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1. Uvod

Frézovaci a vyvrtavaci stroje jsou zafizeni pro pifeménu vychoziho materidlu
(polotovaru) na hotovy vyrobek. Polotovarem muzZe byt odlitek, svafenec nebo vylisek.
Dochazi ke zméné rozmérl, tvaru a kvalit€¢ povrchu. Tento proces se nazyva obrabéni.
Obrabéni probiha nékolika metodami. Nejcastéj§i konvenéni metodou je mechanické
odebirani tfisky.

Rezny pohyb je relativni pohyb mezi nastrojem a obrobkem. Rezny pohyb se rozklada

do slozek hlavniho a vedlejsiho fezného pohybu. Podle toho, zda hlavni fezny pohyb kona
obrobek nebo nastroj, rozlisujeme obrabéci stroje na:

e Frézovaci a vyvrtavaci stroje — hlavni fezny pohyb kona nastroj
e Soustruhy — hlavni fezny pohyb kona obrobek

Jelikoz je tato bakalarska prace zamétena na ptisluSenstvi frézovacich a vyvrtavacich strojt,
tak zde nebude feSena problematika soustruhtl.

2. ReSerse

2.1 Frézovaci stroje

Jak jiz bylo vySe zminéno, frézovaci stroje jsou vyrobni stroje, kde hlavni fezny pohyb kona
nastroj, tento pohyb je rotacni. Frézovani je tedy operace obrabéni nastrojem s vice bfity,
konajicim rotacni pohyb. Posuvny, tedy vedlejsi fezny pohyb, kona obrobek. Frézovat lze
rovinné 1 tvarové plochy. Zakladni rozd€leni frézovani je sousledné a nesousledné.

Sousledné frézovani je frézovani, pii kterém je smér rotace nastroje shodny s posuvem
obrobku. Prifez tfisky se zmensSuje od maxima, po zabéru zubu, do minima, pii vystupu zubu
ze zabéru. Z divodu souhlasnych smérti rotace a posuvu vznikaji vyssi naroky na upnuti.
Dalsi nevyhodou je silovy rdz pti vstupu zubu do zabéru.

Obr. 1 Sousledné frézovani [1]
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Nesousledné frézovani je frézovani, pti kterém je smér rotace nastroje opacny vici posuvu
obrobku. Priifez tfisky se méni od minima, pfi vstupu zubu do zabéru, do maxima, pii vystupu
zubu ze zabéru. Bfit musi byt do zabéru vtlacovan, coz zplsobuje vétsi namahani a tim veétsi
opotfebeni nastroje.

Obr. 2 Nesousledné frézovani [1]

Konzolové frézky

Konzolové frézky maji nejvétsi vyuziti pii frézovani mensich a stfedné velkych soucasti.
Z konstrukéniho hlediska jsou typy provedeni se svislou nebo vodorovnou osou vietena.

Zakladem ramu konzolové frézky je prestavitelna konzola pohybujici se po stojanu. Na
konzole jsou umistény san¢ se stolem.

Frézovaci trn Rameno
4

Opérné
“Tozisko

Podélny
“stal

Zakladna

Obr. 3 Konzolova frézka [1]
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Stolové frézky

Stolové frézky, nékdy téZ nazyvané loZové, se vyuZzivaji pro obrabéni tézSich obrobki.
Rozmérovym parametrem téchto frézek je upinaci plocha stolu a maximalni mozna hmotnost
obrobku. Stejné jako u konzolové frézky je moZné provedeni se svislym nebo vodorovnym
vietenem. Stll je posuvny s mozZnosti otaceni a vysuvny vietenik se pohybuje po stojanu.

Obr. 4 Stolova frézka [1]

2.2 Vyvrtavaci stroje

Vyvrtavaci stroje jsou velmi univerzalni. Vyrabé¢ji se s vodorovnym vietenem a casto se jim
fikd ,,horizontky*. Hlavnim feznym pohybem je stejné jako u frézek rotace nastroje. Vedlejsi
fezny pohyb je posuvny a kona ho obrobek nebo nastroj. Na téchto strojich lze vrtat,
vystruzovat, vyvrtavat, fezat zavity i frézovat. Zakladnim parametrem pro vSechny druhy
horizontek je vykon, primér vietene a vysuv vietene.

