1=190.00 (mm), d2=192.00 (mm), 1=1.00 (mm)

Cylinder inside (Cylindrical bore) y=89.50...108.50 (mm)
d=200.00 (mm), I=19.00 (mm)

Cone inside (Conical bore) y=108.50...109.50 (mm)
d1=200.00 (mm), d2=202.00 (mm), 1=1.00 (mm)

Forces

Bearing

CONNECTIONS

Deep groove ball bearing (single row) SKF 61836 (Spoj. SKF 61836 levé) y= 301.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 2 (Zastupce kola 2)'

Set fixed bearing right

d =180.000 (mm), D = 225.000 (mm), B =22.000 (mm), r = 1.100 (mm)

C =62.400 (kN), CO = 81.500 (kN), Cu = 2.450 (kN)

Bearing clearance DIN 620:1988 CO (40.50 pm)

Deep groove ball bearing (single row) SKF 61836 (Spoj. SKF 61836 pravé) y= 359.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 2 (Zastupce kola 2)'

Set fixed bearing left

d =180.000 (mm), D = 225.000 (mm), B =22.000 (mm), r = 1.100 (mm)

C =62.400 (kN), CO = 81.500 (kN), Cu = 2.450 (kN)

Bearing clearance DIN 620:1988 CO (40.50 pm)

Deep groove ball bearing (single row) SKF 61832 (Spoj. SKF 61832 levé) y= 581.00 (mm)
Shaft 'Shaft' <-> Shaft 'Shaft 3 (zastupce kola 4)'

Set fixed bearing right

d = 160.000 (mm), D = 200.000 (mm), B = 20.000 (mm), r = 1.100 (mm)

C =49.400 (kN), CO = 64.000 (kN), Cu = 2.000 (kN)

Bearing clearance DIN 620:1988 CO (35.50 um)

Deep groove ball bearing (single row) SKF 61832 (Spoj. SKF 61832 pravé) y= 631.00 (mm)
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Shaft 'Shaft' <-> Shaft 'Shaft 3 (zastupce kola 4)'

Set fixed bearing left

d =160.000 (mm), D = 200.000 (mm), B =20.000 (mm), r = 1.100 (mm)

C =49.400 (kN), CO = 64.000 (kN), Cu = 2.000 (kN)

Bearing clearance DIN 620:1988 CO (35.50 ym)

Joint, general (Shaft - kolo 2): Shaft 'Shaft' <-> Shaft 'Shaft 2 (Zastupce kola 2)' y= 423.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

Joint, general (Shaft - kolo 4): Shaft 'Shaft' <-> Shaft 'Shaft 3 (zastupce kola 4)' y= 547.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 264.15 um (Shaft 2 (Zastupce kola 2), 439.50 (mm))

Center of mass

Shaft 370.7 mm
Shaft 2 (Zastupce kola 2) 80.7 mm
Shaft 3 (zastupce kola 4) 63.6 mm

Deformation due to torsion

Shaft [phi.t] -0.04 °
Shaft 2 (Zastupce kola 2) [phi.i] 0.00 °
Shaft 3 (zastupce kola 4) [phi.t] 0.00 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft' Rolling bearing 'SKF*24132CC levé'

Position (Y-coordinate) [yl 54.50 mm
Equivalent load [P] 298.92 kN
Equivalent load [PO] 295.51 kN

Life modification factor for reliability[a1] 1.000

Service life [Lnh] 7625.46 h

Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s

static safety factor [SO] 5.96

Bearing reaction force [Fx] -80.719 kN

Bearing reaction force [Fy] 34.100 kN

Bearing reaction force [Fz] -227.022 kN

Bearing reaction force [Fr] 240.946 kN (-109.57°)
Oil level [H] 121.250 mm

Torque of friction [Mloss] 41.076 Nm

Power loss [Ploss] 914.070 W
Displacement of bearing [ux] 0.024 mm
Displacement of bearing [uy] -0.010 mm
Displacement of bearing [uz] 0.066 mm
Displacement of bearing [ur] 0.070 mm (69.93°)
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Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

[rx]
[ry]
[rz]

[rr]

Shaft 'Shaft' Rolling bearing 'SKF*24132CC pravé'

Position (Y-coordinate)
Equivalent load
Equivalent load

[yl
[P]
[PO]

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]

[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]

[rx]

[ry]

[rZ]

[rr]

Rolling bearing 'Spoj. SKF 61836 levé'

Position (Y-coordinate)
Equivalent load
Equivalent load

[yl
[P]
[PO]

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Rolling bearing 'Spoj. SKF 61836 pravé'

Position (Y-coordinate)

8/14

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[FZ]
[Fr]
[ux]
[uy]
[uz]
[ur]
[rx]
[ry]
[rz]

[rr]

[yl
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0.763 mrad (2.62')
-0.000 mrad (0")
-0.030 mrad (-0.1")
0.764 mrad (2.63")
703.50 mm
93.79 kN
93.79 kN
1.000
363274.29 h
48.88 mm /s
0.00 mm /s
18.77
8.065 kN
0.000 kN
-93.443 kN
93.790 kN (-85.07°)
121.250 mm
15.146 Nm
337.045 W
-0.005 mm
-0.010 mm
0.070 mm
0.070 mm (94.19°)
-0.648 mrad (-2.23")
-0.642 mrad (-2.21")
0.038 mrad (0.13")
0.649 mrad (2.23")
301.00 mm
84.37 kN
84.37 kN
1.000
> 1000000 h
48.88 mm /s
0.00 mm /s
0.97
80.862 kN
0.000 kN
24.082 kN
84.372 kN (16.58°)
-0.019 mm
-0.010 mm
-0.006 mm
0.020 mm (-162.17°)
0.028 mrad (0.1")
0.376 mrad (1.29")
-0.705 mrad (-2.42")
0.705 mrad (2.43')
359.00 mm



Equivalent load
Equivalent load

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Rolling bearing 'Spoj. SKF 61832 levé'

Position (Y-coordinate)
Equivalent load
Equivalent load

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Rolling bearing 'Spoj. SKF 61832 pravé'

Position (Y-coordinate)
Equivalent load
Equivalent load

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
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(Pl
[P0]

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[FZ]
[Fr]
[ux]
[uy]
[uz]
[ur]
[rx]
[ry]
[rz]

[rr]

[yl
[P]
[PO]

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[FZ]
[Fr]
[ux]
[uy]
[uz]
[ur]
[rx]
[ry]
[rz]

[rr]

[yl
[P]
[PO]

[Lnh]
[nu]
[nu1]
[S0]
[Fx]
[Fy]
[Fz]
[Fr]

137.19 kN
137.19 kN
1.000
> 1000000 h
48.88 mm /s
0.00 mm /s
0.59
-117.062 kN
22.373 kN
71.540 kN
137.191 kN (148.57°)
0.017 mm
-0.010 mm
-0.010 mm
0.020 mm (-31.22°)
-0.153 mrad (-0.52")
0.215 mrad (0.74")
-0.703 mrad (-2.42")
0.719 mrad (2.47")
581.00 mm
0.31 kN
0.31 kN
1.000
> 1000000 h
48.88 mm /s
0.00 mm /s
> 100
-0.000 kN
0.000 kN
-0.312 kN
0.312 kN (-90°)
0.000 mm
-0.000 mm
0.018 mm
0.018 mm (89.91°)
0.102 mrad (0.35')
0.000 mrad (0")
0.006 mrad (0.02")
0.102 mrad (0.35')
631.00 mm
0.03 kN
0.03 kN
1.000
> 1000000 h
48.88 mm /s
0.00 mm /s
> 100
0.000 kN
0.000 kN
-0.030 kN
0.030 kN (-90°)
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Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]

Bearing 'Joint, general (Shaft - kolo 2)'

Position (Y-coordinate) [yl

Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Bearing reaction moment [Mx]
Bearing reaction moment [My]
Bearing reaction moment [Mz]
Bearing reaction moment [Mr]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]

Misalignment of bearing [ry]

Misalignment of bearing [rZ]

Misalignment of bearing [rr]

Bearing 'Joint, general (Shaft - kolo 4)’

Position (Y-coordinate) [yl

Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rZ]
Misalignment of bearing [rr]
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0.000
0.000
0.018
0.018
0.033
0.000
-0.000
0.033

423.00
0.000
0.000
0.000
0.000

0.00

-22588.23

0.00
0.00
0.063
-0.010
-0.030
0.070
-0.360
0.000
-0.721
0.806

547.00
0.000
0.000
0.000
0.000
0.000

-0.000
0.015
0.015
0.161
0.000
0.011
0.161
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mm (89.4°)
mrad (0.11")
mrad (0")
mrad (0")
mrad (0.11")

mm (-25.48°)
mrad (-1.24")
mrad (0")

mrad (-2.48')
mrad (2.77")

mm (89.53°)
mrad (0.55')
mrad (0")

mrad (0.04")
mrad (0.55')
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Displacement [mm]
.300

0
0.250
0.200
0.150
0
0
0

Components - Y-component

Components - Arbitrary plane

.100
.050
.000

-0.050

-0.100

-0.150

-0.200

-0.250

-0.300 ——— T T !

0.000 | 3201000 il 000 960.000
. Axial direction|Y| [mm]

Figure: Displacement (bending etc.) (Arbitrary plane -75.00424171 °)

Stress [N/mm?]
110.000

100.000
90.000
80.000
70.000
60.000
50.000
40.000
30.000
20.000
10.000

0.000

-10.000

Equivalent stress (GEH)
Equivalent stress (SSH)

ANy

00 | 320 003 il 000 960.000
. Axial direction|Y| [mm]

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

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.00 Hz, Critical speed: 0.00 1/min  Rigid body rotation Y 'Shaft'

2. Eigenfrequency: 0.01 Hz, Critical speed: 0.61 1/min Rigid body translation Y 'Shaft 3 (zastupce kola 4)'
3. Eigenfrequency: 409.71 Hz, Critical speed: 24582.57 1/min  Bending YZ 'Shaft', Bending XY 'Shaft'

4. Eigenfrequency: 852.31 Hz, Critical speed: 51138.56 1/min  Bending XY 'Shaft'
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Normalized rotation
1.200

Components - X-component

1.000
0.800
.600

Components - Y-component

Components - Z-component
0

0.400
0.200
0.000

-0.200

-0.400

-0.600

-0.800

-1.000 T T 1

ol 06 000 960.000
Axial directilo; [rom]

AN

(=3
(=
w
N

Figure: Eigenfrequencies (Normalized displacement)

Normalized displacement
1.000

.900
.800
.700
.600
.500
.400
.300
.200
.100

0.000
-0.100
-0.200
-0.300

Components - X-component
Components - Y-component

Components - Z-component

cC O 0 0 O o o o o

A

(=3
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00 00 960.000
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Figure: Eigenfrequencies (Normalized rotation)
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Normalized displacement
1.000

.900
.800
.700
.600
.500
.400
.300
.200
.100
.000
.100
.200
.300

Components - X-component
Components - Y-component

Components - Z-component
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Figure: Eigenfrequencies (Normalized rotation)

Normalized displacement
1.000

.900
.800
.700
.600
.500
.400
.300
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.000
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Figure: Eigenfrequencies (Normalized rotation)
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End of Report lines: 512
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hridel_lll_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:52:09
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 11l
Drawing OL 232 965
Initial position (mm) 0.000
Length (mm) 758.000
Speed (1/min) 59.65
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 301.890
Mass moment of inertia (kg*m?) 2.526
Momentum of mass GD2 (Nm?) 99.107
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100

Rolling bearing stiffness is calculated from inner bearing geometry

Reference temperature (°C)

20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft lll)

Outer contour

Cylinder (Cylinder)

KISSsoFT

Cakulabon programs for meching derign

y=0.00...104.00 (mm)

d=220.00 (mm), 1=104.00 (mm), Rz= 8.0

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

Radius right (Radius right)
r=0.40 (mm), Rz= 8.0

Cylinder (Cylinder)

y=104.00...108.00 (mm)

d=219.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 108.00...121.50 (mm)

d=250.00 (mm), 1=13.50 (mm), Rz= 8.0

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

Radius right (Radius right)
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r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder)

KISSsoFT

Cakulabon programs for meching derign

y=121.50...272.50 (mm)

d=260.00 (mm), 1=151.00 (mm), Rz= 8.0

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

Radius right (Radius right)
r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=272.50...276.50 (mm)

d=259.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 276.50...526.50 (mm)

d=280.00 (mm), 1=250.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 526.50...650.00 (mm)

d=250.00 (mm), 1=123.50 (mm), Rz= 8.0

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

Radius left (Radius left)
r=5.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 650.00...654.00 (mm)

d=219.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 654.00...758.00 (mm)

d=220.00 (mm), 1=104.00 (mm), Rz= 8.0

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

Radius left (Radius left)

r=0.40 (mm), Rz= 8.0

Inner contour

Forces

Cylindrical gear (Kolo 7 (OL 323 962))

y=201.50 (mm)
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Operating pitch diameter (mm)
Helix angle °)
Working pressure angle at normal section(®)
Position of contact point °)
Length of load application (mm)
Axial force (Load spectrum) (N)

Shearing force X (Load spectrum)(N)
Shearing force Z (Load spectrum)(N)
Bending moment X (Load spectrum)(N)
Bending moment Z (Load spectrum)(N)
load spectrum,driving (Output):

710.5479
14.1069  left
25.8978
0.0000
150.0000
-56921.96/-39845.37
-113391.04/-79373.73
226499.57/158549.70
0.00/0.00
-20222.89/-14156.02

KISSsoFT

Cakulabon programs for meching derign

Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 59.6 -502.7 -80469.4
2 80.0000 59.6 -351.9 -56328.6
Cylindrical gear (Pastorek 6 (OL 232 963)) y=401.50 (mm)
Operating pitch diameter (mm) 302.2220
Helix angle °) 15.1650 left
Working pressure angle at normal section(°) 21.8883
Position of contact point (®) 180.0000
Length of load application (mm) 250.0000
Axial force (Load spectrum) (N) 144332.82/101032.97
Shearing force X (Load spectrum)(N) 221663.87/155164.71

Shearing force Z (Load spectrum)(N)
Bending moment X (Load spectrum)(N)
Bending moment Z (Load spectrum)(N)
load spectrum,driven (Input):

Element Frequency (%) Speed (1/min)
1 20.0000 59.6
2 80.0000 59.6
Bearing

Spherical roller bearings SKF *22244CC/W33 (SKF*22244CC/W33 levé)

532518.49/372762.94
-0.00/-0.00
-21810.28/-15267.19

Power (kW)
502.7 80469.4
351.9 56328.6

Torque (Nm)

y=54.00 (mm)

Set fixed bearing left

d =220.000 (mm), D = 400.000 (mm), B = 108.000 (mm), r = 4.000 (mm)

C =1760.000 (kN), CO = 2360.000 (kN), Cu = 196.000 (kN)

Ctheo = 1759.368 (kN), COtheo = 2360.135 (kN)

Calculation with approximate bearings internal geometry (*)

Z =11, Dpw = 319.176 (mm), Dw = 57.366 (mm), Lwe = 52.465 (mm)

di = 266.770 (mm), do = 381.660 (mm), ri = 190.836 (mm), ro = 190.836 (mm), Pd = 0.180 (mm)

Tolerance field Mean value

Tolerance DIN 620:1988 PN

Tolerance shaft k6, 220.018 mm (min = 220.004 mm , max = 220.033 mm)
Tolerance hub H7, 400.029 mm (min = 400.000 mm , max = 400.057 mm)
Change of diametral clearance due to: n = 0 (1/min)

Interference fit -27.57 um
Temperature 0.00 ym
Shaft and housing roughness 0.00 pm

Total bearing clearance change -22.30 ym, n =59.65 (1/min)
DIN 620:1988 CO (180.00 ym)

180.00 pm + (-22.30 ym) = 157.70 ym

Bearing clearance
Operating bearing clearance

Spherical roller bearings SKF *22244CC/W33 (SKF*22244CC/W33 pravé) y=704.00 (mm)
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Set fixed bearing right

KISSsoFT
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d =220.000 (mm), D = 400.000 (mm), B = 108.000 (mm), r = 4.000 (mm)
C =1760.000 (kN), CO = 2360.000 (kN), Cu = 196.000 (kN)

Ctheo = 1759.368 (kN), COtheo = 2360.135 (kN)

Calculation with approximate bearings internal geometry (*)
Z =11, Dpw = 319.176 (mm), Dw = 57.366 (mm), Lwe = 52.465 (mm)
di = 266.770 (mm), do = 381.660 (mm), ri = 190.836 (mm), ro = 190.836 (mm), Pd = 0.180 (mm)

Tolerance field
Tolerance
Tolerance shaft
Tolerance hub

Mean value

DIN 620:1988 PN

k6, 220.018 mm (min = 220.004 mm , max = 220.033 mm)
H7, 400.029 mm (min = 400.000 mm , max = 400.057 mm)

Change of diametral clearance due to: n = 0 (1/min)

Interference fit

Temperature

Shaft and housing roughness
Total bearing clearance change
Bearing clearance

Operating bearing clearance

-27.57 ym
0.00 pm
0.00 pm
-22.30 ym, n =59.65 (1/min)
DIN 620:1988 CO (180.00 um)
180.00 pm + (-22.30 ym) = 157.70 ym

maximum deflection

Center of mass

299.95  pm (Shaftlll,  339.00 (mm))

Shaft Il 377.9 mm
Deformation due to torsion

Shaft Il [phi.t] 0.02 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft IlI' Rolling bearing 'SKF*22244CC/W33_levé'

Position (Y-coordinate) [yl
Life modification factor for reliability[a1]
Service life [Lnh]
Operating viscosity [nu]
Reference viscosity [nu1]
static safety factor [SO]

Bearing reaction force

Fx (kN) Fy (kN)
1 49.167 -0.000 -421.442
2 34.417 -0.000 -294.564
Displacement of bearing
ux (mm) uy (mm) uz (mm)
1 -0.0273 0.4208
2 -0.0223 0.3535

54.00 mm
1.000
7241943 h
48.88 mm /s
0.00 mm /s
5.56

Bearing reaction moment
Mx (Nm) My (Nm) Mz (Nm)
-0.000 0.000 0.000
-0.000 0.000 0.000

Misalignment of bearing

ux (mrad) uy (mrad) uz (mrad)
0.263 -0.000 -0.259
0.168 -0.000 -0.209

Shaft 'Shaft llI' Rolling bearing 'SKF*22244CC/W33_pravé'

Position (Y-coordinate) [yl
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Life modification factor for reliability[a1] 1.000
Service life [Lnh] 2433794 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 4.01
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 -157.440 -87.411 -334.615 0.000 -0.000 0.000
2 -110.208 -61.188 -233.788 0.000 -0.000 0.000

Displacement of bearing Misalignment of bearing

ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad) uz (mrad)
1 0.0829 0.4192 0.1761 -0.419 0.380 -0.068
2 0.0730 0.3524 0.1548 -0.310 0.266 -0.075

(*) Note concerning roller bearings with approximated bearing geometry:

The inner geometry of these bearings is not charted in the data base.

The geometry is calculated backwards from C and CO (values in the manufacturer catalog) according to 1ISO281.
Therefore the calculated geometry can differ from the real geometry.

Differences in the bearing stiffness results can be considerable in some cases.

Displacement [mm]
.450

Components - Y-component
.400

Components - Arbitrary plane
.350

.300
.250

.200
.150
.100

.050

c © ©o ©o ©o ©o ©o ©o o o©

000 _'_'-'_:T: ________ Y [N [N

1
(=

.050 — T T T T 1

320.000 640./000 960.000
Axial direction Y |[mm]

Figure: Displacement (bending etc.) (Arbitrary plane 81.40590411 °)
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Stress [N/mm?]
80.000

72.000
64.000
56.000
48.000
40.000
32.000
24.000
16.000
.000
000 = N Y

Equivalent stress (GEH)
Equivalent stress (SSH)

=]

(=

3 6:b00 640./000 960.000
Axial direction Y |[mm]

GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)"2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2012

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

Summary

Label Shaft Il

Drawing OL 232 965
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of service strength and static strength

Woehler line (S-N curve) according Miner elementary

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

Cross section Position (Y-Coord) (mm)
A-A 121.50
B-B 276.50
C-C 526.50
D-D 650.00
Results:

Cross section Kfb Kfsig
A-A 2.18 0.88
B-B 3.1 0.88
C-C 2.16 0.88
D-D 3.25 0.88

Nominal safety:

Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]

8/15

Shoulder
Shoulder
Shoulder
Shoulder

K2d SD

0.80
0.80
0.80
0.80

7.54
1.91
3.25
4.70

1.20

SS
21.79
6.38
9.93
25.36

1.20

KISSsoFT
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SA
27.06
6.46
13.36
18.95
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36.
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Figure: Strength
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Utilization [%]

000
000
000
000
000
000
000
000
000
000

Utilization - static

Utilization - endurance

Calculation details:

General statements

Label
Drawing

Length (mm)
Speed (1/min)

Material

Material type
Material treatment

™ T T T T 1

3. 6:600 6401000 960.000
Axial direction Y| [

Shaft Il
OL 232 965
n 758.00
[n] 59.65
18CrNiMo7-6

Case-carburized steel
case-hardened

Surface treatment No
Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00

sigB according DIN 743 (at dB) (N/mm?) [sigB] 1200.00

sigS according DIN 743 (at dB) (N/mm?) [sigS] 850.00

[sigzdW] (bei dB) (N/mm?) 480.00

[sigbW] (bei dB) (N/mm?) 600.00

[tautW] (bei dB) (N/mm?) 360.00

Thickness of raw material (mm) [dWerkst] 290.00

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

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter
[sigBeff] (N/mm?)
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[sigSeff] (N/mm?) 571.92
[sigbF] (N/mm?) 629.11
[tautF] (N/mm?) 363.22
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 322.97
[sigbW] (N/mm?) 403.71
[tautW] (N/mm?) 24223

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 2400.00
Number of load cycles (Mio) [NL] 8.590
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 15 25
[kDsigma, kDtau] 0 0
[NDsigma, NDtau] 1e+006 1e+006
[NDsigmall, NDtaull] 0 0
[DM] 0.3

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

Cross section 'A-A' Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 121.50
External diameter (mm) [da] 250.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder

[D, r, t] (mm) 260.000 2.000 0.000

Mean roughness (um) [Rz] 8.000

KISSsoFT

Cakulabon programs for meching derign

Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value 0.0 0.0 -0.0 0.0
Amplitude 0.0 28661.7 0.0 424674.2
Maximum value 0.0 48725.0 0.0 721946.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 49087.4 1533980.8 3067961.6  49087.4
Load spectrum, load base values (Mean-value + Amplitude):
Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)
1 20.00 0.000 28661.750 -0.000 424674.200
2 80.00 0.000 20039.789 -0.000 296941.441
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 -0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 18.685 0.000 11.535
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) 0.000 31.764 0.000 19.610
Technological size influence [K1(sigB)] 0.673
[K1(sigS)] 0.673

Tension/Compression Bending Torsion
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Stress concentration factor
References stress slope
Notch sensitivity factor n
Notch effect coefficient
Geometrical size influence

Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Load spectrum factor

Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'B-B' __ Shoulder
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Shoulder
[D, r, t] (mm)

Mean roughness (um)

Stress: (N) (Nm)
Mean value
Amplitude
Maximum value

[alfa] 2.808 2.676
[G] 1.288 1.288
[n] 1.226 1.226
[beta] 2.290 2.182
[K2(d)] 1.000 0.800
[KF] 0.880 0.880
[KV] 1.000 1.000
K] 2.427 2.864
[sigmV] 0.000
[taumV] 0.000
[sigWK] 133.090 140.958
[PsisigK] 0.090 0.096
[sigADK] 133.089 140.958
[sigANK] 133.089 140.958
[fKoll] 1.000 1.000
[S] 7.544
[Smin] 1.200
[S/Smin] 628.7
[K2F] 1.000 1.100
[gammaF] 1.100 1.100
[sigFK] 629.113  692.024
[S] 21.787
[Smin] 1.200
[S/Smin] 1815.5
[S] 27.061
[Smin] 1.200
[S/Smin] 2255.1

vl 27

[da] 25

[di]

280.000 1.000 0.000
[Rz]

Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A]
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1.740
0.575
1.151
1.511
0.800

0.931

1.000
1.963

123.381

0.083
123.381
123.381

1.000

1.100
1.000
363.218

6.50
9.200
0.000

8.000
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Tension/Compression Bending Torsion Shearing

28461.0
28461.0
96767.3

52766.7

0.0
79125.6
134513.6

1709640.8 3419281.7

40234.7
40234.7
136798.0

0.0
206267.6
350654.9

52766.7



Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)
1 20.00 56921.960 79125.620 80469.401 206267.601
2 80.00 39845.372 55328.450 56328.581 144269.439
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.539 0.000 11.767
[sigzda, sigba, taua, tauga] (N/mm?) 0.539 46.282 11.767
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) 1.834 78.679 40.008
Technological size influence [K1(sigB)] 0.673
[K1(sigS)] 0.673
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.390 4.083 2.437
References stress slope [G1 2.454 2.454 1.150
Notch sensitivity factor n [n] 1.313 1.313 1.214
Notch effect coefficient [beta] 3.344 3.110 2.007
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness
[KF] 0.880 0.880 0.931
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.481 4.025 2.584
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 20.388
Equivalent mean stress (N/mm?) [taumV] 11.771
Fatigue limit of part (N/mm?) [sigWK] 92.778 100.301 93.755
Influence coeff. mean stress sensitivity.
[PsisigK] 0.061 0.066 0.062
Permissible amplitude (N/mm?) [sigADK] 16.951 97.458 88.310
Permissible amplitude (N/mm?) [sigANK] 16.951 97.458 88.310
Load spectrum factor [fKoll] 1.000 1.000 1.000
Margin of safety endurance limit [S] 1.909
Required safety [Smin] 1.200
Result (%) [S/Smin] 159.1
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 657.709 723.480 363.218
Margin of safety yield stress [S] 6.379
Required safety [Smin] 1.200
Result (%) [S/Smin] 531.6
Present margin of safety
for proof of avoiding incipient crack on hard surface layers:
Safety against incipient crack [S] 6.461
Required safety [Smin] 1.200
Result (%) [S/Smin] 538.4
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Cross section 'C-C'  Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 526.50
External diameter (mm) [da] 250.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder

[D, r, t] (mm) 280.000 5.000 0.000

Mean roughness (um) [Rz] 8.000

KISSsoFT
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Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value -43705.4 0.0 -0.0 0.0
Amplitude 437054  65904.0 0.0 370577.0
Maximum value -148598.5 112036.8 0.0 629980.8
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 49087.4 1533980.8 3067961.6  49087.4
Load spectrum, load base values (Mean-value + Amplitude):
Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)
1 20.00 -87410.859 65903.991 -0.000 370576.970
2 80.00 -61187.601 46084.571 -0.000 259235.251
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.890 0.000 -0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.890 42.963 0.000 10.066
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -3.027 73.037 0.000 17.112
Technological size influence [K1(sigB)] 0.673
[K1(sigS)] 0.673

Tension/Compression Bending Torsion

Stress concentration factor [alfa] 2.671 2.468 1.698
References stress slope [G1 0.512 0.512 0.230
Notch sensitivity factor n [n] 1.143 1.143 1.096
Notch effect coefficient [beta] 2.338 2.160 1.549
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness

[KF] 0.880 0.880 0.931
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 2474 2.836 2.011
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.890
Equivalent mean stress (N/mm?) [taumV] 0.514
Fatigue limit of part (N/mm?) [sigWK] 130.522 142.335 120.442
Influence coeff. mean stress sensitivity.

[PsisigK] 0.088 0.097 0.081
Permissible amplitude (N/mm?2) [sigADK] 143.106 142.621 120.442
Permissible amplitude (N/mm?2) [sigANK] 143.106 142.621 120.442
Load spectrum factor [fKoll] 1.000 1.000 1.000
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Margin of safety endurance limit

Required safety
Result (%)

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

Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress

Required safety
Result (%)

Present margin of safety

KISSsoFT
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[S] 3.252

[Smin] 1.200

[S/Smin] 271.0

[K2F] 1.000 1.100 1.100
[gammaF] 1.100 1.100 1.000
[sigFK] 629.113 692.024  363.218
[S] 9.928

[Smin] 1.200

[S/Smin] 827.3

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack

Required safety
Result (%)

Cross section 'D-D’

Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)
Notch effect

[D, r, t] (mm)

Mean roughness (um)

Stress: (N) (Nm)
Mean value
Amplitude
Maximum value

[S] 13.361
[Smin] 1.200
[S/Smin] 1113.4
[yl 650.00
[da] 219.200
[di] 0.000

250.000 1.000  0.000
RZ] 8.000

Tension/Compression Bending Torsion Shearing

-43705.4 0.0 -0.0 0.0
437054  19984.8 0.0 370083.4
-148598.5  33974.1 0.0 629141.8

Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A]

37737.3 1034002.4 2068004.8  37737.3

Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency

(%)
1 20.00
2 80.00

Stresses: (N/mm?)

Tens./Press. Bending Torsion Shearing

(N) (Nm)  (Nm) (N)

-87410.859 19984.789 -0.000 370083.425
-61187.601 13972.341 -0.000 258741.809

[sigzdm, sigbm, taum, taugm] (N/mm?) -1.158 0.000 -0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 1.158 19.328 0.000 13.076
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -3.938 32.857 0.000 22.229
Technological size influence [K1(sigB)] 0.673

[K1(sigS)] 0.673

Stress concentration factor
References stress slope

14/15

Tension/Compression Bending Torsion

[alfa] 4.707 4.258 2.579
[G] 2.430 2.430 1.150



Notch sensitivity factor n [n]
Notch effect coefficient [beta]
Geometrical size influence [K2(d)]
Influence coefficient surface roughness

[KF]
Influence coefficient surface strengthening

[KV]
Total influence coefficient [K]
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK]
Influence coeff. mean stress sensitivity.

[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Permissible amplitude (N/mm?) [sigANK]
Load spectrum factor [fKoll]
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F]
Increase coefficient [gammaF]
Yield stress of part (N/mm?) [sigFK]
Margin of safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

1.311
3.590
1.000

0.880

1.000
3.727

86.655

0.057
91.864
91.864

1.000

1.000
1.150

657.709

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S]
Required safety [Smin]
Result (%) [S/Smin]
Remarks:

1.311
3.248
0.800

0.880

1.000
4.197

1.158
0.669
96.192

0.063
96.559
96.559
1.000

4.700
1.200
391.7

1.100
1.150
723.480
25.363
1.200
1579.1

18.949
1.200
1579.1

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

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.

The values are imported from the FKM-Guideline..

1.214
2.125
0.800

0.931

1.000
2.730

88.724

0.058
88.724
88.724
1.000

1.100
1.000
363.218

KISSsoFT

Cal

culabon pregmame for machina deasign

End of Report

lines: 681
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KISSsoft Release 03/2013

KISSsoft evaluation
File

Name : Hridel_lll_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:14:07
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 11l
Drawing OL 232 965
Initial position (mm) 0.000
Length (mm) 758.000
Speed (1/min) 59.65
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 301.890
Mass moment of inertia (kg*m?) 2.526
Momentum of mass GD2 (Nm?) 99.107
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100

Rolling bearing stiffness is calculated from inner bearing geometry

Reference temperature (°C)

20.000

117



Figure: Load applications

SHAFT DEFINITION (Shaft lll)

Outer contour

Cylinder (Cylinder)

KISSsoFT

Cakulabon programs for meching derign

y=0.00...104.00 (mm)

d=220.00 (mm), 1=104.00 (mm), Rz= 8.0

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

Radius right (Radius right)
r=0.40 (mm), Rz= 8.0

Cylinder (Cylinder)

y=104.00...108.00 (mm)

d=219.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 108.00...121.50 (mm)

d=250.00 (mm), 1=13.50 (mm), Rz= 8.0

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

Radius right (Radius right)
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r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder)

KISSsoFT
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y=121.50...272.50 (mm)

d=260.00 (mm), 1=151.00 (mm), Rz= 8.0

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

Radius right (Radius right)
r=2.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=272.50...276.50 (mm)

d=259.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 276.50...526.50 (mm)

d=280.00 (mm), 1=250.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 526.50...650.00 (mm)

d=250.00 (mm), 1=123.50 (mm), Rz= 8.0

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

Radius left (Radius left)
r=5.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 650.00...654.00 (mm)

d=219.20 (mm), 1=4.00 (mm), Rz= 8.0

Radius left (Radius left)
r=1.00 (mm), Rz= 8.0

Radius right (Radius right)
r=1.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 654.00...758.00 (mm)

d=220.00 (mm), 1=104.00 (mm), Rz= 8.0

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

Radius left (Radius left)

r=0.40 (mm), Rz= 8.0

Inner contour

Forces

Cylindrical gear (Kolo 7 (OL 323 962))

y=201.50 (mm)
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Operating pitch diameter (mm) 710.5479

Helix angle °) 14.1069 left

Working pressure angle at normal section(°) 25.8978

Position of contact point (®) 0.0000

Length of load application (mm) 150.0000

Power (kW) 502.6548 driving (Output)
Torque (Nm) -80469.4009

Axial force (N) -56921.9591

Shearing force X (N) -113391.0362

Shearing force Z (N) 226499.5669

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) -20222.8905

Cylindrical gear (Pastorek 6 (OL 232 963)) y=401.50 (mm)
Operating pitch diameter (mm) 302.2220

Helix angle °) 15.1650 left

Working pressure angle at normal section(°) 21.8883

Position of contact point (®) 180.0000

Length of load application (mm) 250.0000

Power (kW) 502.6548 driven (Input)
Torque (Nm) 80469.4009

Axial force (N) 144332.8187

Shearing force X (N) 221663.8710

Shearing force Z (N) 532518.4859

Bending moment X (Nm) -0.0000

Bending moment Z (Nm) -21810.2766

Bearing

Spherical roller bearings SKF *22244CC/W33 (SKF*22244CC/W33_levé)
Set fixed bearing left

d =220.000 (mm), D = 400.000 (mm), B = 108.000 (mm), r = 4.000 (mm)
C =1760.000 (kN), CO = 2360.000 (kN), Cu = 196.000 (kN)

Ctheo = 1759.368 (kN), COtheo = 2360.135 (kN)

Calculation with approximate bearings internal geometry (*)

Z =11, Dpw = 319.176 (mm), Dw = 57.366 (mm), Lwe = 52.465 (mm)

di = 266.770 (mm), do = 381.660 (mm), ri = 190.836 (mm), ro = 190.836 (mm), Pd = 0.180 (mm)

y=54.00 (mm)

Tolerance field
Tolerance
Tolerance shaft
Tolerance hub

Mean value

DIN 620:1988 PN

k6, 220.018 mm (min = 220.004 mm , max = 220.033 mm)
H7, 400.029 mm (min = 400.000 mm , max = 400.057 mm)

Change of diametral clearance due to: n = 0 (1/min)

Interference fit -27.57 um

Temperature 0.00 ym

Shaft and housing roughness 0.00 pm

Total bearing clearance change -22.30 ym, n =59.65 (1/min)

Bearing clearance
Operating bearing clearance

DIN 620:1988 CO (180.00 pm)
180.00 pm + (-22.30 ym) = 157.70 ym

Spherical roller bearings SKF *22244CC/W33 (SKF*22244CC/W33 pravé)
Set fixed bearing right

d =220.000 (mm), D = 400.000 (mm), B = 108.000 (mm), r = 4.000 (mm)
C =1760.000 (kN), CO = 2360.000 (kN), Cu = 196.000 (kN)

Ctheo = 1759.368 (kN), COtheo = 2360.135 (kN)

Calculation with approximate bearings internal geometry (*)

Z =11, Dpw = 319.176 (mm), Dw = 57.366 (mm), Lwe = 52.465 (mm)

y=704.00 (mm)
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di = 266.770 (mm), do = 381.660 (mm), ri = 190.836 (mm), ro = 190.836 (mm), Pd = 0.180 (mm)

Tolerance field
Tolerance
Tolerance shaft
Tolerance hub

Interference fit
Temperature

Shaft and housing roughness
Total bearing clearance change

Bearing clearance

Operating bearing clearance

Mean value

DIN 620:1988 PN

k6, 220.018 mm (min = 220.004 mm , max = 220.033 mm)
H7, 400.029 mm (min = 400.000 mm , max = 400.057 mm)
Change of diametral clearance due to: n = 0 (1/min)

-27.57 um

0.00 ym
0.00 ym

-22.30 pm,

n = 59.65 (1/min)

DIN 620:1988 CO (180.00 ym)
180.00 pm + (-22.30 ym) = 157.70 ym

maximum deflection 299.95 um (Shaft 111, 339.00 (mm))
Center of mass

Shaft Il 377.9 mm
Deformation due to torsion

Shaft Il [phi.t] 0.02 °
Probability of failure [n] 10.00 %

Axial clearance [uA] 10.00 um

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft IlI' Rolling bearing 'SKF*22244CC/W33_levé'

Position (Y-coordinate) [yl 54.00 mm
Equivalent load [P] 424.30 kN
Equivalent load [PO] 424.30 kN

Life modification factor for reliability[a1] 1.000

Service life [Lnh] 32040.72 h

Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 5.56

Bearing reaction force [Fx] 49.167 kN

Bearing reaction force [Fy] -0.000 kN

Bearing reaction force [Fz] -421.442 kN

Bearing reaction force [Fr] 424.300 kN (-83.35°)
Bearing reaction moment [Mx] -0.00 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (135°)
Oil level [H] 177.500 mm

Torque of friction [Mloss] 25.570 Nm

Power loss [Ploss] 1569.724 W
Displacement of bearing [ux] -0.027 mm
Displacement of bearing [uy] 0.421 mm
Displacement of bearing [uz] 0.232 mm
Displacement of bearing [ur] 0.234 mm (96.7°)
Misalignment of bearing [rx] 0.263 mrad (0.9')
Misalignment of bearing [ry] -0.000 mrad (0")
Misalignment of bearing [rz] -0.259 mrad (-0.89")
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Misalignment of bearing

Shaft 'Shaft llI' Rolling bearing 'SKF*22244CC/W33_pravé'

Position (Y-coordinate)
Equivalent load
Equivalent load

[rr]

[yl
[P]
[PO]

Life modification factor for reliability[a1]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

[Lnh]
[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]
[rx]

[ry]

[rZ]

[rr]

0.369

704.00
588.33
588.33

1.000

10778.11
48.88
0.00
4.01
-157.440
-87.411
-334.615
369.803
0.00
-0.00
0.00
0.00
177.500
29.502
184.284
0.083
0.419
0.176
0.195
-0.419
0.380
-0.068
0.425

KISSsoFT

Cakulabon programs for meching derign

mrad (1.27')

mm
kN
kN

h
mm /s
mm /s

kN

kN

kN

kN (-115.2°)
Nm

Nm

Nm

Nm (8.3°)
mm

mm (64.78°)
mrad (-1.44")
mrad (1.31")
mrad (-0.23")
mrad (1.46")

(*) Note concerning roller bearings with approximated bearing geometry:

The inner geometry of these bearings is not charted in the data base.

The geometry is calculated backwards from C and CO (values in the manufacturer catalog) according to 1ISO281.
Therefore the calculated geometry can differ from the real geometry.

Differences in the bearing stiffness results can be considerable in some cases.
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Components - Y-component

Components - Arbitrary plane
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Axjal direction Y
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960.000

Figure: Displacement (bending etc.) (Arbitrary plane 81.40590411 °)
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Stress [N/mm?]
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Equivalent stress (GEH)
Equivalent stress (SSH)

.000

640.

320.000
Axjal direction Y

000

[rom]

960.000

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

Eigenfrequencies/Critical speeds

1. Eigenfrequency:

2. Eigenfrequency:

3. Eigenfrequency:

4. Eigenfrequency:

717

0.03 Hz, Critical speed:
111.79 Hz, Critical speed:
514.75 Hz, Critical speed:
651.13 Hz, Critical speed:

1.99 1/min  Rigid body rotation Y 'Shaft IlI'
6707.13 1/min  Axial 'Shaft III'
30884.89 1/min  Bending XY 'Shaft III'
39067.58 1/min  Bending YZ 'Shaft III'
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Figure: Eigenfrequencies (Normalized displacement)
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Figure: Eigenfrequencies (Normalized rotation)
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Components - X-component
Components - Y-component

Components - Z-component
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Figure: Eigenfrequencies (Normalized rotation)
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Figure: Eigenfrequencies (Normalized rotation)
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Strength calculation as specified in

DIN 743:2012
Summary
Label Shaft Il
Drawing OL 232 965
Material 18CrNiMo7-6
Material type Case-carburized steel
Material treatment case-hardened
Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)
A-A 121.50
B-B 276.50
C-C 526.50
D-D 650.00
Results:

Cross section Kfb Kfsig
A-A 2.18 0.88
B-B 3.1 0.88
C-C 2.16 0.88
D-D 3.25 0.88

Nominal safety:

Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]

10/17

Shoulder
Shoulder
Shoulder
Shoulder

K2d SD

0.80
0.80
0.80
0.80

7.54
1.91
3.25
4.70

1.20

SS
21.79
6.39
9.93
25.36

1.20
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SA
27.06
6.47
13.36
18.95

1.20
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Figure: Strength
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Utilization [%]

000
000
000
000
000
000
000
000
000
000

Utilization - static

Utilization - endurance

Calculation details:

General statements

Label
Drawing

Length (mm)
Speed (1/min)

Material

Material type
Material treatment

™ T T T T 1

3. 6:600 6401000 960.000
Axial direction Y| [

Shaft Il
OL 232 965
n 758.00
[n] 59.65
18CrNiMo7-6

Case-carburized steel
case-hardened

Surface treatment No
Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00

sigB according DIN 743 (at dB) (N/mm?) [sigB] 1200.00

sigS according DIN 743 (at dB) (N/mm?) [sigS] 850.00

[sigzdW] (bei dB) (N/mm?) 480.00

[sigbW] (bei dB) (N/mm?) 600.00

[tautW] (bei dB) (N/mm?) 360.00

Thickness of raw material (mm) [dWerkst] 290.00

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

Material strength calculated from size of raw material

Geometric size coefficient K1d calculated from raw material diameter
[sigBeff] (N/mm?)