Stolové vyvrtavacky

Stolové vyvrtdvacky maji posuvny stil v podélném i pficném sméru, piipadné i otocny, na
kterém je upnut obrobek. Pii praci stroje dochazi ke kombinaci pohybu stolu a nastroje. Po
stojanu, ktery je pfipevnén k pevnému lozi, se pohybuje vietenik. Rozmérovym parametrem
je upinaci plocha stolu.
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Obr. 5 Stolova vyvrtavacka [2]

T — provedeni

Toto provedeni vychdzi z klasické stolové vyvrtdvacky. Hlavnim rozdilem je posuv stojanu
v ose Z. T — provedeni je zndzornéno na obr. 6 spolecné s popisem os.

Obr. 6 Stolova vyvrtavacka T-provedeni [2]

Deskové vyvrtavacky

U deskovych vyvrtavacek je obrobek upnut na nepohyblivé desce a vSechny pohyby jsou
vykonavany pojezdem stojanu po lozi, posuvem vietena po stojanu a vysuvem vietena
z vieteniku.
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Obr. 7 Deskova vyvrtavacka [2]

2.3 PrisluSenstvi vyvrtavacich a frézovacich stroji

Za piisluSenstvi téchto strojii se povazuji vSechna zafizeni, kterd zlepSuji technologické
moznosti obrabéni. Tato zafizeni jsou vyvinuta bud’ jako specidlni, urend pro konkrétni
pouziti, nebo univerzadlni, kterd je moZno pouzivat za urCitych (vétSinou vyrobcem
stanovenych) podminek. V této Céasti prace jsou uvedeny pouze nékteré moznosti
univerzalnich pfislusenstvi.

Upinaci zafizeni

Kazdy obrobek musi byt pfi obrabéni dostatecné upnut, aby nedoslo k jeho posunuti, a aby
byla vymezena piesnd poloha vici nastroji. Pfi upindni se dba zejména na tuhost upnuti a
polohu upnuti. Upinaci zafizeni se pouziva v ptipadé, Ze se obrobek neupind na pracovni stil
nebo desku stroje a je zapotiebi pracovisté doplnit zafizenim pro upinani. Cilem upinaciho
zafizeni je zvySit moznosti upinani a tim zjednodusit obrdbéni nebo zkrétit cas pottebny pro
upinani.

Obr. 8 Upinaci uhelnik [3]
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Otocné stoly

Toto pfislusenstvi zvySuje technologické moznosti pfidanim osy otaCeni. Oto¢ny stll je
ukotven do betonového zakladu pomoci fixator. Otaceni je ovladané z fidiciho panelu stroje.
Zakladnimi parametry oto¢ného stolu je velikost desky a jeho nosnost (hmotnost obrobku,
ktery je mozno na stl upnout). Oto¢ny stil se sklada z desky, sani a loze. Deska stolu je
zebrovany odlitek s kruhovym vedenim. Po loZi se posouvaji san€ s pohonnym mechanismem
otaceni stolu. Loze je ukotveno do betonového zakladu pomoci specidlnich Sroubii nebo
fixatord, které umoziuji vyrovnani celého oto¢ného stolu do roviny. Pro zajiSténi plynulosti
otac¢eni desky, je nutné dodrzet rovnomérné zatizeni stolu. Toho se dosdhne rovnomérnym
rozlozenim hmotnosti obrobku.

Obr. 9 Otocny stil [2]

Zavizeni pro chlazeni nastroju

Toto pfisluSenstvi slouzi k chlazeni néstroje a filtraci chladici kapaliny. Chladit nastroj lze
vnéjSim oplachem nebo vnitinim vyplachem. Chladici kapalina je znadrze cCerpana
v potiebném mnozstvi a tlaku k nastroji. Samospadem tece pies filtr do nadrze, odkud je opét
cerpana k nastroji. Chladici zafizeni je pfipojeno ke stroji a ovladano pies fidici panel stroje.
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Obr. 10 Zarizeni pro chlazeni nastroji [4]

Frézovaci zarizeni

Frézovaci zafizeni jsou pfisluSenstvi, ktera rozSifuji technologické moznosti a zvySuji
flexibilitu stroje. PouZzivaji se pro obrabéni tvarové slozitych ploch nebo obrabéni ploch, kam
se vieteno stroje nedostane. Dalsi zasadni vyhodou je zkraceni meziopera¢nich Cast, jelikoz
polohovani frézovaciho zatizeni je relativné jednoduché a rychlé. Vlastnosti frézovacich
zafizeni jsou nejvice ovlivnény pozadavky, které jsou kladeny na obrabéci stroj jako celek,
tedy vcetn¢ frézovaciho zafizeni. Témito pozadavky jsou zejména produktivita a kvalita
prace.