11/17
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[sigSeff] (N/mm?) 571.92
[sigbF] (N/mm?) 629.11
[tautF] (N/mm?) 363.22
[sigBRand] (N/mm?) 2300.00
[sigzdW] (N/mm?) 322.97
[sigbW] (N/mm?) 403.71
[tautW] (N/mm?) 24223
Endurance limit for single stage use

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

Cross section 'A-A’ Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 121.50
External diameter (mm) [da] 250.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder

[D, r, t] (mm) 260.000 2.000 0.000

Mean roughness (um) [Rz] 8.000

Stress: (N) (Nm)

Mean value

Amplitude

Maximum value

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

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?)
[sigzda, sigba, taua, tauga] (N/mm?)
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?)

Technological size influence [K1(sigB)]

[K1(sigS)]
Stress concentration factor [alfa]
References stress slope [G]
Notch sensitivity factor n [n]
Notch effect coefficient [beta]
Geometrical size influence [K2(d)]
Influence coefficient surface roughness

[KF]
Influence coefficient surface strengthening

[KV]
Total influence coefficient [K]
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK]

12/17

Tension/Compression Bending Torsion Shearing

0.0 0.0 0.0 0.0
0.0  28661.7 0.0 424638.8
0.0 48724.9 0.0 721886.0
49087.4 1533980.8 3067961.6  49087.4
0.000 0.000 0.000 0.000
0.000 18.685 0.000 11.534
0.000 31.764 0.000 19.608
0.673
0.673

Tension/Compression Bending Torsion

2.808 2.676 1.740
1.288 1.288 0.575
1.226 1.226 1.151
2.290 2.182 1.511
1.000 0.800 0.800
0.880 0.880 0.931
1.000 1.000 1.000
2427 2.864 1.963
0.000
0.000
133.090 140.958  123.381



Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)
Margin of safety endurance limit
Required safety

Result (%)

Present margin of safety

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

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Present margin of safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'B-B' __Shoulder
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

[D, r, t] (mm)

Mean roughness (um)

Shoulder

Stress: (N) (Nm)
Mean value
Amplitude
Maximum value

[PsisigK] 0.090 0.096
[sigADK] 133.089 140.958
[S] 7.544
[Smin] 1.200
[S/Smin] 628.7
[K2F] 1.000 1.100
[gammaF] 1.100 1.100
[sigFK] 629.113  692.024
[S] 21.787
[Smin] 1.200
[S/Smin] 1815.6
[S] 27.061
[Smin] 1.200
[S/Smin] 2255.1

vl 27

[da] 25

[di]

280.000 1.000 0.000
[Rz]

Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A]

Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?)
[sigzda, sigba, taua, tauga] (N/mm?)

[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2)

Technological size influence

Stress concentration factor

References stress slope

Notch sensitivity factor n

Notch effect coefficient

Geometrical size influence

Influence coefficient surface roughness
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[K1(sigB)]
[K1(sigS)]

[alfa]
[G]

[n]
[beta]
[K2(d)]

Tension/Compression Bending Torsion Shearing
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0.083
123.381

1.100
1.000
363.218

6.50
9.200
0.000

8.000

Tension/Compression Bending Torsion

4.390 4.083 2.437
2.454 2.454 1.150
1.313 1.313 1.214
3.344 3.110 2.007
1.000 0.800 0.800

28461.0 0.0 40234.7 0.0
28461.0 78942.6  40234.7 206189.7
96767.3 134202.4 136798.0 350522.5
52766.7 1709640.8 3419281.7  52766.7
0.539 0.000 11.767 0.000
0.539 46.175 11.767 5.210
1.834 78.497 40.008 8.857
0.673
0.673



[KF] 0.880 0.880
Influence coefficient surface strengthening

[KV] 1.000 1.000
Total influence coefficient [K] 3.481 4.025
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 20.388
Equivalent mean stress (N/mm?) [taumV] 11.771
Fatigue limit of part (N/mm?) [sigWK] 92.778 100.301 9
Influence coeff. mean stress sensitivity.

[PsisigK] 0.061 0.066
Permissible amplitude (N/mm?) [sigADK] 16.951 97.451 8
Margin of safety endurance limit [S] 1.912
Required safety [Smin] 1.200
Result (%) [S/Smin] 159.4
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100
Increase coefficient [gammaF] 1.150 1.150
Yield stress of part (N/mm?) [sigFK] 657.709 723.480 36
Margin of safety yield stress [S] 6.386
Required safety [Smin] 1.200
Result (%) [S/Smin] 532.2
Present margin of safety
for proof of avoiding incipient crack on hard surface layers:
Safety against incipient crack [S] 6.474
Required safety [Smin] 1.200
Result (%) [S/Smin] 539.5
Cross section 'C-C'  Shoulder
Comment
Position (Y-Coordinate) (mm) [yl 526.50
External diameter (mm) [da] 250.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder
[D, r, t] (mm) 280.000 5.000 0.000
Mean roughness (um) [Rz] 8.000

0.931

1.000
2.584

3.755

0.062
8.310

1.100
1.000
3.218
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Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value -43705.4 0.0 0.0
Amplitude 43705.4  65904.0 0.0
Maximum value -148598.5 112036.8 0.0
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 49087.4 1533980.8 3067961.6
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.890 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.890 42.963 0.000
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) -3.027 73.037 0.000
Technological size influence [K1(sigB)] 0.673

[K1(sigS)] 0.673
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629980.8

49087.4
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Tension/Compression Bending Torsion

Stress concentration factor [alfa] 2.671 2.468 1.698
References stress slope [G1 0.512 0.512 0.230
Notch sensitivity factor n [n] 1.143 1.143 1.096
Notch effect coefficient [beta] 2.338 2.160 1.549
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness

[KF] 0.880 0.880 0.931
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 2474 2.836 2.011
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.890
Equivalent mean stress (N/mm?) [taumV] 0.514
Fatigue limit of part (N/mm?) [sigWK] 130.522 142.335 120.442
Influence coeff. mean stress sensitivity.

[PsisigK] 0.088 0.097 0.081
Permissible amplitude (N/mm?2) [sigADK] 143.106 142.621 120.442
Margin of safety endurance limit [S] 3.252
Required safety [Smin] 1.200
Result (%) [S/Smin] 271.0
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.100 1.100 1.000
Yield stress of part (N'/mm?) [sigFK] 629.113 692.024  363.218
Margin of safety yield stress [S] 9.928
Required safety [Smin] 1.200
Result (%) [S/Smin] 827.3

Present margin of safety
for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 13.361
Required safety [Smin] 1.200
Result (%) [S/Smin] 1113.4

Cross section 'D-D’ Shoulder

Comment

Position (Y-Coordinate) (mm) [yl 650.00
External diameter (mm) [da] 219.200
Inner diameter (mm) [di] 0.000
Notch effect Shoulder

[D, r, t] (mm) 250.000 1.000 0.000

Mean roughness (um) [Rz] 8.000

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

Mean value -43705.4 0.0 0.0 0.0
Amplitude 43705.4 19984.5 0.0 370141.3
Maximum value -148598.5  33973.7 0.0 629240.3
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 37737.3 1034002.4 2068004.8  37737.3
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Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -1.158 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 1.158 19.327 0.000 13.078
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -3.938 32.856 0.000 22.232
Technological size influence [K1(sigB)] 0.673
[K1(sigS)] 0.673

Tension/Compression Bending Torsion

Stress concentration factor [alfa] 4.707 4.258 2.579
References stress slope [G1 2.430 2.430 1.150
Notch sensitivity factor n [n] 1.311 1.311 1.214
Notch effect coefficient [beta] 3.590 3.248 2125
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness

[KF] 0.880 0.880 0.931
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.727 4.197 2.730
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 1.158
Equivalent mean stress (N/mm?) [taumV] 0.669
Fatigue limit of part (N/mm?) [sigWK] 86.655 96.192 88.724
Influence coeff. mean stress sensitivity.

[PsisigK] 0.057 0.063 0.058
Permissible amplitude (N/mm?) [sigADK] 91.864 96.559 88.724
Margin of safety endurance limit [S] 4.700
Required safety [Smin] 1.200
Result (%) [S/Smin] 391.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 657.709 723.480 363.218
Margin of safety yield stress [S] 25.363
Required safety [Smin] 1.200
Result (%) [S/Smin] 1579.1

Present margin of safety
for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 18.949
Required safety [Smin] 1.200
Result (%) [S/Smin] 1579.1
Remarks:

- The shearing force is not considered in the analysis specified in DIN 743.
- Cross section with interference fit:
The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..

End of Report lines: 662
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KISSsoft Release 03/2013

KISSsoft evaluation

File
Name : Hridel_IV_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:41:11
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) 1270.000
Speed (1/min) 14.68
Sense of rotation: counter clockwise
Material 42 CrMo 4 (2)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 2402.047
Mass moment of inertia (kg*m?) 420.073
Momentum of mass GD2 (Nm?) 16483.645

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
Regard gears as masses and stiffness

Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered

Reference temperature (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder)

KISSsoFT
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y= 0.00...20.00 (mm)

d=180.00 (mm), 1=20.00 (mm), Rz= 8.0

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Radius right (Radius right)
r=0.40 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0

Cylinder (Cylinder)

y=20.00...198.00 (mm)

d=280.00 (mm), 1=178.00 (mm), Rz= 8.0

Radius right (Radius right)
r=47.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 198.00...236.00 (mm)

d=291.00 (mm), 1=38.00 (mm), Rz= 8.0

Radius right (Radius right)
r=12.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 236.00...471.00 (mm)
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d=340.00 (mm), 1=235.00 (mm), Rz= 8.0

Relief groove right (Relief groove right)

r=1.00 (mm), t=1.00 (mm), I=2.00 (mm), Rz= 8.0

Own Input, Form B, FKM

Taper (Cone)
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y=471.00...501.50 (mm)

d=385.00 (mm), dr=450.00 (mm), 1=30.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y=501.50...532.50 (mm)

d=450.00 (mm), 1=31.00 (mm), Rz= 8.0

Chamfer right (2)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=532.50...767.50 (mm)

d=1100.00 (mm), 1=235.00 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0

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

Cylinder (Cylinder)

y=767.50...799.00 (mm)

d=385.00 (mm), 1=31.50 (mm), Rz= 8.0

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

Radius left (Radius left)
r=10.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=799.00...1034.00 (mm)

d=340.00 (mm), 1=235.00 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0

Cylinder (Cylinder)

y=1034.00...1072.00 (mm)

d=291.00 (mm), 1=38.00 (mm), Rz= 8.0

Radius left (Radius left)
r=12.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=1072.00...1250.00 (mm)

d=280.00 (mm), 1=178.00 (mm), Rz= 8.0

Radius left (Radius left)
r=47.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 1250.00...1270.00 (mm)

d=180.00 (mm), 1=20.00 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0
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Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Inner contour

Forces

Cylindrical gear (Kolo_8)

KISSsoFT

Cakulabon programs for meching derign

y= 650.00 (mm)

Operating pitch diameter (mm)
Helix angle °)
Working pressure angle at normal section(®)
Position of contact point °)
Length of load application (mm)

Axial force (Load spectrum)
Shearing force X (Load spectrum)(N)
Shearing force Z (Load spectrum)(N)
Bending moment X (Load spectrum)(N)
Bending moment Z (Load spectrum)(N)
load spectrum,driven (Input):

(N)

1227.7778
15.1950
21.8883
0.0000
235.0000
136267.12/95386.98
-208873.63/-146211.54
501719.46/351203.62
-0.00/-0.00
83652.87/58557.01

right

Element Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 20.0000 -14.7 473.5 -308000.0
2 80.0000 -14.7 331.4 -215600.0
Cylindrical gear (Drazkovani_vlevo) y=1172.50 (mm)
Operating pitch diameter (mm) 310.0000
Spur gear
Working pressure angle at normal section(°) 24.5802
Position of contact point (®) 0.0000
Length of load application (mm) 155.0000
Axial force (Load spectrum) (N) -0.00/-0.00

Shearing force X (Load spectrum)(N)
Shearing force Z (Load spectrum)(N)
Bending moment X (Load spectrum)(N)
Bending moment Z (Load spectrum)(N)
load spectrum,driving (Output):

Element Frequency (%) Speed (1/min)
1 20.0000 -14.7
2 80.0000 -14.7
Bearing

Spherical roller bearings SKF *23268CA/W33 (SKF_23260_leve)

-908933.18/-636253.22
-1987096.77/-1390967.74
0.00/0.00

-0.00/-0.00

Power (kW)  Torque (Nm)

-473.5 308000.0
-331.4 215600.0

y=359.00 (mm)

Set fixed bearing left

d = 340.000 (mm), D = 620.000 (mm), B = 224.000 (mm), r = 6.000 (mm)
C =5100.000 (kN), CO = 7800.000 (kN), Cu = 550.000 (kN)

Bearing clearance

Spherical roller bearings SKF *23268CA/W33 (SKF_23260_prave)

DIN 620:1988 CO (255.00 pm)

y=911.00 (mm)

Set fixed bearing right

d = 340.000 (mm), D = 620.000 (mm), B = 224.000 (mm), r = 6.000 (mm)
C =5100.000 (kN), CO = 7800.000 (kN), Cu = 550.000 (kN)

Bearing clearance
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Shaft 'Shaft 1": Cylindrical gear 'Kolo_8' (y= 650.0000 (mm)) is taken into account as component of the shaft.

El (y= 532.5000 (mm)): 14804981182.0139 (Nm_), El (y=  767.5000 (mm)): 14804981182.0139 (Nm_), m (yS= 650.0000 (mm)):
429.8494 (kg)

Jp: 146.0112 (kg*m,), Jxx: 74.9838 (kg*m,), Jzz: 74.9838 (kg*m,)

Shaft 'Shaft 1": Cylindrical gear 'Drazkovani_vlevo' (y= 1172.5000 (mm)) is taken into account as component of the shaft.

El (y= 1095.0000 (mm)): 62154023.0409 (Nm ), El (y= 1250.0000 (mm)): 62154023.0409 (Nm_), m (yS= 1172.5000 (mm)): 16.8716
(kg)

Jp: 0.3680 (kg*m,), Jxx: 0.2178 (kg*m,), Jzz: 0.2178 (kg*m,)

maximum deflection 767.57 um (Shaft 1, 1270.00 (mm))

Center of mass
Shaft 1 643.6 mm

Deformation due to torsion

Shaft 1 [phi.t] 0.08 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'SKF_23260_leve'

Position (Y-coordinate) [yl 359.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 27142242 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 6.18
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)
-483.375 0.000 -1165.255 0.000 0.000 0.000

2 -338.362 0.000 -811.682 0.000 0.000 0.000

Displacement of bearing Misalignment of bearing

ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad) uz (mrad)
1 0.0498 0.0111 0.1174 -0.369 -0.000 0.206
2 0.0500 0.0107 0.1173 -0.382 -0.000 0.206

Shaft 'Shaft 1' Rolling bearing 'SKF_23260_prave'

Position (Y-coordinate) [yl 911.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnh] 10058.18 h
Operating viscosity [nu] 48.88 mm /s
Reference viscosity [nu1] 0.00 mm /s
static safety factor [SO] 2.32
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Bearing reaction force

Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1601.182 -136.267 2678.576 0.000 0.000
1120.827 -95.387 1879.390 0.000 0.000

Displacement of bearing Misalignment of bearing
ux (mm) uy (mm) uz (mm) ux (mrad) uy (mrad)
-0.0637 0.0100 -0.1105 -0.915 0.391
-0.0635 0.0100 -0.1105 -0.764 0.273

Displacement [mm]

0.800
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Mz (Nm)
0.000
0.000

uz (mrad)
0.427
0.361

Components - Y-component

Components - Arbitrary plane

Y

0.000 400.000

809|000 [1200.

T 1[ T I

000 1600.000

Figure: Displacement (bending etc.) (Arbitrary plane 64.32976452 °)
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Stress [N/mm?]

270.000 Equivalent stress (GEH)

240.000 Equivalent stress (SSH)

210.000
180.000
150.000

120.000

90.000

60.000

30.000

-30.000 T T T ]
0.000 400.0D0 800000 1200.000 1600.000

GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)"2)"/2SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Label Shaft 1

Drawing

Material 42 CrMo 4 (2)

Material type Through hardened steel
Material treatment flame/ind. hardened
Surface treatment No

Calculation of service strength and static strength
Woehler line (S-N curve) according Miner elementary
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 1095.00 Smooth shaft

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 1.00 0.89 0.80 2.38 2.26
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Utilization [%]
270.000 —/

240.000

210.000

180.000

150.000

120.000

90.000

60.000

30.000

Utilization - endurance

0.000 T T T iii|
0.000 4oo.o|c| 804000 1200.

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing

Length (mm)

Speed (1/min)

000 1600.000

Ul
(n]

Material 42 CrMo 4 (2)

Material type Through hardened steel
Material treatment flame/ind. hardened
Surface treatment No

Load factor static calculation
Load factor endurance limit

Reference diameter material (mm)

sigB according DIN 743 (at dB) (N/mm?)
sigS according DIN 743 (at dB) (N/mm?)
[sigzdW] (bei dB) (N/mm?)

[sigbW] (bei dB) (N/mm?)

[tautW] (bei dB) (N/mm?)

Thickness of raw material (mm)

Utilization - static

1270.00
14.68

KISSsoFT
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Tension/Compression Bending Torsion Shearing

1.700
1.000

[dB]

[sigB]
[sigS]

[dWerkst]

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

[sigBeff] (N/mm?)

9/11
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16.00
1100.00
900.00
440.00
550.00
330.00
1110.00

737.00
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[sigSeff] (N/mm?2) 513.00
[sigbF] (N/mm?) 564.30
[tautF] (N/mm?) 325.80
[sigBRand] (N/mm?) 2050.00
[sigzdW] (N/mm?) 294 .80
[sigbW] (N/mm?) 368.50
[tautW] (N/mm?) 221.10

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 2400.00
Number of load cycles (Mio) [NL] 2114
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 15 25
[kDsigma, kDtau] 0 0
[NDsigma, NDtau] 1e+006 1e+006
[NDsigmall, NDtaull] 0 0
[DM] 0.3

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

Cross section 'A-A' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [yl 1095.00
External diameter (mm) [da] 280.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value 0.0 0.0 154000.0 0.0
Amplitude 0.0 169415.3 154000.0 2185989.1
Maximum value 0.0 288006.0 523600.0 37161814
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 61575.2 2155132.6 4310265.1 61575.2

Load spectrum, load base values (Mean-value + Amplitude):

Element Frequency Tens./Press. Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 20.00 0.000 169415.299 308000.000 2185989.063

2 80.00 0.000 118611.453 215600.000 1530455.571

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 35.729 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 78.610 35.729 47.335
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) 0.000 133.637 121.477 80.469
Technological size influence [K1(sigB)] 0.670

[K1(sigS)] 0.570

Tension/Compression Bending Torsion
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Notch effect coefficient [beta]
Geometrical size influence [K2(d)]
Influence coefficient surface roughness

[KF]
Influence coefficient surface strengthening

[KV]
Total influence coefficient [K]
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK]
Influence coeff. mean stress sensitivity.

[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Permissible amplitude (N/mm?) [sigANK]
Load spectrum factor [fKoll]
Margin of safety endurance limit [S]
Required safety [Smin]
Result (%) [S/Smin]
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F]
Increase coefficient [gammaF]
Yield stress of part (N/mm?) [sigFK]
Margin of safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Present margin of safety

1.000
1.000

0.887

1.000
1.127

261.623

0.216
0.008
0.008
1.000

1.000
1.000
513.000

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S]
Required safety [Smin]
Result (%) [S/Smin]
Remarks:

1.000
0.800

0.887

1.000
1.377

61.884
35.729
267.647

0.222
227.851
227.851

1.002
2.382
1.200

198.5

1.100
1.000
564.300
2.264
1.200
188.7

9.978
1.200
831.5

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

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.

The values are imported from the FKM-Guideline..

1.000
0.800

0.935

1.000
1.319

167.603

0.128
148.546
148.546

1.002

1.100
1.000
325.799

KISSsoFT

Cal
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End of Report

lines: 437
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KISSsoft Release 03/2013

KISSsoft evaluation

File
Name : Hridel_IV_2_stavy
Changed by: karlova am: 02.05.2014 um: 11:20:53
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) 1270.000
Speed (1/min) 14.68
Sense of rotation: counter clockwise
Material 42 CrMo 4 (2)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 2402.047
Mass moment of inertia (kg*m?) 420.073
Momentum of mass GD2 (Nm?) 16483.645

(Notice: Weight stands for the shaft only without considering the gears)

Position in space (°) 0.000
Regard gears as masses and stiffness

Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered

Reference temperature (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder)

KISSsoFT
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y= 0.00...20.00 (mm)

d=180.00 (mm), 1=20.00 (mm), Rz= 8.0

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Radius right (Radius right)
r=0.40 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0

Cylinder (Cylinder)

y=20.00...198.00 (mm)

d=280.00 (mm), 1=178.00 (mm), Rz= 8.0

Radius right (Radius right)
r=47.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 198.00...236.00 (mm)

d=291.00 (mm), 1=38.00 (mm), Rz= 8.0

Radius right (Radius right)
r=12.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 236.00...471.00 (mm)
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d=340.00 (mm), 1=235.00 (mm), Rz= 8.0

Relief groove right (Relief groove right)

r=1.00 (mm), t=1.00 (mm), I=2.00 (mm), Rz= 8.0

Own Input, Form B, FKM

Taper (Cone)

KISSsoFT
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y=471.00...501.50 (mm)

d=385.00 (mm), dr=450.00 (mm), 1=30.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y=501.50...532.50 (mm)

d=450.00 (mm), 1=31.00 (mm), Rz= 8.0

Chamfer right (2)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder)

y=532.50...767.50 (mm)

d=1100.00 (mm), 1=235.00 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0

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

Cylinder (Cylinder)

y=767.50...799.00 (mm)

d=385.00 (mm), 1=31.50 (mm), Rz= 8.0

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

Radius left (Radius left)
r=10.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=799.00...1034.00 (mm)

d=340.00 (mm), 1=235.00 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0

Cylinder (Cylinder)

y=1034.00...1072.00 (mm)

d=291.00 (mm), 1=38.00 (mm), Rz= 8.0

Radius left (Radius left)
r=12.00 (mm), Rz= 8.0

Cylinder (Cylinder)

y=1072.00...1250.00 (mm)

d=280.00 (mm), 1=178.00 (mm), Rz= 8.0

Radius left (Radius left)
r=47.50 (mm), Rz= 8.0

Cylinder (Cylinder)

y= 1250.00...1270.00 (mm)

d=180.00 (mm), 1=20.00 (mm), Rz= 8.0

Radius left (Radius left)
r=0.40 (mm), Rz= 8.0
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Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)

Inner contour

Forces

Cylindrical gear (Kolo_8) y= 650.00 (mm)
Operating pitch diameter (mm) 1227.7778

Helix angle °) 15.1950 right

Working pressure angle at normal section(°) 21.8883

Position of contact point (®) 0.0000

Length of load application (mm) 235.0000

Power (kW) 473.4841 driven (Input)

Torque (Nm) -308000.0000

Axial force (N) 136267.1212

Shearing force X (N) -208873.6335

Shearing force Z (N) 501719.4570

Bending moment X (Nm) -0.0000

Bending moment Z (Nm) 83652.8716

Cylindrical gear (Drazkovani_vlevo) y=1172.50 (mm)
Operating pitch diameter (mm) 310.0000

Spur gear

Working pressure angle at normal section(®) 24.5802

Position of contact point (®) 0.0000

Length of load application (mm) 155.0000

Power (kW) 473.4841 driving (Output)

Torque (Nm) 308000.0000

Axial force (N) -0.0000

Shearing force X (N) -908933.1769

Shearing force Z (N) -1987096.7742

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) -0.0000

Bearing

Spherical roller bearings SKF *23268CA/W33 (SKF_23260 leve) y= 359.00 (mm)

Set fixed bearing left

d = 340.000 (mm), D = 620.000 (mm), B = 224.000 (mm), r = 6.000 (mm)

C =5100.000 (kN), CO = 7800.000 (kN), Cu = 550.000 (kN)

Bearing clearance DIN 620:1988 CO0 (255.00 um)

Spherical roller bearings SKF *23268CA/W33 (SKF 23260 prave) y=911.00 (mm)
Set fixed bearing right

d = 340.000 (mm), D = 620.000 (mm), B = 224.000 (mm), r = 6.000 (mm)

C =5100.000 (kN), CO = 7800.000 (kN), Cu = 550.000 (kN)

Bearing clearance DIN 620:1988 CO0 (255.00 um)

Shaft 'Shaft 1": Cylindrical gear 'Kolo_8' (y= 650.0000 (mm)) is taken into account as component of the shaft.
El (y= 532.5000 (mm)): 14804981182.0139 (Nm_), El (y=  767.5000 (mm)): 14804981182.0139 (Nm_), m (yS= 650.0000 (mm)):
429.8494 (kg)
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Jp:  146.0112 (kg*m,), Jxx: 74.9838 (kg*m,), Jzz:

KISSsoFT
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74.9838 (kg*m.)

Shaft 'Shaft 1": Cylindrical gear 'Drazkovani_vlevo' (y= 1172.5000 (mm)) is taken into account as component of the shaft.
El (y= 1095.0000 (mm)): 62154023.0409 (Nm,), El (y= 1250.0000 (mm)): 62154023.0409 (Nm ), m (yS= 1172.5000 (mm)):

(kg)

Jp: 0.3680 (kg*m.), Jxx: 0.2178 (kg*m ), Jzz:

0.2178 (kg*m.)

maximum deflection 767.57 um (Shaft 1, 1270.00 (mm))
Center of mass

Shaft 1 643.6 mm

Deformation due to torsion

Shaft 1 [phi.t] 0.08 °

Probability of failure [n] 10.00 %

Axial clearance [uA] 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'SKF_23260_leve'

Position (Y-coordinate) [yl
Equivalent load [P]
Equivalent load [PO]
Life modification factor for reliability[a1]
Service life [Lnh]
Operating viscosity [nu]
Reference viscosity [nu1]
static safety factor [SO]
Bearing reaction force [Fx]
Bearing reaction force [Fy]
Bearing reaction force [Fz]
Bearing reaction force [Fr]
Qil level [H]
Torque of friction [Mloss]
Power loss [Ploss]
Displacement of bearing [ux]
Displacement of bearing [uy]
Displacement of bearing [uz]
Displacement of bearing [ur]
Misalignment of bearing [rx]
Misalignment of bearing [ry]
Misalignment of bearing [rz]
Misalignment of bearing [rr]

359.00
1261.54
1261.54

1.000

119497.42
48.88
0.00
6.18
-483.375
0.000
-1165.255
1261.535
275.000
53.883
82.834
0.050
0.011
0.117
0.128
-0.369
-0.000
0.206
0.422

Shaft 'Shaft 1' Rolling bearing 'SKF_23260_prave'

Position (Y-coordinate) [yl
Equivalent load [P]
Equivalent load [PO]

Life modification factor for reliability[a1]
Service life [Lnh]

5/12

911.00
3379.57
3365.95

1.000

4475.25

mm
kN
kN

h
mm /s
mm /s

kN (-112.53°)

mm (67°)

mrad (-1.27")

mrad (0")

mrad (0.71")
(

mrad (1.45")

kN
kN

h

16.8716



Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Displacement [mm]

0.800

.200

.400

[nu]
[nu1]
[SO]
[Fx]
[Fy]
[Fz]
[Fr]

[H]
[Mloss]
[Ploss]
[ux]
[uy]
[uz]
[ur]
[rx]
[ry]
[rZ]

[rr]

48.88
0.00
2.32

1601.182
-136.267
2678.576
3120.665
275.000
141.142
216.976
-0.064
0.010
-0.110
0.128
-0.915

0.391

0.427

1.010

KISSsoFT
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mm /s
mm /s

kN

kN

kN

kN (59.13°)
mm

Nm

mm (-119.95°)
mrad (-3.15")
mrad (1.34")
mrad (1.47")
mrad (3.47")

—~ o~~~

Components - Y-component

Components - Arbitrary plane

.600

.800

0.000

400.000

80

000 |12

.000 1600.000

Figure: Displacement (bending etc.) (Arbitrary plane 64.32976452 °)
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Stress [N/mm?]

270.000 Equivalent stress (GEH)

240.000 — - Equivalent stress (SSH)
210.000 —
180.000 — |
150.000 — |

120.000

90.000

60.000

30.000 A‘

-30.000 T T T ]
0.000 400.0D0 800000 1200.000 1600.000

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

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.00 Hz, Critical speed: 0.00 1/min  Rigid body rotation Y 'Shaft 1'
2. Eigenfrequency: 767.65 Hz, Critical speed: 46059.16 1/min  Bending YZ 'Shaft 1'

Normalized rotation

1.200 =/

Components - X-component

1.000 Components - Y-component
- Components - Z-component
0.800
0.600

0.400

0.200

¢.000 —fY VU7 /72 Z2 -  —7 - ——""/""™=/'"7= -

-0.200

-0.400

-0.600

-0.800

-1.000 T — ; )
.000 400.00d 80Qlooo [1200.p00 1600.000

(=

Figure: Eigenfrequencies (Normalized displacement)
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Normalized displacement

0.300 Components - X-component

0.250 Components - Y-component

Components - Z-component
0.200

0.150

0.100

-0.050

-0.100

-0.150

-0.200 T T T ]
0.000 400.0D0 800000 1200.000 1600.000

Figure: Eigenfrequencies (Normalized rotation)
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Strength calculation as specified in

DIN 743:2012
Summary
Label Shaft 1
Drawing
Material 42 CrMo 4 (2)
Material type Through hardened steel
Material treatment flame/ind. hardened
Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

A-A 1095.00 Smooth shaft

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 1.00 0.89 0.80 2.38 2.26
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending

Kfsig: Surface factor

K2d: Size coefficient bending

SD: Safety endurance limit

SS: Safety against yield point
SA: Safety against incipient crack

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]

9/12
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SA
9.98

1.20



Utilization [%]
270.000 —/

240.000

210.000

180.000

150.000

120.000

90.000

60.000

30.000

Utilization - endurance

0.000 T T T iii|
0.000 4oo.o|c| 804000 1200.

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing

Length (mm)

Speed (1/min)

000 1600.000

Ul
(n]

Material 42 CrMo 4 (2)

Material type Through hardened steel
Material treatment flame/ind. hardened
Surface treatment No

Load factor static calculation
Load factor endurance limit

Reference diameter material (mm)

sigB according DIN 743 (at dB) (N/mm?)
sigS according DIN 743 (at dB) (N/mm?)
[sigzdW] (bei dB) (N/mm?)

[sigbW] (bei dB) (N/mm?)

[tautW] (bei dB) (N/mm?)

Thickness of raw material (mm)

Utilization - static

1270.00
14.68

KISSsoFT
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Tension/Compression Bending Torsion Shearing

1.700
1.000

[dB]

[sigB]
[sigS]

[dWerkst]

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

[sigBeff] (N/mm?)

10/12

1.700
1.000

16.00
1100.00
900.00
440.00
550.00
330.00
1110.00

737.00

1.700
1.000



[sigSeff] (N/mm?)
[sigbF] (N/mm?)
[tautF] (N/mm?)
[sigBRand] (N/mm?)

[sigzdW] (N/mm2)
[sigbW] (N/mm2)
[tautW] (N/mm?)

Endurance limit for single stage use

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

Cross section 'A-A’ Smooth shaft
Comment

Position (Y-Coordinate) (mm)

External diameter (mm)
Inner diameter (mm)
Notch effect

Mean roughness (um)

Smooth shaft

Stress: (N) (Nm)

Mean value

Amplitude

Maximum value

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

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?)
[sigzda, sigba, taua, tauga] (N/mm?)
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?)

Technological size influence [K1(sigB)]

[K1(sigS)]
Notch effect coefficient [beta]
Geometrical size influence [K2(d)]
Influence coefficient surface roughness

[KF]
Influence coefficient surface strengthening

[KV]
Total influence coefficient [K]
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK]
Influence coeff. mean stress sensitivity.

[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Margin of safety endurance limit [S]
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513.00
564.30
325.80
2050.00

294.80
368.50
221.10

] 1095.00
[da] 280.000
[di] 0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

-0.0 0.0 154000.0 0.0
0.0 169415.3 154000.0 2185989.1
-0.0 288006.0 523600.0 3716181.4
61575.2 2155132.6 4310265.1 61575.2
-0.000 0.000 35.729 0.000
0.000 78.610 35.729 47.335
-0.000 133.637 121.477 80.469
0.670
0.570

Tension/Compression Bending Torsion

1.000 1.000 1.000
1.000 0.800 0.800
0.887 0.887 0.935
1.000 1.000 1.000
1.127 1.377 1.319
61.884
35.729
261.623  267.647 167.603
0.216 0.222 0.128
0.008  227.851 148.546
2.378
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Required safety [Smin] 1.200
Result (%) [S/Smin] 198.1

Present margin of safety
for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 513.000 564.300 325.799
Margin of safety yield stress [S] 2.264

Required safety [Smin] 1.200

Result (%) [S/Smin] 188.7

Present margin of safety
for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 9.978
Required safety [Smin] 1.200
Result (%) [S/Smin] 831.5
Remarks:

- The shearing force is not considered in the analysis specified in DIN 743.
- Cross section with interference fit:
The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..

End of Report lines: 433
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KISSsoft evaluation

File

KISSsoft Release 03/2013

KISSsoFT

Cakulabon programs for meching derign

Name : Nalisovani_kolo3

Changed by: Lenka

am: 04.05.2014

um: 17:28:11

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

1-> For the raw diameter (
the database has no values

for tensile stress and yield point !

Guessed values are assumed.
For the input of material data:

Call the KISSsoft database tool in the menu Extras

Cylindrical interference fit

Calculation method: According DIN 7190:2001 (elastic range)

150 mm) of the material (18CrNiMo7-6)

with additions (Centrifugal force, Micro sliding, Assembly, etc.)

for shrunken or pressed fits

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

Diameter of joint (mm)
Tolerance Shaft

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

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

Nominal torque (Nm)
Application factor
Service torque (Nm)
Axial force (N)

Bending moment (Nm)
Radial force (N)
Circumferential force (N)
Speed (1/min)
Interference (um)
Embedding (um)

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

Service temperature shaft (°C)
Service temperature hub (°C)
Pressure stress by

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

- Interference (working) (N/mm?)
- Bending moment (N/mm?)

1/3

[DIAV[DIl] 145.00/
[DaAJ/[Dal] 292.49/145.00

U

[DF]

[Aol]
[Aul]
[T1]

[ACA]
[AUA]
[TA]
[Po]
[Pu]

(M
[KA]
[Tb]
[FA]
[Mb]
[Fr]
[Fu]
[n]
[P]
[s]
[Pw]

[PwTh]

[ThB]
[ThB]

[PM]
[P]
[pb]

72.00

145.00
u6
215.0
190.0
25.0
H7
40.0
0.0
40.0
215.0
150.0

7600.00
1.25
9500.00
9471.60
0.00
15325.00
131034.48
800.00
182.5 (
7.68
174.82 (
174.82 (
20
20

93.66 (
93.30 (
0.00

0.00

150.0..

142.3..
142.3..

76.25
75.89

215.0)

207.3)
207.3)

.. 111.08)
. 110.71)



- Radial force (N/mm?)

Coefficient of friction, axial
Coefficient of friction, circumferential
Safety against sliding

Required safety against sliding

Equivalent stress according to von Mises

Shaft

Material

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

Density (kg/m?)

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

Yield point (N/mm?)

(107-6/K)

Surface class of roughness
Surface roughness (um)

External diameter (mm)

Diameter increase (um)

Diameter increase (0/00)
Equivalent stress outsideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

- With outside load (N/mm?)

Inner diameter (mm)

Equivalent stress insideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point
Required safety against yield point

Hub

Material

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

Density (kg/m?)

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

Yield point (N/mm?)

(107-6/K)

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

2/3
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[pr] 1.47

[myal] 0.100

[myu] 0.100

[Sr] 233( 1.89. 2.76)
[SSr] 1.20

18CrNiMo7-6

[EN 206000.00

[nyl] 0.30

[rho] 7830.00

[alpha] 11.50

[Rm] 600.00 (d= 0- Omm)
[Rp] 425.00 (d= 0- Omm)

N6 Rz=4.8 (Grinding)

[Rz] 4.80
[DIA] 145.00

[deltaD]  -45.93 ( -37.35.. -54.51)
[deltaD] -0.32( -0.26.. -0.38)
[sigVal 93.27 ( 75.86.. 110.68)
[sigRa]  -93.30 ( -75.89.. -110.71)
[sigTa]  -93.25( -75.83.. -110.66)
[sigVaMF] 94.74 ( 77.33.. 112.15)
[Dil] 0.00

[sigVi] 93.18 ( 75.77.. 110.59)
[sigRi] -93.18 ( -75.77.. -110.59)
[sigTi] -93.18 ( -75.77.. -110.59)
[SiRm] 6.33( 7.76.. 5.35)

[SSiRm]  1.50

[Si.Rp] 449 ( 550. 3.79)
[SSi.Rp] 1.00

18CrNiMo7-6
[EA] 206000.00
[nyA] 0.30
[rho] 7830.00
[alpha] 11.50
[Rm] 900.00 (d= 40- 100mm)
[Rp] 640.00 (d= 40- 100mm)

N6 Rz=4.8 (Grinding)

[Rz] 4.80
[DaA] 292.49
[deltaD] ~ 86.96 ( 70.85.. 103.07)
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Diameter increase (0/00) [deltaD] 0.30( 0.24.. 0.35)
Equivalent stress outsideg (N/mm?) [sigVa] 61.24 ( 49.90.. 72.59)
- Radial stress (N/mm?) [sigRa] -0.00 ( -0.00.. -0.00)
- Tangential stress (N/mm?) [sigTa] 61.24 ( 49.90.. 72.59)
Inner diameter (mm) [Dal] 145.00
Diameter increase (um) [deltaD] 128.89 (1 104.97.. 152.81)
Diameter increase (0/00) [deltaD] 0.89( 0.72.. 1.05)
Equivalent stress insideg (N/mm?) [sigVi] 217.34 (176.96.. 257.73)
- Radial stress (N/mm?) [sigRi] -93.30 ( -75.89.. -110.71)
- Tangential stress (N/mm?) [sigTi] 155.12 ( 126.36.. 183.88)
- With outside load (N/mm?) [sigViIMF] 220.75 ( 180.36.. 261.14)
Safety against fracture [Si.Rm] 4.08( 4.99.. 345
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Re] 290 ( 3.55.. 2.45)
Required safety against yield point [SSi.Re] 1.00
Mere elastic stress, no verification of elastic plastic interference fit according to DIN 7190.
Service / Mounting / Remounting
Transverse-interference-fit:
Mounting clearance (mm) [PsTh] 0.145
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
20 236
-150 110

(calculated using coefficient of thermal expansion)
shaft according to DIN 7190 (107-6/K) [alpha] 8.50
Longitudinal pressure fit:
Assembly temperature shaft (°C) [ThM] 20.00
Assembly temperature hub (°C) [ThM] 20.00
Coefficient. of friction (Longitudinal) [mye=mya*1.3] 0.13
Press on (force) (kN) [Fpress]  399.36 ( 325.12.. 473.60)
Coefficient. of friction (Longitudinal) [myll=mya*1.6] 0.16
Press out (force) (kN) [Fpress]  491.52 ( 400.14.. 582.89)
Coefficient. of friction [my] 0.16
Max. torque to avoid Micro sliding (Nm) [Tlimit] 10940.72 ( 8898.81.. 12982.63)
Notice concerning the display: Number-1 (Number-2.. Number-3):

Number-1: Value calculated with the mean allowance

Number-2: Value of the smallest possible allowance

Number-3: Value of the largest possible allowance
Notice: All strains and stresses are calculated for the purely elastic case.
End of Report lines: 157
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Important hint: At least one warning has occurred during the calculation:

1-> For the raw diameter (
the database has no values
for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

2-> For the raw diameter (
the database has no values
for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Cylindrical interference fit [MO01a]

Calculation method: According DIN 7190:2001 (elastic range)

240 mm) of the material (18CrNiMo7-6)

240 mm) of the material (18CrNiMo7-6)

with additions (Centrifugal force, Micro sliding, Assembly, etc.)

for shrunken or pressed fits

Diameter shaft (mm)
Diameter hub (mm)

[DIAY/[DIl]

238.00/ 0.00

[DaAJ/[Dal] 704.94/238.00

Length of Interference fit (mm) [1 148.00
Diameter of joint (mm) [DF] 238.00
Tolerance Shaft ué
Upper allowance Shaft (um) [Aol] 313.0
Lower allowance Shaft (um) [Aul] 284.0
Tolerance measure Shaft (um) [TI] 29.0
Tolerance hub H7
Upper allowance Hub (um) [AoA] 46.0
Lower allowance Hub (um) [AuA] 0.0
Tolerance measure Hub (um) [TA] 46.0
Largest interference (um) [Po] 313.0
Smallest interference (um) [Pu] 238.0
Nominal torque (Nm) [T] 77400.00
Application factor [KA] 1.25
Service torque (Nm) [Tb] 96750.00
Axial force (N) [FA] 56922.80
Bending moment (Nm) [Mb] 0.00
Radial force (N) [Fr] 109719.40
Circumferential force (N) [Ful 813025.21
Speed (1/min) [n] 72.70
Interference (um) [P] 275.5( 238.0.. 313.0)
Embedding (um) [s] 7.68
Effective interference at 20°C(68°F) (um) [Pw] 267.82 ( 230.3.. 305.3)

1/4



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

Service temperature hub (°C)
Pressure stress by

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

- Bending moment (N/mm?)