Produktivita prace

Produktivitou prace (vykonnost) obrabéciho procesu se rozumi j¢ mnozstvi odvedené prace za
casovy usek. Celkovy Cas potifebny pro obrabéni je soucet ¢asu strojniho a ¢asu vedlejSiho.
Oba casy je potieba zkracovat, ale ktery ¢as je vhodné vice ¢i méné zkratit, zavisi na druhu
vyroby. Zkracovani strojniho ¢asu Ize dosdhnout optimalizaci feznych podminek (zvySovanim
rychlosti posuvu a otacek). Timto se zvySuji pozadavky na dynamickou a tepelnou stabilitu
nastroje a tuhost frézovaciho zafizeni. Zkracovani vedlejSiho ¢asu je mozno ovlivnit
automatickou vymeénou néstrojti nebo obrobki.

Kvalita prace

Dalsim pozadavkem na frézovaci zafizeni je kvalita prace. Kvalitou prace je mozné nazvat
presnost, kterou je schopnost splnit pozadavky na rozméry, tvar a povrch obrobku.
Geometricka piesnost je dilezitou vlastnosti obrabéciho stroje. Jsou to parametry popisujici
stroj z hlediska polohy a pohybu jeho &asti vii¢i sob&. Tyto parametry upravuje norma CSN
ISO 230-1. Soucasti kazdého stroje je protokol o méfeni geometrické presnosti, ktery je se
strojem predavan vyrobcem.

Kvalitu prace, stejné¢ jako produktivitu, ovlivituje tuhost a dynamickd a tepelna stabilita
celého zatizeni, stejné jako presnost jeho jednotlivych komponent.

Tuhost

Tuhost je schopnost odolédvat deformaci. Obecné je definovana jako derivace zatizeni dF
podle deformace dx.
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K= dF
dx

Rozli8uji se dva typy tuhosti, a to tuhost v posunuti a tuhost v natoceni.

Tuhost v posunuti je definovana jako derivace sily dF puasobici ve sméru deformace podle
deformace dx.

_dF
P dx
za predpokladu platnosti Hookova zakona tzn. platnost linearni zavislosti pasobici sily na
deformaci, 1ze tuhost pocitat dle vztahu

k

K _F
P x

kde F je pusobici sila a x je velikost deformace ve sméru pusobici sily.

Tuhost v natoceni je definovana jako derivace momentu sily dM podle deformace do od
momentu sily.

M

ky = —
t dq}

Za ptedpokladu platnosti linearni zdvislosti ptisobiciho momentu na natoceni, lze tuhost
v natoceni pocitat dle vztahu

M
k=—
¢

kde M je moment sily a ¢ je thel natoceni.

Celkova tuhost zatizeni se stanovuje sklddanim dil¢ich tuhosti jednotlivych ¢asti. Pti vypoctu
se fesi tuhosti v tahu (tlaku), ohybu, krutu a smyku. Jednotlivé deformace se urcuji podle
vztahl vyplyvajicich z Hookova zakona, které jsou uvedené v tabulce:

Zatizeni Deformace Tuhost

Tah, tlak y=§:; k=E;‘S
Ohyb y= %l:[o k = %
Krut . ]\Z;k**lik == l*klk

Tab. 1 Vztahy pro vypocet deformaci a tuhosti pro ruzna zatiZeni

Ze vztaht je patrné, ze deformaci 1ze ovlivnit rozméry, tvarem a materidlem.
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Skladani tuhosti

Jednotlivé ¢asti, u kterych je feSena tuhost Ize aproximovat na pruziny, a tedy skladani tuhosti
1ze chépat jako tazeni pruzin. Celkova tuhost zafizeni se vyjadii sériovym, paralelnim nebo
kombinovanym fazenim pruzin. Pro znazornéni vypoctu je vhodné vytvofit vypoctovy model,
ve kterém jsou jednotlivé ¢asti zatizeni poskladany paralelné a sériové jako pruZiny.

Paralelni Fazeni pruZzin

Paraleln¢ znamena vedle sebe. Z obr. 11 je vidét, ze vysledna sila je soucet sil plsobicich na
jednotlivé pruziny, tzn.