- Radial force (N/mm?)

Coefficient of friction, axial

Coefficient of friction, circumferential
Safety against sliding

Required safety against sliding

Equivalent stress according to von Mises

Shaft

Material

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

Density (kg/m?)

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

Yield point (N/mm?)

(107-6/K)

Surface class of roughness
Surface roughness (um)

External diameter (mm)

Diameter increase (um)

Diameter increase (0/00)
Equivalent stress outsideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

- With outside load (N/mm?)

Inner diameter (mm)

Equivalent stress insideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point
Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion (107-6/K)
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[PwTh] 267.82 ( 230.3.. 305.3)
[ThB] 20
[ThB] 20
[pPM] 102.69 ( 88.31.. 117.07)
[p] 102.67 ( 88.29.. 117.05)
[pb] 0.00
[pr] 3.1
[myal] 0.100
[myu] 0.100
[Sr] 1.39( 1.20.. 1.59)
[SSr] 1.20
18CrNiMo7-6

[El] 206000.00
[nyl] 0.30
[rho] 7830.00
[alpha] 11.50
[Rm] 600.00 (d= O0- Omm)
[Rp] 425.00 (d= 0- Omm)

N6 Rz=4.8 (Grinding)
[Rz] 4.80
[DiA] 238.00
[deltaD] -83.03 ( -71.41.. -94.66)
[deltaD] -0.35( -0.30.. -0.40)
[sigVa] 102.67 ( 88.29.. 117.05)
[sigRa] -102.67 ( -88.29.. -117.05)
[sigTa] -102.67 ( -88.29.. -117.05)
[sigvVaMF] 105.79 ( 91.41.. 120.17)
[Dil] 0.00
[sigVi] 102.67 ( 88.29.. 117.05)
[sigRi] -102.67 ( -88.29.. -117.05)
[sigTi] -102.67 ( -88.29.. -117.05)
[SiRm] 5.67( 6.56.. 4.99)
[SSi.Rm] 1.50
[Si.Rp] 4.02( 4.65. 3.54)
[SSi.Rp] 1.00

18CrNiMo7-6

[EA] 206000.00
[nyA] 0.30
[rho] 7830.00
[alpha] 11.50
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Tensile strength (N/mm?2) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?2) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)

Surface roughness (um) [Rz] 4.80

External diameter (mm) [DaA] 704.94

Diameter increase (um) [deltaD] 90.45( 77.79.. 103.12)
Diameter increase (0/00) [deltaD] 0.13( 0.11.. 0.15)
Equivalent stress outsideg (N/mm?) [sigVa] 26.43 ( 22.73.. 30.13)
- Radial stress (N/mm?) [sigRa] 0.00( 0.00.. 0.00)
- Tangential stress (N/mm?) [sigTa] 26.43 ( 22.73.. 30.13)
Inner diameter (mm) [Dal] 238.00

Diameter increase (um) [deltaD] 184.79 ( 158.91.. 210.66)
Diameter increase (0/00) [deltaD] 0.78( 0.67.. 0.89)
Equivalent stress insideg (N/mm?) [sigVi] 201.19 ( 173.02.. 229.36)
- Radial stress (N/mm?) [sigRi] -102.67 ( -88.29.. -117.05)
- Tangential stress (N/mm?) [sigTi] 129.14 ( 111.06.. 147.22)
- With outside load (N/mm?) [sigVIMF] 207.29 ( 179.12.. 235.46)
Safety against fracture [Si.Rm] 289 ( 3.35. 2.55)
Required safety against fracture [SSi.Rm] 1.50

Safety against yield point [Si.Re] 205( 2.37. 1.80)
Required safety against yield point [SSi.Re] 1.00

Mere elastic stress, no verification of elastic plastic interference fit according to DIN 7190.

Service / Mounting / Remounting

Transverse-interference-fit:

Mounting clearance (mm) [PsTh] 0.238
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
20 221
-150 96
(calculated using coefficient of thermal expansion)
shaft according to DIN 7190 (107-6/K) [alpha] 8.50
Longitudinal pressure fit:
Assembly temperature shaft (°C) [ThM] 20.00
Assembly temperature hub (°C) [ThM] 20.00
Coefficient. of friction (Longitudinal) [mye=mya*1.3] 0.13
Press on (force) (kN) [Fpress]  1477.32 (
Coefficient. of friction (Longitudinal) [myll=mya*1.6] 0.16
Press out (force) (kN) [Fpress]  1818.25 (
Notice:
Micro sliding can occur in Interference fit!
=> Risk of contact corrosion.
Coefficient. of friction [my] 0.16
Max. torque to avoid Micro sliding (Nm) [Tlimit] 57820.28

3/4

1270.47.. 1684.18)

1563.66.. 2072.84)

(49722.69..65917.87)
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Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance

Notice: All strains and stresses are calculated for the purely elastic case.

End of Report lines: 160
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Important hint: At least one warning has occurred during the calculation:

1-> For the raw diameter (
the database has no values
for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

2-> For the raw diameter (
the database has no values
for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Cylindrical interference fit [MO01a]

Calculation method: According DIN 7190:2001 (elastic range)

390 mm) of the material (18CrNiMo7-6)

420 mm) of the material (18CrNiMo7-6)

with additions (Centrifugal force, Micro sliding, Assembly, etc.)

for shrunken or pressed fits

Diameter shaft (mm)
Diameter hub (mm)

[DIAY/[DIl]

385.00/ 0.00

[DaAJ/[Dal] 1211.30/385.00

Length of Interference fit (mm) [1 235.00
Diameter of joint (mm) [DF] 385.00
Tolerance Shaft ué
Upper allowance Shaft (um) [Aol] 471.0
Lower allowance Shaft (um) [Aul] 435.0
Tolerance measure Shaft (um) [TI] 36.0
Tolerance hub H7
Upper allowance Hub (um) [AoA] 57.0
Lower allowance Hub (um) [AuA] 0.0
Tolerance measure Hub (um) [TA] 57.0
Largest interference (um) [Po] 471.0
Smallest interference (um) [Pu] 378.0
Nominal torque (Nm) [T] 308000.00
Application factor [KA] 1.00
Service torque (Nm) [Tb] 308000.00
Axial force (N) [FA] 539782.00
Bending moment (Nm) [Mb] 0.00
Radial force (N) [Fr] 144634.00
Circumferential force (N) [Ful 1600000.00
Speed (1/min) [n] 17.90
Interference (um) [P] 4245 ( 378.0.. 471.0)
Embedding (um) [s] 7.68
Effective interference at 20°C(68°F) (um) [Pw] 416.82 ( 370.3.. 463.3)
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Effective interference at working temp.. (um)
Service temperature shaft (°C)

Service temperature hub (°C)
Pressure stress by

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

- Bending moment (N/mm?)

- Radial force (N/mm?)

Coefficient of friction, axial

Coefficient of friction, circumferential
Safety against sliding

Required safety against sliding

Equivalent stress according to von Mises

Shaft

Material

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

Density (kg/m?)

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

Yield point (N/mm?)

(107-6/K)

Surface class of roughness
Surface roughness (um)

External diameter (mm)

Diameter increase (um)

Diameter increase (0/00)
Equivalent stress outsideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

- With outside load (N/mm?)

Inner diameter (mm)

Equivalent stress insideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point
Required safety against yield point

Hub

Material

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

Density (kg/m?)

Coefficient of thermal expansion (107-6/K)
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[PwTh] 416.82 ( 370.3.. 463.3)
[ThB] 20
[ThB] 20
[pPM] 100.25 ( 89.06.. 111.43)
[p] 100.24 ( 89.06.. 111.43)
[pb] 0.00
[pr] 1.60
[myal] 0.100
[myu] 0.100
[Sr] 1.69( 1.50.. 1.88)
[SSr] 1.20

18CrNiMo7-6

[EN 206000.00
[nyl] 0.30
[rho] 7830.00
[alpha] 11.50
[Rm] 600.00 (d= O0- Omm)
[Rp] 425.00 (d= 0- Omm)

N6 Rz=4.8 (Grinding)
[Rz] 4.80
[DiA] 385.00
[deltaD] -131.14 ( -116.51.. -145.77)
[deltaD] -0.34 ( -0.30.. -0.38)
[sigVa] 100.24 ( 89.06.. 111.43)
[sigRa] -100.24 ( -89.06.. -111.43)
[sigTa] -100.24 ( -89.06.. -111.43)
[sigvaMF] 101.84 ( 90.66.. 113.03)
[Dil 0.00
[sigVi] 100.24 ( 89.06.. 111.43)
[sigRi] -100.24 ( -89.06.. -111.43)
[sigTi] -100.24 ( -89.06.. -111.43)
[SiRm] 5.89( 6.62.. 5.31)
[SSi.Rm] 1.50
[Si.Rp] 417 ( 4.69.. 3.76)
[SSi.Rp] 1.00

18CrNiMo7-6

[EA] 206000.00
[nyA] 0.30
[rho] 7830.00
[alpha] 11.50



Tensile strength (N/mm?)
Yield point (N/mm?)

Surface class of roughness
Surface roughness (um)

External diameter (mm)

Diameter increase (um)

Diameter increase (0/00)
Equivalent stress outsideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

Inner diameter (mm)

Diameter increase (um)

Diameter increase (0/00)
Equivalent stress insideg (N/mm?)
- Radial stress (N/mm?)

- Tangential stress (N/mm?)

- With outside load (N/mm?)

Safety against fracture
Required safety against fracture

Safety against yield point
Required safety against yield point

KISSsoFT
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[Rm] 600.00 (d= 0- Omm)
[Rp] 425.00 (d= 0- Omm)

N6 Rz=4.8 (Grinding)

[Rz] 4.80

[DaA]  1211.30

[deltaD]  132.49 ( 117.71.. 147.27)
[deltaD] 0.11( 0.10.. 0.12)
[sigVal 2253 ( 20.02.. 25.05)
[sigRa] -0.00( 0.00.. -0.00)
[sigTa] 2253 ( 20.02.. 25.05)
[Dal] 385.00

[deltaD] ~ 285.68 ( 253.81.. 317.55)
[deltaD] 0.74( 066.. 0.82)
[sigVi] 193.47 (171.89.. 215.06)
[sigRi] -100.24 ( -89.06.. -111.43)
[sigTi] 122.78 ( 109.09.. 136.48)
[sigViIMF] 196.56 ( 174.98.. 218.14)
[Si.Rm] 3.05( 3.43. 2.75)

[SSiRm]  1.50

[Si.Re] 216 ( 2.43.. 1.95)
[SSi.Re] 1.00

Mere elastic stress, no verification of elastic plastic interference fit according to DIN 7190.

Service / Mounting / Remounting

Transverse-interference-fit:
Mounting clearance (mm)
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature:
20 213
-150 88

(calculated using coefficient of thermal expansion)

shaft according to DIN 7190 (107-6/K)
Longitudinal pressure fit:

Assembly temperature shaft (°C)
Assembly temperature hub (°C)
Coefficient. of friction (Longitudinal)

Press on (force) (kN)

Coefficient. of friction (Longitudinal)

Press out (force) (kN)

Notice:
Micro sliding can occur in Interference fit!
=> Risk of contact corrosion.

Coefficient. of friction

Max. torque to avoid Micro sliding (Nm)

3/4

[PsTh] 0.385
[ThA] (°C)
[alpha] 8.50
[ThM] 20.00
[ThM] 20.00
[mye=mya*1.3] 0.13
[Fpress]  3704.21 (3290.97.. 4117.45)
[myll=mya*1.6] 0.16
[Fpress]  4559.03 (4050.43.. 5067.63)
[my] 0.16
[Tlimit] 240648.18 (213800.72..267495.64)
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Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance

Notice: All strains and stresses are calculated for the purely elastic case.

End of Report lines: 160
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Name : Ozubeni_spojka
Changed by: Lenka am: 04.05.2014 um: 16:08:37
CALCULATION OF A CYLINDRICAL SPUR GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Strength calculation with load spectrum
Required service life (h): 2400.00
Load spectrum
Nominal Power [P] 460.9345 kW
Application factor [KA] 1.00
Load spectrum : Own Input
Number of element in the Load spectrum: 2
Reference gear: 1

i [%] [kW] [1/min] [Nm] KV KHb Kgam YM1 YM2 Oil°

1 20.00000 460.9345 786.0000 5600.0000 1.0591 1.0555 1.0000 1.0000 1.0000 70
2 80.00000 322.6541 786.0000 3920.0000 1.0682 1.0786 1.0000 1.0000 1.0000 70

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- 1SO 6336, part 6

During the calculation al the load-coefficients (ISO6336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Notice:

Calculation with methods 1ISO6336 and AGMA 2001 results in a reduction
of resistance in the domain of fatigue resistance

(from circa 1077 to 1010 cycles with a reduction of circa 15 %).

The lifetime calculation takes this into account

(also with the S-N curve (Woehler Curve) of the Miner type).

Safety root: 0.94 0.81
Safety flank: 0.89 0.89
Safety scuffing (Integral) 2.38
Safety scuffing (Flash) 2.57

(Safety against scuffing/micropitting/EHT is indicated for the weakest element of the load spectrum.)
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ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method

Power (kW)

Speed (1/min)

Torque (Nm)

Application factor
Required service life

Gear driving (+) / driven (-)

ISO 6336:2006 Method B

[P]
[n]
(M
[KA]
[H]

1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to

DIN 3960:1987)

Center distance (mm)

Centre distance tolerance
Normal module (mm)

Pressure angle at normal section (°)
Helix angle at reference circle (°)
Number of teeth

Facewidth (mm)

Hand of gear

Accuracy grade

Inner diameter (mm)

Inner diameter of gear rim (mm)

Material
Gear 1:

Gear 2:

Surface hardness

[a]

ISO 286:2010 Measure js7

[mn]
[alfn]
[beta]
[z]

[b]

[Q-1SO 1328:1995]
[di]
[dbi]

KISSsoFT
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GEAR 1 ---—---- GEAR 2 --
460.934
786.0 786.0
5600.0 5600.0
1.00
2400.00
+ -
GEAR 1 ---—---- GEAR 2 --
168.000
4.0000
20.0000
0.0000
42 42
131.00 49.00
Spur gear
8 6
0.00 0.00
0.00 0.00

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

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

Fatigue strength. tooth root stress (N/mm?)
Fatigue strength for Hertzian pressure (N/mm?2)

Tensile strength (N/mm?)

Yield point (N/mm?)

Young's modulus (N/mm?)

Poisson's ratio

Mean roughness, Ra, tooth flank (um)
Mean roughness height, Rz, flank (um)
Mean roughness height, Rz, root (um)

Tool or reference profile of gear
Reference profile 1.25/0.38/
Dedendum coefficient

Root radius factor

2/10

[sigFlim]
[sigHlim]
[Rm]
[Rp]

[E]

[ny]
[RAH]
[RZH]
[RZF]

1:
1.0 ISO 53.2:1997 Profil A
[hfP*]
[rhofP*]

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

HRC 61 HRC 61

430.00 430.00

1500.00 1500.00

1200.00 1200.00

850.00 850.00

206000 206000

0.300 0.300

0.60 0.60

4.80 4.80

20.00 20.00

1.250
0.380
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Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Tool or reference profile of gear 2:
Reference profile 1.25/0.38/1.0 ISO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (in module) [hfP*] 1.250 1.250
Root radius reference profile (in module) [rofP*] 0.380 0.380
Addendum reference profile (in module) [haP*] 1.000 1.000
Protuberance height coefficient (in module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (in module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)

Tip relief (um) [Ca] 2.0 2.0
Lubrication type oil bath lubrication
Type of ol Oil: ISO-VG 220
Lubricant base Mineral-oil base
Kinem. viscosity ~ oilat 40 °C (mm?s) [nu40] 220.00
Kinem. viscosity  oil at 100 °C (mm?/s) [nu100] 17.50
FZG test A/8.3/90 ( ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [roQil] 0.895
Oil temperature (°C) [TS] 70.000

------- GEAR 1 -——---—-- GEAR 2 --
Overall transmission ratio [itot] -1.000
Gear ratio [u] 1.000
Transverse module (mm) [mt] 4.000
Pressure angle at pitch circle (°) [alft] 20.000
Working transverse pressure angle (°) [alfwt] 20.000

[alfwt.efi] 20.019/ 19.981

Working pressure angle at normal section (°) [alfwn] 20.000
Helix angle at operating pitch circle (°) [betaw] 0.000
Base helix angle (°) [betab] 0.000
Reference centre distance (mm) [ad] 168.000
Sum of profile shift coefficients [Summexi] 0.0000
Profile shift coefficient [x] 0.0000 0.0000
Tooth thickness (Arc) (module) (module) [sn*] 1.5708 1.5708
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Tip alteration (mm)
Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)
(mm)

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

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

(mm)

Root diameter (mm)
Generating Profile shift coefficient
Manufactured root diameter with xE (mm)
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Active root diameter (mm)

(mm)
Root form diameter (mm)

(mm)
Reserve (dNf-dFf)/2 (mm)
Addendum (mm)

(mm)
Dedendum (mm)
(mm)
Roll angle at dFa (°)
Roll angle to dNa (°)
Roll angle to dNf (°)
Roll angle at dFf (°)
Tooth height (mm)
Virtual gear no. of teeth
Normal tooth thickness at tip cyl. (mm)
(mm)
Normal spacewidth at root cylinder (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)
Length T1-A, T2-A (mm)
Length T1-B (mm)
Length T1-C (mm)
Length T1-D (mm)
Length T1-E (mm)
Length T1-T2 (mm)
Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio
Minimal length of contact line (mm)

Transverse contact ratio
Transverse contact ratio with allowances
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[k*mn] 0.000 0.000

[d] 168.000 168.000

[db] 157.868 157.868

[da] 176.000 176.000
[da.efi] 176.000/ 175.990 176.000/ 175.990
[Ada.efi] 0.000/ -0.010 0.000/ -0.010
[dFa] 176.000 176.000
[dFa.efi] 176.000/ 175.990 176.000/ 175.990
[dNa.e/i] 176.000/ 175.990 176.000/ 175.990
[dw] 168.000 168.000
[dw.efi] 168.020/ 167.980 168.020/ 167.980
[df] 158.000 158.000
[XE.efi] -0.0326/  -0.0498 -0.0326/  -0.049
[df.efi] 157.739/ 157.602 157.739/ 157.602
[c] 1.000 1.000

[c.efi] 1.224/ 1111 1.224/ 1.111
[dNf] 162.172 162.172
[dNf.efi] 162.204/ 162.146 162.204/ 162.146
[dFf] 161.503 161.503

[dFf.efi] 161.344/ 161.261 161.344/ 161.261
[cF.efi] 0.472/ 0.401 0.472/ 0.401
[ha=mn*(haP*+x)] 4.000 4.000
[ha.efi] 4.000/ 3.995 4.000/ 3.995
[hf=mn*(hfP*-x)] 5.000 5.000
[hf.efi] 5.131/ 5.199 5.131/ 5.199
[xsi_dFa.efi] 28.238/  28.230 28.238/  28.230
[xsi_dNa.efi] 28.238/  28.230 28.238/  28.230
[xsi_dNf.efi] 13.521/  13.427 13.521/  13.427
[xsi_dFf.e/i] 12.088/  11.942 12.088/  11.942
[H] 9.000 9.000

[zn] 42.000 42.000
[san] 3.056 3.056
[san.eli] 2.962/ 2.905 2.962/ 2.905
[efn] 3.558 3.558
[efn.efi] 0.000/ 0.000 0.000/ 0.000
[vga] 1.675 1.675
[zetaa] 0.523 0.523
[zetaf] -1.096 -1.096

[Kga] 0.242 0.242
[Kgf] -0.242 -0.242

[pt] 12.566

[pbt] 11.809

[pet] 11.809

[ga, efi] 20.345( 20.404/  20.264)

[T1A, T2A] 18.557( 18.499/ 18.627) 38.902( 38.902/
[T1B, T2B] 27.094( 27.094/ 27.083) 30.366( 30.307/
[T1C, T2C] 28.730( 28.700/ 28.759) 28.730( 28.700/
[T1D, T2D] 30.366( 30.307/ 30.435) 27.094( 27.094/
[T1E, T2E] 38.902( 38.902/ 38.891) 18.557( 18.499/
[T1T2] 57.459 ( 57.401/ 57.518)
[d-B] 166.909( 166.909/ 166.902) 169.147( 169.105/
[d-D] 169.147( 169.105/ 169.197) 166.909( 166.909/
[eps] 0.861( 0.864/ 0.858) 0.861(  0.864/
[Lmin] 49.000

[eps_a] 1.723

[eps_a.e/m/i] 1.728/ 1.722/ 1.716

8

38.891)
30.435)
28.759)
27.083)
18.627)

169.197)
166.902)
0.858)



Overlap ratio [eps_b]
Total contact ratio [eps_d]
Total contact ratio with allowances [eps_g.e/m/i]

2. FACTORS OF GENERAL INFLUENCE

------- GEAR 1
Nominal circum. force at pitch circle (N) [Ft]
Axial force (N) [Fa]
Radial force (N) [Fr]
Normal force (N) [Fnorm]
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w]
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw]
Axial force (N) [Faw]
Radial force (N) [Frw]
Circumferential speed pitch d.. (m/sec) [v]
Running-in value (um) [yp]
Running-in value (um) [yf]
Correction coefficient [CM]
Gear body coefficient [CR]
Reference profile coefficient [CBS]
Material coefficient [E/Est]
Singular tooth stiffness (N/mm/um) [c]
Meshing stiffness (N/mm/pm) [cgalf]
Meshing stiffness (N/mm/pm) [cgbet]
Reduced mass (kg/mm) [mRed]
Resonance speed (min-1) [nE1]
Resonance ratio (-) [N]
Subcritical range
Running-in value (um) [ya]
Bearing distance | of pinion shaft (mm) [1
Distance s of pinion shaft (mm) [s]
Outside diameter of pinion shaft (mm) [dsh]
Load according to figure 13, 1ISO 6336-1:2006 [-]

0:a), 1:b), 2:c), 3:d), 4:e)
Coefficient K' according to Figure 13,
ISO 6336-1:2006 [K"

Without support effect
Tooth trace deviation (active) (um) [Fby]
from deformation of shaft (um) [fsh*B1]

Tooth without tooth trace modification
Position of Contact pattern: favorable

from production tolerances (um) [fma*B2]
Tooth trace deviation, theoretical (um) [Fbx]
Running-in value (um) [yb]
Dynamic factor [KV]
Face load factor - flank [KHb]

- Tooth root [KFb]

- Scuffing [KBb]
Transverse load factor - flank [KHa]

- Tooth root [KFa]
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0.000
1.723
1.728 /1 1.722/ 1.716

66666.7

0.0
24264.7
70945.2
1360.54

66666.7
0.0
24264.7
6.91

1.4
1.7
0.800
1.000
0.975
1.000
13.667
21.077
17.915
0.04798
4765
0.165

1.4
262.000
26.200
131.000
4

-1.00
8.93

0.96

23.26
10.50
1.58

1.059
1.055
1.045

1.055

1.000
1.000
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- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.000
Number of load cycles (in mio.) [NL] 113.184 113.184

3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)

------- GEAR 1 ---—--- GEAR 2 --
Tooth form factor [YF] 1.26 1.26
Stress correction factor [YS] 2.05 2.05
Working angle (°) [alfFen] 19.04 19.04
Bending lever arm (mm) [hF] 3.81 3.81
Tooth thickness at root (mm) [sFn] 8.56 8.56
Tooth root radius (mm) [roF] 210 2.10
(hF* = 0.952/0.952 sFn*= 2.140/2.140 roF* = 0.526/0.526 dsFn = 159.62/159.62 alfsFn = 30.00/ 30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 1.000
Deep tooth factor [YDT] 1.000
Gear rim factor [YB] 1.000 1.000
Effective facewidth (mm) [beff] 57.00 49.00
Nominal stress at tooth root (N/mm?) [sigFO] 752.50 875.36
Tooth root stress (N/mm?) [sigF] 833.01 969.01
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 0.995 0.995
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 1.000 1.000
Finite life factor [YNT] 0.930 0.930
[YdrelT*YRrelT*YX*YNT] 0.886 0.886
Alternating bending 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=sigF G/SFmin] 543.97 543.97
Limit strength tooth root (N/mm?) [sigFG] 761.56 761.56
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 0.91 0.79
Transmittable power (kW) [kWRating] 301.00 258.75
4. SAFETY AGAINST PITTING (TOOTH FLANK)
------- GEAR 1 ---—--- GEAR 2 --
Zone factor [ZH] 2.495
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.871
Helix angle factor [Zbet] 1.000
Effective facewidth (mm) [beff] 49.00
Nominal flank pressure (N/mm?) [sigHO] 1660.21
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 1755.35
Single tooth contact factor [ZB,ZD] 1.00 1.00
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Flank pressure (N/mm?) [sigH]
Lubrication coefficient at NL [ZL]
Speed coefficient at NL [ZV]
Roughness coefficient at NL [ZR]
Material pairing coefficient at NL [ZW]
Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]
Small amount of pitting permissible (0O=no, 1=yes)
Size coefficient (flank) [ZX]
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin]
Limit strength pitting (N/mm?) [sigHG]
Safety for surface pressure at operating pitch circle
[SHw]
Required safety [SHmiIn]
Transmittable power (kW) [kWRating]
4b. MICROPITTING ACCORDING TO 1ISO TR 15144-1:2010

1758.21

1.020
0.990
0.972
1.000
0.975
0.958

1.000
1436.63
1436.63

0.82
1.00
307.75

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
ISO TR 13989:2000

Lubrication coefficient (for lubrication type)

Multiple meshing factor

Relative structure coefficient (Scuffing)

Thermal contact factor (N/mm/s*.5/K)

Relevant tip relief (um)

Optimal tip relief (um)

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

Applicable circumferential force/facewidth (N/mm)

(Kbg = 1.000, wBt*Kbg = 1520.956)
Pressure angle factor (eps1:
0.861, eps2: 0.861)

Flash temperature-criteria

Lubricant factor

Tooth mass temperature (°C)

theM = theoil + XS*0.47*Xmp*theflm

Scuffing temperature (°C)

Coordinate gamma (point of highest temp.)
[Gamma.A]=-0.354 [Gamma.E]=0.354

Highest contact temp. (°C)

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

Approach factor

Load sharing factor

Dynamic viscosity (mPa*s)

Coefficient of friction

7/10

XS]
[Xmp]
[XWrelT]
[BM]
[Ca]
[Ceff]

[beff]

[wBt]

[Xalfbet]

[XL]
[theMi]
[theflm]
[theS]
[Gamma]

[theB]
[XM]
XJ]
[XGam]
[etaM]
[mym]

13.780
2.00
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1758.21
1.020
0.990
0.972
1.000
0.975
0.958
0
1.000
1436.63
1436.63
0.82
1.00
307.75
1.000
1.000
1.000
13.780
2.00
99.55
0
49.000
1520.956
0.978
0.830
91.99
46.78
348.80
-0.354
178.34
50.058
1.244
0.333
41.90 ( 70.0 °C)
0.072



Integral temperature-criteria
Lubricant factor

Tooth mass temperature (°C)
theM-C = theoil + XS*0.70*theflaint
Integral scuffing temperature (°C)
Flash factor (°K*N*-.75*s*.5*m”-.5* mm)
Running-in factor (well run in)
Contact ratio factor

Dynamic viscosity (mPa*s)
Averaged coefficient of friction
Geometry factor

Meshing factor

Tip relief factor

Integral tooth flank temperature (°C)

6. MEASUREMENTS FOR TOOTH THICKNESS

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

Number of teeth spanned

Base tangent length (no backlash) (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)
Diameter of contact point (mm)

[XL]
[theM-C]
[theflaint]
[theSint]
[XM]
[XE]
[Xeps]
[etaOil]
[mym]
[XBE]
xqQ]
[XCa]
[theint]

DIN 3967 cd25

[As.eli]

[k]

[WKk]
[Wk.efi]
[dMWk.m]

[DM]
[DMeff]
[MrK]
[MrK.e/i]
[dMMr.m]

Diametral measurement over two balls without clearance (mm)

Actual dimension over balls (mm)

MdK]
MdK.efi]

Diametral measurement over rolls without clearance (mm)

Actual dimension over rolls (mm)

Chordal tooth thickness (no backlash) (mm)
Actual chordal tooth thickness (mm)
Reference chordal height from da.m (mm)
Tooth thickness (Arc) (mm)

(mm)

Backlash free center distance (mm)

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

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

Centre distance allowances (mm)

Circumferential backlash from Aa (mm)

Radial clearance (mm)

Circumferential backlash (transverse section) (mm)

Torsional angle for fixed
Normal backlash (mm)

gear 1 (°)
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[MdR]
[MdR.efi]

['sn]
['sn.efi]
[ha]
[sn]
[sn.efi]

[aControl.efi]
[ita]

[dNfO.i]
[cFO.i]
[Aa.efi]
[itw_Aa.efi]
[irw]

[itw]

linw]
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177.778/ 177.655

178.012
177.778/ 177.655

1.000
95.92
37.03
360.78
50.058
1.000
0.247
41.90 ( 70.0 °C)
0.069
0.268
1.000
1.080
151.46
1Y\ — GEAR 2 -
DIN 3967 cd25
-0.095/ -0.145 -0.095/ -0.145
5.000 5.000
55.491 55.491
55402/ 55.355  55.402/ 55.355
167.300 167.300
6.782 6.782
7.000 7.000
89.006 89.006
88.880/ 88.828  88.889/ 88.828
168.177 168.177
178.012 178.012

177.778 1 177.655

178.012
177.778/ 177.655

6.282 6.282
6.187/ 6.137 6.187/ 6.137
4.056 4.056
6.283 6.283
6.188/ 6.138 6.188/ 6.138
167.737 /167.598
-0.263/ -0.402
161.646 161.646
0.151 0.151
0.020/ -0.020
0.015/ -0.015
0.422/ 0.243
0.305/ 0.175

0.2077/ 0.1197
0.286/ 0.165



7. GEAR ACCURACY

According to ISO 1328:1995:

KISSsoFT
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Accuracy grade [Q-ISO1328] 8 6
Single pitch deviation (um) [fpt] 20.00 10.00
Base circle pitch deviation (um) [fpb] 18.80 9.40
Cumulative circular pitch deviation over k/8 pitches (um)

[Fpk/8] 39.00 20.00
Profile form deviation (um) [ffa] 23.00 12.00
Profile slope deviation (um) [fHa] 19.00 9.50
Total profile deviation (um) [Fa] 30.00 15.00
Helix form deviation (um) [ffb] 25.00 10.00
Helix slope deviation (um) [fHb] 25.00 10.00
Total helix deviation (um) [Fb] 35.00 15.00
Total cumulative pitch deviation (um) [Fp] 72.00 36.00
Concentricity deviation (um) [Fr] 58.00 29.00
Total radial composite deviation (um) [Fi"] 86.00 43.00
Radial tooth-to-tooth composite deviation (um) [fi"] 29.00 15.00
Total tangential composite deviation (um) [Fi 113.00 57.00
Tangential tooth-to-tooth composite deviation (um)

[fi"] 41.00 21.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality 6)
Maximum value for deviation error of axis (um) [fSigbet] 40.10 (Fb=15.00)
Maximum value for inclination error of axes (um) [fSigdel] 80.20
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 6.4 6.4
Mean coeff. of friction (acc. Niemann) [mum] 0.064
Wear sliding coef. by Niemann [zetw] 0.901
Power loss from gear load (kW) [PVZ] 3.357
(Meshing efficiency (%) [etaz] 99.272)
Weight - calculated with da (kg) [Mass] 24.954 9.334
Total weight (kg) [Mass] 34.289
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] 0.07801 0.02918
System ((da+df)/2...di) (kg*m?) [TraeghMom] 0.10719

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :

Calculation of Gear 1
Tooth form, Gear 1, Step 1: automatic (final treatment)
haP*= 1.041, hfP*= 1.250, rofP*= 0.380

Calculation of Gear 2
Tooth form, Gear 2, Step 1: automatic (final treatment)
haP*= 1.041, hfP*= 1.250, rofP*= 0.380
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REMARKS:
- Specifications with  [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with  [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
fma following equation (64), fsh following (57/58), Fbx following (52/53/57)
KHa, KFa according to method B

End of Report lines: 528
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KISSsoft Release 03/2013
KISSsoft evaluation
File
Name : Drazkovani_vystup
Changed by: Lenka am: 04.05.2014 um: 14:19:06

Straight-sided spline [M02b]

Calculation method: G.Niemann, Maschinenelemente |, 4th Edition, 2005.

Label
Inner diameter (mm)
External diameter (mm)
Medium diameter (mm)
Number of keys
Width (mm)
Height of key (mm)
Supporting length (mm)
Length factor
Participation factor (equivalent)
Participation factor (maximum load)
Nominal torque (Nm)
Application factor
Service torque (Nm)
Maximum torque (Nm)
Number of load peaks
Torque curve: No alternating torque
Load direction changing coefficient
Manufacturing tolerances according to Niemann

Shaft

Material

Type

Treatment

Tensile strength (N/mm?)
Yield point (N/mm?)

Pressure stress (equiv. load) (N/mm?)
Pressure stress (maxim. load) (N/mm?)
Support factor

Load peak coefficient

Hardness influence coefficient
Permissible pressure (N/mm?)
Permissible pressure (N/mm?)

fw * pzul / peq

fL * pzul / pmax

Required safety
Minimal safety

1/2

Own Input
[d1]
[d2]
[dm]
[nK]
[b]
[h]
[Itr]
[k1]
[kphibeq]

[kphibmax]

[Tnenn]
[KA]
[Teq]
[Tmax]
[NL]

[fw]

[Rm]
[Rp]

[peq]
[pmax]
[fs]

[fL]

[fH]
[pzuleq]
[pzulmax]

270.00
279.00
274.50
54.00
170.00
4.50
170.00
1.04
1.30
1.10
380000.00
1.00
380000.00
380000.00
1000

1.00
H7

C45 (1)

Through hardened steel

unalloyed, through hardened
590.00 (d=250-500mm)
325.00 (d=250-500mm)

90.19
90.19
1.20
1.50
1.00
390.00
585.00
4.32
6.49

1.00
4.32
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Hub

Material C45 (1)

Type Through hardened steel
Treatment unalloyed, through hardened
Tensile strength (N/mm?2) [Rm] 590.00 (d=250-500mm)
Yield point (N/mm?) [Rp] 325.00 (d=250-500mm)
Small external diameter (mm) [D1] 300.00

Bi+B75g external diameter (mm) [D2] 300.00

Width of hub-part with D2 (mm) [c] 170.00

Equivalent diameter hub (mm) [D] 300.00

Distance a0 (mm) [a0] 85.00

Pressure stress (equiv. load) (N/mm?) [peq] 90.19

Pressure stress (maxim. load) (N/mm?) [pmax] 90.19

Support factor [fs] 1.50

Load peak coefficient [fL] 1.50

Hardness influence coefficient [fH] 1.00

Permissible pressure (N/mm?) [pzuleq] 487.50

Permissible pressure (N/mm?) [pzulmax] 731.25

fw * pzul / peq 5.41

fL * pzul / pmax 8.11

Required safety 1.00

Minimal safety 5.41

Remarks:

Pressure load: p(eq,max) = kphib(eq,max)*k1*T*2000/(dm*ltr*h*z)

Coefficient for load direction changes according to DIN 6892:1998/ fig. 6

pzuleq = fs*fH*fw*(Rm,Rp)
pzulmax = fs*fH*fL*(Rm,Rp)

(Rm:for brittle material; Rp:for ductile material)

End of Report

lines: 90
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KISSsoft Release 03/2013
KISSsoft evaluation
File
Name : Pero
Changed by: Lenka am: 04.05.2014 um: 12:40:24

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

1-> For the raw diameter ( 140 mm) of the material (18CrNiMo7-6)

the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Keys [M02a]

Calculation method: DIN 6892-B:2012

Label

Key width (mm)

Key height (mm)

Chamfer (mean value) (mm)

Shaft diameter (mm)

Nominal torque (Nm)
Application factor
equivalent torque (Nm)
Maximum torque (Nm)
Minimal frictional torque for interference fit (Nm)
Torque curve: Alternating torque, slow increase
Maximum backwards torque (Nm)
Number of load peaks
Number of change of load direction
Load direction changing coefficient

Number of keys
Load factor

equivalent circumferential stress (N)

Maximal circumferential force (N)

Contact coefficient for equivalent surface pressure
Contact coefficient for maximal surface pressure
Help coefficient

Load distribution coefficient

Friction factor

Friction factor

Shaft

Material

1/3

DIN 6885.1:1968 Default

[b]
[h]
[r

[d]

[T]

[KA]
[Teq]
[Tmax]
[TRmin]

[TmaxR]
[NL]
[NW]
[fw]

[
[phi]

36.00
20.00
1.10

135.00

6000.00
1.50
9000.00
9000.00
0.00

8800.00
2
4

1.00

1
1.00

[Feq]  133333.33
[Fmax] 133333.33

[Kneq]
[Knmax]
[Kle]
[KI1]
[KReq]
[KR]

18CrNiMo7-6

1.00
1.00
1.065
1.065
1.000
1.000



KISSsoFT

Calculation pregrams for maching dasign
Type Case-carburized steel

Treatment case-hardened

Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Re] 425.00 (d= 0- Omm)
Groove depth shaft (minimal value) (mm) [t1] 12.00

Chamfer on shaft (mm) [s1] 0.01

Supporting key length (mm) [Itr] 94.00

Supporting key height (mm) [t1tr] 8.44

Pressure stress (N/mm?) [peq] 178.88

Pressure stress (N/mm?) [pmax] 178.88

Support factor [fs] 1.30

Hardness influence coefficient [fH] 1.15

Permissible surface pressure (N/mm?) [pzul] 635.38

Load peak frequency coefficient [fL] 1.50

Load direction changing coefficient [fw] 1.00

fw * pzul / peq 3.55

fL * pzul / pmax 5.33

Safety 3.55

Hub

Material 18CrNiMo7-6

Type Case-carburized steel

Treatment case-hardened

Tensile strength (N/mm?) [Rm] 900.00 (d=40-100mm)
Yield point (N/mm?2) [Re] 640.00 (d=40-100mm)
Groove depth hub (minimal value) (mm) [t2] 8.40

Chamfer on hub (mm) [s2] 0.10

Supporting key length (mm) [Itr] 94.00

Supporting key height (mm) [t2tr] 9.27

Small outside diameter of hub (mm) [D1] 180.00

Big outside diameter of hub (mm) [D2] 230.00

Width of hub-part with D2 (mm) [c] 40.00

Equivalent diameter hub (mm) [D] 194.46

Distance a0 (Figure 2, DIN 6892) (mm) [a0] 100.00

Pressure stress (N/mm?) [peq] 162.88

Pressure stress (N/mm?) [pmax] 162.88

Support factor [fs] 1.50

Hardness influence coefficient [fH] 1.15

Permissible surface pressure (N/mm?) [pzul] 1104.00

Load peak frequency coefficient [fL] 1.50

Load direction changing coefficient [fw] 1.00

fw * pzul / peq 6.78

fL * pzul / pmax 10.17

Safety 6.78

Key

Material C45 (1)

Type Through hardened steel

Treatment unalloyed, through hardened
Tensile strength (N/mm?) [Rm] 650.00 (d=16-40mm)
Yield point (N/mm?) [Re] 430.00 (d=16-40mm)

2/3



Pressure stress (N/mm?) [peq]
Pressure stress (N/mm?) [pmax]
Support factor [fs]
Hardness influence coefficient [fH]
Permissible surface pressure (N/mm?) [pzul]
Load peak frequency coefficient [fL]
Load direction changing coefficient [fw]
fw * pzul / peq

fL * pzul / pmax

Safety

Cross section area (mm?) [b*ltr]
Shear stress (N/mm?) [tau]
Remarks:

Safety = Minimum (fw*pzul/peq, fL*pzul/pmax)

Condition according to DIN 6892 Safety >= 1.0

Chamfer on key: Mean value as in examples in DIN 6892
Groove depth: Minimum value as in examples in DIN 6892

KISSsoFT

Cakulabon programs for meching derign

178.88 / 162.88
178.88 / 162.88
1.10
1.00
473.00
1.50
1.00
2.64
3.97
2.64

3384.00
39.40

End of Report

lines: 128
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PRILOHA ¢&. 4

Zprava z pevnostni analyzy - vylr



Zprava pevnostni analyzy

Autodesk:

Analyzovany soubor: Skrin_nova_MKP_22_3.iam
Verze aplikace Autodesk Inventor: {2013 (Build 170138000, 138)
Datum vyhotoveni: 23.3.2014, 17:41

Autor simulace: Lenka

Souhrn:

= Informace o projektu (iVlastnosti)

= Souhrn

= Projekt

Cislo sou¢asti  |Skrin_nova_MKP_22 3
Kreslil Lenka

Naklady 0,00 K¢

Datum vytvoreni|18.3.2014

= Stav

Stav navrhu|Rozpracovano

= Fyzické

Hmotnost|8681,49 kg
Plocha 36714600 mm~2
Objem 1105330000 mm~3

x=80,5928 mm
Tézisté |y=-1207,2 mm
z=5,29097 mm

Poznamka: Fyzikalni hodnoty se mohou lisit od fyzikalnich hodnot pouzitych v analyze MKP uvedené dale.