F.=F1 + F2 + ..+ Fn.
Pouzitim definice tuhosti v posunuti miiZeme napsat:
kexx.=ky*x1+ky*xx,+ -+ k, xx,
Déle je z obrazku XX patrné, ze deformace je pro vSechny pruZziny stejna, tedy:
Xe =X1 =Xz =" = Xp
Vydélenim deformaci dostavame vztah
ke =ky+ky+--+ky

Z toho plyne, Ze pii paralelnim fazeni pruzin je celkova tuhost rovna souctu tuhosti

jednotlivych pruzin.
A

F
ka

lo Al

Obr. 11 Paralelni Fazeni pruzin [5]

Sériové iFazeni pruzin

Sériové znamena za sebou. Z obr. 12 je nyni vidét, ze sily plisobici na jednotlivé pruziny se
rovnaji a rovnaji se i celkové sile, tedy:

FE=F=FK="=EK

Dale je z obrazku Y'Y patrné, Ze celkova deformace se rovna souctu deformaci jednotlivych
pruzin, tzn.:

Xe =Xx1+x,+ -+ x,

10
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Vyjadienim deformace z definice tuhosti a dosazenim do vztahu dostavame vztah:

F_F+F+ +F
kc_kl kZ kn

Vydélenim sily F dostavame vysledny vztah:

1 1 N 1 . 1

kc - kl k2 kn
Z tohoto vztahu vyplyva zavér, ze pii sériovém fazeni pruzin je prevracend hodnota celkové
tuhosti rovna souctu prevracenych hodnot tuhosti jednotlivych pruzin. Pfevracena hodnota
tuhosti je poddajnost. Plati tedy, ze celkova poddajnost je soucet poddajnosti jednotlivych
pruzin.

K. K, Ky
B M\/\\/ F
— —

Lo | Lals F sz B2 aln o

Obr. 12 Sériové razeni pruzin [5]

Dynamicka stabilita

Pii obrabéni dochazi k dynamickému zatizeni tim, ze se bfit frézy zafezava do materidlu.
Timto dochézi ke kmiténi, a proto cely obrabéci stroj, tedy véetné frézovaciho zatfizeni musi
byt dynamicky stabilni. To znamena, Ze musi odoldvat kmitdni. Kmitani je nutné tlumit
pruznymi deformacemi pouze do pozadované presnosti, coz je relativné mald deformace. Tim
vznikaji vysoké ndroky na rozmeéry, tvar i material frézovaciho zafizeni. Z tohoto divodu
mnohdy nelze obrabét hluboké otvory, protoze by na konci nastroje dosSlo k pfrili§ velké
deformaci a mohlo by dojit i k ulomeni nastroje. Cely obrabéci stroj je slozity kmitajici
systém. Dynamicky stabilni stroj je, kdyz se nezvétSuji amplitudy kmitdni. RozliSuji se tii
typy kmiténi: volné, vynucené a samobuzené.

Volné kmitani

Voln¢ kmita soustava, kterd byla uvedena do nerovnovazné polohy. Takové kmitani je mozné
popsat pohybovou rovnici:

ma+bv+kx=0

kde m je hmotnost soustavy, a zrychleni, b konstanta tlumeni, v rychlost, & tuhost a x je
vychylka.

Dutlezitym parametrem je vlastni frekvence soustavy

3=
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Touto frekvenci kmita netlumena soustava po uvedeni do nerovnovazné polohy.

Vynucené kmitani

Vynucené kmitani je popsano podobnou rovnici jako volné kmitani, ovSem s nenulovou
pravou stranou, kde je budici sila proménnd v Case.

ma + bv + kx = F(t)

V ptipadé periodicky proménné budici sily F(?) je potieba brat ohled na frekvenci této budici
sily. V ptipad¢ rovnosti frekvence budici sily a vlastni frekvence soustavy, dochazi k jevu,
nazyvanému rezonance. Pfi rezonanci dochazi ke zvySeni vychylky a v pfipadé netlumené
soustavy az do nekonecna a tim poskozeni kmitajici soustavy. Rezonanci se zabranuje
konstrukénimi Gpravami, které vedou ke zméné vlastni frekvence napt. zménou tuhosti nebo
hmotnosti soustavy.