= Simulace:1

Obecné cile a nastaveni:

Cil navrhu Jediny bod Rozsah frekvenci Neni definovano
Typ simulace Modalni analyza Vypocditat predem nactené Ne
Datum posledni Upra L =

P pravy 22:10 ZvySena presnost Ne

Pocet rezimd 8




Nastaveni sité:

Prlim. velikost prvku (zlomek prdméru modelu) 0,05
Min. velikost prvku (zlomek priim. velikosti) 0,2
Soucinitel zemnich téles 1,5
Max. Uhel pootoceni 60 deg
Vytvorit zakfivené prvky sité Ne
Pouzit pro sit’ sestavy méreni zalozena na soucastech|Ano

= Materialy

Nazev Ocel, mékka, svarovana
Mérna hmotnost 7,86 g/cm~3

Obecné Mez kluzu v tahu 207 MPa
Mez pevnosti v tahu |345 MPa
Youngtv modul 220 GPa

Npi |Poissonova 0275 u
Modul pruznosti 86,2745 GPa
Koeficient 0,000012

) roztaznosti ul/c

:sgg,lc?e Tepelna vodivost 56 W/( m K)
Mérné teplo ;}60 dlhgre

Nazvy Spodek_skrine_novy.ipt

soucasti Viko_skrine_nove.ipt

Nazev Ocel, legovana

= Provozni podminky

= Pevna vazba:1

|Typ vazby| Pevna vazba|

= Vybrané plochy

Mérna hmotnost 7,85 g/cm/3

Obecné Mez kluzu v tahu 250 MPa
Mez pevnosti v tahu (400 MPa
Youngdv modul 205 GPa

- Poissonova

Napeti konstanta 0,3 ul
Modul pruznosti 78,8462 GPa
Koeficient
roztaznosti 0,000012 ul/c

Tepelné

napeéti Tepelna vodivost ;}4’5 QI
Mérné teplo 475 1/( kg c)
Hridel_vystup_novy_proMKP.ipt

a Hridel_III_novy_proMKP.ipt

s”:j%”é'stl, Hridel_II_novy_proMKP.ipt
Hridel_I_novy_proMKP.ipt
Hridel_0_novy_proMKP.ipt




Dotyky (Vazany)

Nazev

Nazvy soucasti

Vazany:1

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:21

Spodek_skrine_novy:1
Hridel_0_novy_proMKP:1

Vazany:2

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:22

Spodek_skrine_novy:1
Hridel_0_novy_proMKP:1

Vazany:3

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:23

Viko_skrine_nove:1
Hridel_vystup_novy_proMKP:1

Vazany:4

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:24

Viko_skrine_nove:1
Hridel_vystup_novy_proMKP:1

Vazany:5

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:25

Viko_skrine_nove:1
Hridel_III_novy_proMKP:1

Vazany:6

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:26

Viko_skrine_nove:1
Hridel_III_novy_proMKP:1

Vazany:7

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:27

Viko_skrine_nove:1
Hridel_II_novy_proMKP:1

Vazany:8

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:28

Viko_skrine_nove:1
Hridel_II_novy_proMKP:1

Vazany:9

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:29

Viko_skrine_nove:1
Hridel_I_novy_proMKP:1

Vazany:10

Spodek_skrine_novy:1
Hridel_vystup_novy_proMKP:1

Vazany:30

Viko_skrine_nove:1
Hridel_I_novy_proMKP:1

Vazany:11

Spodek_skrine_novy:1
Hridel_vystup_novy_proMKP:1

Vazany:31

Viko_skrine_nove:1
Hridel_I_novy_proMKP:1

Vazany:12

Spodek_skrine_novy:1
Hridel _III_novy_proMKP:1

Vazany:32

Viko_skrine_nove:1
Hridel_0_novy_proMKP:1

Vazany:13

Spodek_skrine_novy:1
Hridel _III_novy_proMKP:1

Vazany:33

Viko_skrine_nove:1
Hridel_0_novy_proMKP:1

Vazany:14

Spodek_skrine_novy:1
Hridel_II_novy_proMKP:1

Vazany:34

Viko_skrine_nove:1
Hridel_0_novy_proMKP:1

Vazany:15

Spodek_skrine_novy:1
Hridel_II_novy_proMKP:1

Vazany:35

Viko_skrine_nove:1
Hridel_0_novy_proMKP:1

Vazany:16

Spodek_skrine_novy:1
Hridel_I_novy_proMKP:1

Vazany:36

Hridel_vystup_novy_proMKP:1
Hridel_III_novy_proMKP:1

Vazany:17

Spodek_skrine_novy:1
Hridel_I_novy_proMKP:1

Vazany:37

Hridel_III_novy_proMKP:1
Hridel_II_novy_proMKP:1

Vazany:18

Spodek_skrine_novy:1
Hridel_I_novy_proMKP:1

Vazany:38

Hridel_II_novy_proMKP:1
Hridel_I_novy_proMKP:1

Vazany:19

Spodek_skrine_novy:1
Hridel_0_novy_proMKP:1

Vazany:39

Spodek_skrine_novy:1
Hridel_I_novy_proMKP:1

Vazany:20

Spodek_skrine_novy:1
Hridel_0_novy_proMKP:1

Vazany:40

Viko_skrine_nove:1
Hridel_I_novy_proMKP:1

= Vysledky

= Frekvencni hodnoty

F1 107,53 Hz F3 228,10 Hz
F2 (192,13 Hz F4 (313,22 Hz
Souhrn vysledkd

F5 |318,77 Hz F7 405,67 Hz
F6 |383,72 Hz F8 427,56 Hz
Nazev |Hodnota vysledku

Objem 1105330000 mm~3
Hmotnost|8681,49 kg




= Obrazky

= F1 107,53 Hz Posunuti

Typ: Posunut
Jednotka: mm
23.32.2014, 17:41.:37 [Max.: 183,5mm |

1835 Max,

146,38
110,1
73,4

36,7

Typ: Posunut
Jednotka: mm
23.3.2014, 17:41:3

183,5 Max.

146,8
110,1
73,4
36,7

0 Min.




= F2 192,13 Hz Posunuti

Typ: Posunut

Jednotka: mm

23.2.2014, 17:41:38
1835 Max,

1468

110,1

(. PR

Jednotka: mm .

23.3.2014, 1?:41:38
1835 Max, ¢

146,8
110,1
73,4
36,7

0 M.



= F3 228,10 Hz Posunuti

Typ: Posunut
Jednotka: mm
23.3.2014, 17:41:39
1835 Max,

146,8

110,1
73,4

Typ: Posunut

!!!!!'!, !,If :!1:3

183,5 Max,
146,8
110,1

73,4

36,7

0 Mir,



= F4 313,22 Hz Posunuti

Typ: Posunut

Jednotka: mm

23.3.2014, 17:41:40
1835 Max,

146,8

110,1

| Max.: 183,5 mm

Typ: Posunut
Jednotka: mm
22.2.2014, 17:41:40

1825 Max,

146,8
110,1
73,4
36,7

0 Mir,



= F5 318,77 Hz Posunuti

Tvp: Posunut
Jednotka: mm
22.3.2014, 17:41:41
183,5 Max.

146,8

110,1

73,4

Max.: 183,5 mm
PR T oS Min.: 0 mm

Jednotka: mm
23.3.2014, 174141
183,5 Max,

146,8
110,1
73,4
36,7

0 Min.



= F6 383,72 Hz Posunuti

Typ: Posunut

Jednotka: mm

22.3.2014, 174142
183,5 Max.

146,8
110,1
73,4

36,7

Max.: 183,5 mm

Typ: Posunut
Jednotka: mm
23.3.2014, 17:41:4264
183,5 Max. 4

146,8
110,1

73,4

36,7

0 Min.



= F7 405,67 Hz Posunuti

Typ: Posunut

Jednotka: mm

23.3.2014, 17:41:44
183,5 Max,

146,83
110,1
73,4

36,7

0 Min.

Typ: Posunut

Jednotka: mm
23.3.2014, 174144
183,5 Max,

146,8
110,1
73,4
36,7

0 Min.



= F8 427,56 Hz Posunuti

Typ: Posunut

Jednotka: mm

23.3.2014, 17:41:45
183,5 Max.

146,3

110,1

Max.: 183,5 mm : P

Jednotka: mm
23.3.2014, 1741
1835 Max. 4

1463
110,1
73,4
36,7

0 Min.

«
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Zprava pevnostni analyzy

Analyzovany soubor:

Skrin_nova_MKP_26_3.iam

Verze aplikace Autodesk Inventor:

2013 (Build 170138000, 138)

Datum vyhotoveni:

26.3.2014, 23:29

Autor simulace:

Lenka

Souhrn:

= Informace o projektu (iVlastnosti)

= Projekt

Cislo sou¢asti  |Skrin_nova_MKP_26_3
Kreslil Lenka

Naklady 0,00 K¢

Datum vytvoreni|18.3.2014

= Stav

Stav névrhu |Rozpracovano

= Fyzické

Hmotnost|3910,17 kg
Plocha 29833600 mm~A2
Objem (497477000 mm~3

x=178,935 mm
Tézisté |y=-1293,49 mm
z=0,353937 mm

Autodesk:

Poznamka: Fyzikalni hodnoty se mohou liSit od fyzikalnich hodnot pouzitych v analyze MKP uvedené

dale.

= Simulace:1

Obecné cile a nastaveni:

Cil navrhu

Jediny bod

Typ simulace

Staticka analyza

Datum posledni Upravy

26.3.2014, 23:23

Zjistit a odstranit rezimy tuhého télesa|Ne

Oddélovat napéti na povrchu dotykd |Ne

Analyza pohybového zatizeni

Ne

Nastaveni sité:



Prtim. velikost prvku (zlomek prliméru modelu) 0,03
Min. velikost prvku (zlomek prém. velikosti) 0,2
Soucinitel zemnich téles 1,5
Max. Uhel pootoceni 60 deg
Vytvorit zakfivené prvky sité Ne
Pouzit pro sit’ sestavy méreni zalozena na soucastech |Ano
s Mérna hmotnost 7,86 g/cm~3
= Materialy . of
Obecne Mez kluzu v tahu 207 MPa
Nazev Ocel, mekka, svarovana Mez pevnosti v tahu |345 MPa
Mérna hmotnost 7,86 Youngtv modul 220 GPa
g/cm”3 Poi
) " oissonova
Obecné Mez kluzu v tahu {207 MPa Napeti konstanta 0,275 ul
g‘;ﬁ pevnostiv.|34c Mpa Modul pruznosti  |86,2745 GPa
" Koeficient 0,000012
Youngtv modul 220 GPa e ul/c
v Poissonova z
REES konstanta 0;2751ul I:Eg,lc?e Tepelna vodivost ')5 DU IS
Modul pruznosti 86,2745 GPa Mérmé teplo 460 J/( kg ¢
Koeficient 0,000012 )
roztaznosti ul/c Krouzek_na_hridel_IV_novy.ipt
Tepelné , . 56 W/( m K Krouzek_na_hridel_IV_novy.ipt
napeéti gl Ve Vicko_k_hrideli_III_nove.ipt
2 Vicko_k_hrideli_III_nove.ipt
_ 4 k == e
Merne teplo )60 ge sNoajc\“:,e}llstl' Vicko_k_hrideli_II_nove.ipt
- - — Vicko_k_hrideli_II_nove.ipt
Nazvy Spodek_skrine_novy.ipt Vicko_k_hrideli_I_nove.ipt
soucasti VikO_Skrine_nove.ipt Vicko_k_hride"_I_b_nove_ipt
Nazev Ocel, mékka Vicko_k_hrideli_0_nove.ipt

= Provozni podminky

= Zatizeni loziska:1

Typ zatizeni|Zatizeni loziska
Velikost 65400,000 N
Vektor X |-65400,000 N
Vektor Y 0,000 N

= Vybrané plochy




= Zatizeni loziska:2

Typ zatizeni|Zatizeni loziska
Velikost 25750,000 N
Vektor X 0,000 N
Vektor Y 0,000 N

= Vybrané plochy

= Zatizeni loziska:3

Typ zatizeni|Zatizeni loziska
Velikost 25750,000 N
Vektor X {0,000 N
Vektor Y 0,000 N

= Vybrané plochy

= Sila:1

Typ zatizeni|Sila

Velikost 29700,000 N
Vektor X 0,000 N
Vektor Y  |-29700,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Sila:2

Typ zatizeni|Sila

Velikost 34400,000 N
Vektor X 0,000 N
Vektor Y 34400,000 N
Vektor Z -0,000 N

= Vybrané plochy

= Zatizeni loziska:4

Typ zatizeni|Zatizeni loziska
Velikost 11000,000 N
Vektor X 0,000 N
Vektor Y 0,000 N
Vektor Z 11000,000 N

= Vybrané plochy

= Zatizeni loziska:5

Typ zatizeni|Zatizeni loZiska
Velikost 11000,000 N
Vektor X 0,000 N
Vektor Y 0,000 N
Vektor Z 11000,000 N

= Vybrané plochy




= Zatizeni loziska:6

Typ zatizeni|Zatizeni loziska
Velikost 24500,000 N
Vektor X 24500,000 N
Vektor Y 0,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:7

Typ zatizeni

Zatizeni loziska

Velikost 70000,000 N
Vektor X |70000,000 N
Vektor Y 0,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:8

Typ zatizeni|Zatizeni loZiska
Velikost 3000,000 N
Vektor X  |0,000 N
Vektor Y 3000,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Zatizeni loziska:9

Typ zatizeni|Zatizeni loziska
Velikost 3000,000 N
Vektor X 0,000 N
Vektor Y 3000,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Sila:3

Typ zatizeni|Sila

Velikost 24000,000 N
Vektor X 0,000 N
Vektor Y 0,000 N
Vektor Z -24000,000 N

= Vybrané plochy

= Zatizeni loziska:10

Typ zatizeni|Zatizeni loziska
Velikost 5000,000 N
Vektor X 0,000 N
Vektor Y -5000,000 N
Vektor Z 0,000 N

= Vybrané plochy




Zatizeni loziska:11

Typ zatizeni|Zatizeni loziska
Velikost 5000,000 N
Vektor X 0,000 N
Vektor Y -5000,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:12

Typ zatizeni

Zatizeni loziska

Velikost 56000,000 N
Vektor X |56000,000 N
Vektor Y  |0,000 N
Vektor Z  |0,000 N

= Vybrané plochy

= Zatizeni loziska:13

Typ zatizeni|Zatizeni loZiska
Velikost 4000,000 N
Vektor X 0,000 N
Vektor Y -4000,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Zatizeni loziska:14

Typ zatizeni|Zatizeni loZiska
Velikost 4000,000 N
Vektor X 0,000 N
Vektor Y  |-4000,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:15

Typ zatizeni

Zatizeni loziska

Velikost 93400,000 N
Vektor X -93400,000 N
Vektor Y -0,507 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:16

Typ zatizeni|Zatizeni loziska
Velikost 40350,000 N
Vektor X 0,000 N
Vektor Y 40350,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Zatizeni loziska:17

Typ zatizeni|Zatizeni loZiska
Velikost 40350,000 N
Vektor X 0,000 N
Vektor Y  |40350,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:18

Typ zatizeni

Zatizeni loziska

Velikost 227000,000 N
Vektor X (-227000,000 N
Vektor Y 0,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:19

Typ zatizeni|Zatizeni loziska
Velikost 24500,000 N
Vektor X 0,000 N
Vektor Y -24500,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Zatizeni loziska:20

Typ zatizeni|Zatizeni loZiska
Velikost 24500,000 N
Vektor X 0,000 N
Vektor Y -24500,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:21

Typ zatizeni

Zatizeni loziska

Velikost 421400,000 N
Vektor X -421400,000 N
Vektor Y 0,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:22

Typ zatizeni|Zatizeni loziska
Velikost 78700,000 N
Vektor X 0,000 N
Vektor Y 78700,000 N
Vektor Z -0,000 N

= Vybrané plochy




= Zatizeni loziska:23

Typ zatizeni|Zatizeni lozZiska
Velikost 78700,000 N
Vektor X 0,000 N
Vektor Y 78700,000 N
Vektor Z -0,000 N

= Vybrané plochy

= Zatizeni loziska:24

Typ zatizeni|Zatizeni loziska
Velikost 334600,000 N
Vektor X -334600,000 N
Vektor Y 0,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Sila:4

Typ zatizeni|Sila

Velikost 87400,000 N
Vektor X 0,000 N
Vektor Y -0,000 N
Vektor Z -87400,000 N

= Vybrané plochy




= Zatizeni loziska:25

Typ zatizeni|Zatizeni loZiska
Velikost 800000,000 N
Vektor X 0,000 N
Vektor Y  |-800000,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:26

Typ zatizeni

Zatizeni loziska

Velikost 800000,000 N
Vektor X {0,000 N
Vektor Y  (-800000,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Zatizeni loziska:27

Typ zatizeni|Zatizeni loziska
Velikost 2679000,000 N
Vektor X |2679000,000 N
Vektor Y 0,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Sila:5

Typ zatizeni|Sila

Velikost 136000,000 N
Vektor X 0,000 N
Vektor Y -0,000 N
Vektor Z -136000,000 N

= Vybrané plochy

= Sila:6

Typ zatizeni|Sila

Velikost 241500,000 N
Vektor X {0,000 N
Vektor Y 241500,000 N
Vektor Z 0,000 N

= Vybrané plochy

= Sila:7

Typ zatizeni|Sila

Velikost 241500,000 N
Vektor X 0,000 N
Vektor Y 241500,000 N
Vektor Z 0,000 N

= Vybrané plochy




= Sila:8

Typ zatizeni|Sila

Velikost 1165000,000 N
Vektor X |-1165000,000 N
Vektor Y 0,000 N

Vektor Z 0,000 N

= Vybrané plochy

= Gravitace

Typ zatizeni|Gravitace

Velikost 9810,000 mm/s”2
Vektor X 9810,000 mm/s”2
Vektor Y -0,000 mm/s”2
Vektor Z 0,000 mm/s”2

= Vybrané plochy

= Pevna vazba:1

|Typ vazby| Pevna vazba

= Vybrané plochy




B

Dotyky (Vazany)

Nazev

Nazvy soucasti

Vazany:23

Spodek_skrine_novy:1
Vicko_k_hrideli_I_nove:1

Vazany:1

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:24

Spodek_skrine_novy:1
Vicko_k_hrideli_I_b_nove:1

Vazany:2

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:25

Spodek_skrine_novy:1
Vicko_k_hrideli_I_b_nove:1

Vazany:3

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:26

Spodek_skrine_novy:1
Vicko_k_hrideli_0_nove:1

Vazany:4

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:27

Spodek_skrine_novy:1
Vicko_k_hrideli_0_nove:1

Vazany:5

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:28

Viko_skrine_nove:1
Krouzek_na_hridel_IV_novy:1

Vazany:6

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:29

Viko_skrine_nove:1
Krouzek_na_hridel_IV_novy:1

Vazany:7

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:30

Viko_skrine_nove:1
Krouzek_na_hridel_IV_novy:2

Vazany:8

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:31

Viko_skrine_nove:1
Krouzek_na_hridel_IV_novy:2

Vazany:9

Spodek_skrine_novy:1
Viko_skrine_nove:1

Vazany:32

Viko_skrine_nove:1
Vicko_k_hrideli_III_nove:1

Vazany:10

Spodek_skrine_novy:1
Krouzek_na_hridel_IV_novy:1

Vazany:33

Viko_skrine_nove:1
Vicko_k_hrideli_III_nove:1

Vazany:11

Spodek_skrine_novy:1
Krouzek_na_hridel_IV_novy:1

Vazany:34

Viko_skrine_nove:1
Vicko_k_hrideli_III nove:2

Vazany:12

Spodek_skrine_novy:1
Krouzek_na_hridel_IV_novy:2

Vazany:35

Viko_skrine_nove:1
Vicko_k_hrideli_III nove:2

Vazany:13

Spodek_skrine_novy:1
Krouzek_na_hridel_IV_novy:2

Vazany:36

Viko_skrine_nove:1
Vicko_k_hrideli_II_nove:1

Vazany:14

Spodek_skrine_novy:1
Vicko_k_hrideli_III_nove:1

Vazany:37

Viko_skrine_nove:1
Vicko_k_hrideli_II_nove:1

Vazany:15

Spodek_skrine_novy:1
Vicko_k_hrideli_III nove:1

Vazany:38

Viko_skrine_nove:1
Vicko_k_hrideli_II_nove:2

Vazany:16

Spodek_skrine_novy:1
Vicko_k_hrideli_III_nove:2

Vazany:39

Viko_skrine_nove:1
Vicko_k_hrideli_II_nove:2

Vazany:17

Spodek_skrine_novy:1
Vicko_k_hrideli_III_nove:2

Vazany:40

Viko_skrine_nove:1
Vicko_k_hrideli_I_nove:1

Vazany:18

Spodek_skrine_novy:1
Vicko_k_hrideli_II_nove:1

Vazany:41

Viko_skrine_nove:1
Vicko_k_hrideli_I_nove:1

Vazany:19

Spodek_skrine_novy:1
Vicko_k_hrideli_II_nove:1

Vazany:42

Viko_skrine_nove:1
Vicko_k_hrideli_I_b_nove:1

Vazany:20

Spodek_skrine_novy:1
Vicko_k_hrideli_II_nove:2

Vazany:43

Viko_skrine_nove:1
Vicko_k_hrideli_I_b_nove:1

Vazany:21

Spodek_skrine_novy:1
Vicko_k_hrideli_II_nove:2

Vazany:44

Viko_skrine_nove:1
Vicko_k_hrideli_0_nove:1

Vazany:22

Spodek_skrine_novy:1
Vicko_k_hrideli_I_nove:1

Vazany:45

Viko_skrine_nove:1
Vicko_k_hrideli_0_nove:1




= Vysledky

= Reakéni sila a moment na vazbach

Reak¢ni sila Reakéni moment

Nazev vazby - -
Velikost |Komponenta (X,Y,Z)|Velikost Komponenta (X,Y,Z)

-561203 N 554108 N m

Pevna vazba:1|1125270 N(935201 N 1503820 N m{1323930 N m
276900 N 449047 N m

= Souhrn vysledki

Nazev Minimalni Maximalni

Objem 497477000 mm~3

Hmotnost 3910,17 kg

Napéti Von Mises 0,0253468 MPa 183,23 MPa

Prvni hlavni napéti -25,5795 MPa 155,595 MPa

Treti hlavni napéti -193,616 MPa 22,818 MPa

Posunuti 0 mm 0,758603 mm

Soucinitel bezpec¢nosti 1,12973 ul 15 ul

Napéti XX -188,806 MPa 152,133 MPa

Napéti XY -42,352 MPa 60,2442 MPa

Napéti XZ -24,8819 MPa 39,656 MPa

Napéti YY -93,571 MPa 94,7862 MPa

Napéti YZ -36,7554 MPa 21,8895 MPa

Napéti ZZ -57,7411 MPa 47,1117 MPa

Posunuti X -0,227244 mm 0,161665 mm

Posunuti Y -0,306691 mm 0,113568 mm

Posunuti Z -0,742185 mm 0,00355918 mm

Ekvivalentni napéti (vnitini)|0,0000000987625 ul|0,000734845 ul

Prvni hlavni napéti (vnitfni) |-0,0000106733 ul  |0,00067068 ul

Treti hlavni napéti (vnitini) |-0,000847215 ul 0,00000161524

ul

Napéti XX (vnitini) -0,000832741 ul 0,000650614 ul
Napéti XY (vnitini) -0,000245449 ul 0,000349143 ul
Napéti XZ (vnitfni) -0,000144202 ul 0,000229825 ul
Napéti YY (vnitini) -0,000426915 ul 0,00035867 ul
Napéti YZ (vnitini) -0,000213014 ul 0,00012686 ul
Napéti ZZ (vnitrni) -0,000221612 ul 0,000214376 ul
Stykovy tlak 0 MPa 115,371 MPa
Stykovy tlak X -54,8316 MPa 72,6193 MPa
Stykovy tlak Y -55,8896 MPa 50,457 MPa

Stykovy tlak Z -89,5736 MPa 45,0538 MPa




= Obrazky

= Napéti Von Mises

Typ: MNapétl Von Mises

Jednotka: MPa

20.3.2014, 22:29:32
183,2 Max.

apéti Von Mises ; 16,3 MPa

Napéti Vion Mises : 63 MPa

Napétl Von Mises | 7¢

X

E Posunuti

Typ: Posunut

Jednotka: mm

26.3.2014, 23:30:08
0,7586 Max.

Max.: 0,7586 mm
0,6069 N

0,4552

0,3034

------

0,1517

0 Min.

Posunuti ; 0,1551 mm



= Soucinitel bezpecnosti

Typ: Soudinitel bezpednost
Jednotka: ul
20.2.2014, 232004

15 Max,

12

Roudinitel bezpednosti ; 12,69 ul

| Soutinitel bezpegnosti | 3,28

Max.: 15 ul
v I3 ul

| Soudinitel bezpeénost

Typ: Soucinitel bezpeénost
Jednotka: ul
26.3.2014, 23:30:04

15 Max.

12




= Ekvivalentni napéti (vnitini)

Typ: Bkvivalenti napétd (vnitfni)

Jednotka: ul

26.3.2014, 23.30:22
7,3482-004 Max,

4,409-00%
2,94e-004
1,47e-004

9,876e-002

Ekvivalentni napéti (vnitini) : 2,723e-004 ul

= Ekvivalentni napéti (vnitFni) :

| Ekvivalentni napati (v

2

A
Min.: 9, 876e=008 ul

Twp: BEkvivalentni napét (vhitfni)

Jednotka: Ll

20.2.2014, 23:30:22
7,3482-004 Max,

5,879e-004

4,409e-004

2,94e-004 | Ekvivalentni nap&ti (wnitfn() : 2,723

1,47e-004

9,876e-008 Min

Max.: 7,348e-D04 ul |




= Stykovy tlak

Typ: Stykowy Hak

Jednotka: MPa

26.3.2014, 23:30:58
115,4 Max.

Max.: 1154 MPa
92,3 * fitykovy tlak : O MPa

69,2
46,2

23,1

0 Min. Stykovy tlak : 0 MPa

Stykowvy tak : 0

[ Stykowy tiak : 0 MPa

e

A

D:\Stary_disk\dokumenty_old\Inventor\DP\Skrin_nova_MKP_26_3.iam
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VYTVORENO VE VYUKOVEM PROBUKTU SPOLECNOSTI AUTODESK

UKTU SPOLECNOSTI AUTODESK

i

dd WIAOMNAA A ONTHOALAA

N

VYTVORENO VE VYUKOVEM PR

MS3IA0LNY ILSONDITOdS NI

Nazev oznaieni Polotovar Hmotnost| . = Cislo
ks | Cislo vykresu o3,
Cislo vykresu — onafeni normy Material ko) P

SPODNI DIL SKRINE 1343
1 SVARENEC 239836 1
: vum' SKRINE 1343 %8275 2
SVARENEC
3
! P{‘STDREK | ‘IB[rH!Ho?—ﬁﬂl 8372 L
VYKOVEK 18CrNiMo 7-6+A
! P{‘STDREK '] 18CrNiMo 7-6+0 %21 .
VYKOVEK 18CrNiMo 7-6+A
; P{‘STDREK Vil ‘IB[rH!Ho?—ﬁﬂl 333.29 6
VYKOVEK 18CrNiMo 7-6+A
7
: KOLO OZUBENE KUZELOVE 1 18CrNiMo7-6+0 627 8
VYKOVEK 18CrNiMo7-6+A i
: KOLO OZUBENE KUFELOVE 2 18CrNiMo7-6+0 36 7 9
VYKOVEK 18CrNiMo7-6+A i
! qu 0ZUBENE 2 18CrNiMo 7-6+0 018 10
VYKOVEK 18CrNiMo7-6+A
KOLO OZUBENE 3 18CrNiMo 7-6+0
1 VYKOVEK 18CrNiMo7—6+A 21.68 n
! qu 0ZUBENE 4 ‘IB[rH!Ho?—ﬁﬂl 20.79 0
VYKOVEK 18CrNiMo 7-6+A
KOLO OZUBENE & 18CrNiMo 7-6+Q
1 - 394, 32 13
VYKOVEK 18CrNiMo 7-6+A 3
; qu 0ZUBENE 8 ‘IB[rH!Ho?—ﬁﬂl 179187 1%
VYKOVEK 18CrNiMo 7-6+A
! qu SPOOVE ‘IB[rH!Ho?—ﬁﬂl 48,76 -
VYKOVEK 18CrNiMo 7-6+A
; 0BJIMKA SPOJKY PRO KOLO 2 42CrMo+OT £l %
VYKOVEK 42CrMo+OT .
! 0BJIMKA SPOJKY PRO KOLO 4 L2CrMoL+OT 161 7
VYKOVEK L2CrMoL+OT .
Hmotnost (kg)
822155
Kreslil “ Nazev
FAKULTA STBOJNI Datum Lenka KARLOVA v
2.5.2014 PREVODOVKY KC 3

S ZAPADOCESKE
V PLZNI

UNIVERZITY

Schvalil

Datum

KKS

KATEDRA

KONSTRUOV ANi
STROJU

Druh dokumentu

SEZNAM POLOZEK

Cislo dokumentu

DP-KKS-2014-01/K

List 1 Listd 5
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VYTVORENO VE VYUKOVEM PROBUKTU SPOLECNOSTI AUTODESK

UKTU SPOLECNOSTI AUTODESK

i

dd WIAOMNAA A ONTHOALAA

N

VYTVORENO VE VYUKOVEM PR

MS3IA0LNY ILSONDITOdS NI

Nazev oznaieni Polotovar Hmotnost| . = Cislo
ks | Cislo vykresu o3,
Cislo vykresu — onafeni normy Material ko) P
18
: HRIDEL ¥STUPNI (SN 42 5510 37 1o
KR 15 — 525 1353
: KROUZEK K HRIDELI | (SN L2 5716 0.57 20
TK KR 127x8 — 26 1353
! KROUZEK ROZPERNY (SN 42 5716 1336 21
TK KR 245x20 — 33 1353
! KROUZEK ROZPERNY (SN L2 5716 105 22
TK KR 204x8 — 38 1353
) KROUZEK K HRIDELI IV (SN EN 10060 - 23
KR 485 — 41 12 050
5 KROUZEK K HRIDELI IV CSN L2 0220 6 21
KR 250 — 29 12 050
: KROUZEK KRATKY (SN L2 57165 24 -
TK KR 1%8x10 - 96 11353
: KROUZEK OB JIMKY CSN L2 0220 o4 26
KR 226 - 1 12 020
! 0BJIMKA (SN L2 0220 " 27
KR 280 - 11 12 020
PODLOZKA CSN L2 0220
1 KR 280 — 2 12 020 8.16 28
! VI(KO K HRIDELI ¢ CSN 42 5510 15 29
KR %0 - 10 12 020
VICKO K HRIDELI | DIN 5527-6
1 6.9 30
KR 320 — 40 12 050 i
; VICKO K HRIDELI | DIN 5527-6 < 1 31
KR 320 - 25 12 050 .
) VICKO K HRIDELI 1l DIN 5527-6 13 172
KR 370 — 30 12 050
VICKO K HRIDELI I DIN 59200 [A)
ya 71.2 33
PLO S10X40 — 510 12 050 .
) VICKO NA HRIDEL 1 DIN 5527-6 12 3L
KR %0 - 10 12 050
Hmotnost (kg)
822155
Kreslil “ Nazev
s soni|, Lenka KARLOVA 5
P Cvennry 2.5.2014 PREVODOVKY KC 3
V PLZNI Schvalil
Datum (islo dokumentu
KATEDRA
KKS  KonsTRUOVANT [Drun dokumentu DP-KKS-2014-01/K

STROJU

SEZNAM POLOZEK
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VYTVORENO VE VYUKOVEM PROBUKTU SPOLECNOSTI AUTODESK

UKTU SPOLECNOSTI AUTODESK

i

dd WIAOMNAA A ONTHOALAA

N

VYTVORENO VE VYUKOVEM PR

MS3IA0LNY ILSONDITOdS NI

Nazev oznaieni Polotovar Hmotnost| . = Cislo

ks | Cislo vykresu o3,
Cislo vykresu — onafeni normy Material ko) P
ViCKO NA HRIDEL I DIN 7527-6

Z KR 190 - 20 12 050 L85 15

9 VICKO NA HRIDEL W DIN B27-6 9.1 36
KR 280 - 20 12 050

9 VICKO NA HRIDEL IV DIN B27-6 80.6 37
KR 670 - 47 12 050

1 VIKO HALE DIN 59200(A) 3.9 38
P 35020 - L60 12 040

1 VIKO VELKE DIN 59200(A) 405 39
P 430x20 - 600 12 040

LD

LOZISKO 22322F

1 SKF %.89 i1
1H0x24 0x80

1 LOZISKO 30222 SKF 456 L2
110x200x38

1 LOZISKO 30322 SKF 973 L3
1H0x240x50

1 LOZISKO 230300(C/ W33 SKF 1.05 L
BH0x225x56
LOZISKO 32030X/DF SKF

! B0x225x96 n.z &5

9 LOZISKO 61832 SKF 5 L6
160x200x20
LOZISKO 24B2(C/W33 SKF

2 24 59 L7
1H60x2 10x109 :

9 LOZISKO 61836 SKF 16 L3
1B0x225x22

9 LOZISKO 2224 4(C/W33 SKF 5887 L9
22Hx 1, 0x108
LOZISKO 23268CA/W33 SKF

Z 3LOX620X 224, 283 >0

] |

Hmotnost (kg)

822155

b

S ZAPADOCESKE

Kreslil

FAKULTA STROJNI
¢ Datum

UNIVERZITY

Lenka KARLOVA
252014

V PLZNI Schvalil

Datum

KKS

KATEDRA

Nazev

PREVODOVKY KC 3

KONSTRUOV ANi
STROJU

Druh dokumentu

SEZNAM POLOZEK

Cislo dokumentu

DP-KKS-2014-01/K

List 3 Listd 5
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VYTVORENO VE VYUKOVEM PROEUKTU SPOLECNOSTI AUTODESK

UKTU SPOLECNOSTI AUTODESK

i

dd WIAOMNAA A ONTHOALAA

N

VYTVORENO VE VYUKOVEM PR

MS3IA0LNY ILSONDITOdS NI

Nazev oznaieni Polotovar Hmotnost| . = Cislo
ks | Cislo vykresu o3,
Cislo vykresu — onafeni normy Material ko) P
52
1 KROUEK HRIDELOVY 150 6194 A1 0.038 =3
50x180xT NBR
2 KROUEK HRIDELOVY DIN 3760 8.21 se
3L0x380x70 NBR
55
1 PERO 452 L6
36x20x10
=¥ i
1 ODVZDUSNOVAC ELESA GANTNER 0.1 58
S 10-1 /4
: 0DVZDUSNOV AC ELESA GANTNER 01 -
SH 57-11/2 :
1 TOPNE TELESO 04 60
OH 100 2500w
1 OLEJOZNAK SLOUPCOYY 0.6 61
HOX 177 - H1?
1 VENTIL KULOYY FARKER 21 62
1 FPRECHODKA FARKER .45 63
L FATKA G 1/2-AL DIN 910 83 6L
1 KROUZEK POJNSTHNY DIN &+ H1 0.%69 65
180xL
1 KROUZEK POJNSTHNY DIN &+ H1 8.26 66
230x5
KROUZEK TESNICI (SN B 5555
1 o.M 67
DN32 -
2 Y KROUZEK SKF .01 68
3.0 VYRHE-R
Hmotnost (kg)
822155
Kreslil “ Nazev
s, Sene FARLOVA «
’UNI\/ERZITY - PREVODOVKY KE 3
V PLZNI Schvalil
Datum (islo dokumentu
KATEDRA
KKS  KonsTRUOVANT [Drun dokumentu DP-KKS-2014-01/K

STROJU

SEZNAM POLOZEK

List & Listd 5
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VYTVORENO VE VYUKOVEM PROEUKTU SPOLECNOSTI AUTODESK

UKTU SPOLECNOSTI AUTODESK

i

dd WIAOMNAA A ONTHOALAA

N

VYTVORENO VE VYUKOVEM PR

MS3IA0LNY ILSONDITOdS NI

Nazev oznaieni Polotovar Hmotnost| __ . tislo
ks | Cislo vykresu olo3
Cislo vykresu — onafeni normy Material ko) proz
SROUB IS0 LOTF
8 0.04 69
Miix1 )
i SROUB IS0 4017 8.045 70
M1x35
6 SROUB 150 4017 0.05 fal
M12x30
" SROUB DIN 912 0.06 12
M1Zxi
% SROUB IS0 4017 8.065 13
M1Zx45
% SROUB IS0 4017 8.1 1L
Mi6x50
” SROUB IS0 4017 0B 15
Mi6x60
" SROUB IS0 4017 02 16
M20x50
i SROUB IS0 4017 8,931 137
M30x 120
" SROUB IS0 4017 254 18
M30x260
20 PODLOZKA 12 IS0 7089 8.01 19
80
81
82
83
8L
85
Hmotnost (kg)
822155
Kreslil < Nézev
FAKULTA STFEOJNI Datum Lenka KARLOVA v
2.5.201k PREVODOVKY KC 3

S ZAPADOCESKE
V PLZNI Schvalil

UNIVERZITY

Datum

KKS

KATEDRA

KONSTRUOVANi | Druh dokumentu
STROJO

SEZNAM POLOZEK

Cislo dokumentu

DP-KKS-2014-01/K
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VYTVOIEREINO VE VYUPS(OVEM PRC$UKTU SPO%ECNOSTI APTODESK

m

)4

OLECNOSTI AUTODESK

(o)

qPUKTu SP

r

KOVEM PR

VYTVOIVQENO VE VYU (

o

HOALAN

N3

JAOMNAA A O

4

10ds NINGOUd W

n

V ILSONDT

YMS3doLN

8 | ] | 6 3 | 2 I 1
Ozubeni (CELNI, KUZELOVE) CELNI
Zuby (PRIME, SIKME, SiPOVE) SIKME
Potet zubl | z 23
Modul m 6
2 [Uhel profilu alfa 20°
& |Profil TSN 014607
ﬁ 0'015 AB Vyska hlavy nastroje hf 1,25
Uhel sklonu kFivky zubu beta 14°
| Smysl stoupani botni krivky zubu LEVY
J_ 0’015 AB ﬂ 0102 AB Jedynofkovépposunufi : X 0,418
Stupen presnosti 6cd25 DIN3961
B 23 Glhx0 L - Tloust'ka zubu na tétivée st | 9,324 / 9,24
1 E ’E Vyska hlavy zubu nad tétivou hc 5,922
G&x0,4 G&x0.4 ;g S [PFes 3 zuby W (46,299 / 46,252
. <,) _4 0,01 AB Pres valetky/Pramér valetku 10,5 M |78,438 / 78,379
A M24 CSN 01 4971¢% A Q A Z7 Modul Zelni mt 6,184
| B Primér zakladni kruZnice db 133,164
\ L Spoluzabirajici kolo
potet zubdl Vzdalenost os aw thel os
| H 295 0
100
O 0O
Na) o | E
: - 10 U 4 1 IO B —=— A O 111 § ) B :
— L IS IS —
1) © 3 S N . 1)
2
G
|
J J\
Ral,6 o /N ' Ral,6
& RaT6 A ——I ~ 2x45° \_A M24 CSN 01 4917 D
/0,01~ o~ &
2x45° 2 0
B o 1X45
2x45° Ix45°
1xL45°
80 ICIEN -
89 123
161 (90) 202 283
136
B (1:1)
DELKA FREZOVANI 239
o A-A
(67,00) BROUSENA DELKA 135 (37)
3,2 0,025(AB|  3,5x45°
' QQ\,))
7 - 5
< 1< : | B
N K_: S N— o Ra3,2
/ _ (o
Ml Ra32z  \/
| Textura povrchu Hrany IS0 13#15 Méritko Presnost |SO 2768 _ K
a — _O'A +O'l+ 1:2 Tolerovani -
= I , , fones | il- — S0 8015
2‘ £~ :‘ R DI_E FREZY R DLE FREZY % e 6’3 <\/> et Promitani
R 3 < = 83,7 kg =@
N N Material - Polotovar . Format
12,7 + 0 18CrNiMo7-6+A  VYKOVEK A3
- Kreslil e Nazev
: , Lenka KARLOVA
%EE%%T%L?OJ“' %m0 4 2014 PASTOREK 1
V PLZNI Schvalil
Datum Cislo dokumentu
KKS EQIIE%GOVAN] Druh dokumentu , PR DP-KKS-2014-02
STROJO VYROBNI VYKRES Lst 1 List 1
8 I L I 6 3 I 2 I 1

L | , 0 , L I
VYTVORENO VE VYUKOVEM PRC%UKTU SPOIL ECNOSTI AUTODESK