Samobuzené kmitani

Toto kmitani vznika pfi pisobeni vnéjsi sily, kterd nemusi byt periodicka, ale vyvola
v soustaveé kmitani. Amplituda takového kmitani rychle narasta a ustéli se na urcité hodnoté.
Frekvence samobuzeného kmitdni se blizi k vlastni frekvenci nékteré Césti soustavy.
Samobuzené kmitani byva vyvolano obrabénim pfii ur¢itych feznych podminkach.

Tepelna stabilita

Pti obrabéni vznika teplo, které je nezadouci, protoZze ma negativni vliv na nastroj a frézovaci
zafizeni, a tim na presnost a jakost obrabénych ploch. V zdsad€ se rozliSuji tfi druhy tepla
pusobici na frézovaci zafizeni. Jsou to:

e Teplo vznikajici v disledku obrabéni
e Teplo vznikajici pasivnimi odpory ve frézovacim zafizeni, napt. v ulozeni
e Teplo z okoli

Zména teploty ma vliv na rozméry, protoze zpusobuje teplotni dilataci. Teplotni roztaznost se
stanovuje ze vztahu:

Al =1 xaxAt
kde Al je zména délky, / rozmér soucasti, a soucinitel teplotni roztaznosti a Af rozdil teplot.

Pfi konstruovéani je potfeba brat ohled na tepelné¢ zdroje a tyto zdroje izolovat nebo je
vhodnym zpisobem ochlazovat. Teplotni dilataci lze pfedchazet volbou vhodného tvaru a
materialu, ktery mé velkou tepelnou kapacitu a nizky soucinitel teplotni roztaznosti.

Rozdéleni frézovacich zarizeni
Frézovaci zatizeni se rozdéluji z n¢kolika hledisek podle:

e poctu a sklonu os nataceni
e zpisobu nataCeni

Poc¢tu a sklonu os nataceni

Rozlisuji se jednoosa a dvouosa nataceci zatizeni. Jednoosa zafizeni maji jednu oto¢nou osu a
1ze je natocit o uhel 360°. Oto¢na osa zafizeni je sklonéna o thel 90° vzhledem k ose vietena
stroje. Dvouosa natdCeci zafizeni maji jednu osu totoZnou s osou vietena stroje a druhd osa je
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sklonéna o uhel 45° nebo 90°. Dalsi moznosti jsou jednoosa zafizeni, ktera maji pouze jednu
osu, a ta je totozna s osou vietena stroje. Tato zafizeni slouzi k prodlouZeni vietena stroje
nebo ke zvySeni otacek nastroje napiiklad pii obrabéni snadno obrobitelnych materiald.

Zpusobu nataceni

Prvnim zplisobem nataeni os zafizeni je ru¢ni, pomoci $nekového soukoli. Zde je potieba
zajistit vhodnym zpiisobem aretaci polohy, aby pfi obrabéni nedoslo ke zméné natoceni. Ram
zafizeni je vybaven noniem pro nastaveni presné polohy. DalSim zplsobem je natdceni
pomoci vietena stroje tzv. indexovanim. Zde je pohon natoceni zajistén od vietena stroje.
Natoceni ovSem neni libovolné, protoze spojeni je napiiklad pomoci Hirthovy spojky
v rozsahu 12 — 360 zubt, tudiz minimalni natoceni je po jednom stupni (jednom zubu). Tteti
moznosti je polohovym servomechanizmem, zde je moZzno nataceni pod libovolnym Uhlem.
Nataceni zajiSt'uji servomotory.

Obr. 13 Riizné moznosti konstrukce frézovacich zarizeni [5]

2.4 Funk¢éné konstrukéeni celky
Ram - téleso

T¢leso frézovaciho zatfizeni je odlitek nebo svafenec, ve kterém jsou ulozeny vSechny soucasti
zafizeni. Souc¢asti ramu je piiruba, pomoci které se zatfizeni montuje na pinolu stroje. V radmu
jsou, mimo jiné, uloZeny vstupni a vystupni hiidel. Z tohoto diivodu jsou na ram kladeny
zvySené pozadavky tuhosti, tepelné a dynamické stability. Z dlivodu tepelné stability musi byt
zajistén dostatecny odvod tepla a dynamicka stabilita je vyzadovana pii velkém vyloZeni
nastroje. Z diivodu slozitosti tvaru a moznosti konstrukce se vypocty provadi analyzou MKP.

Obr. 14 Téleso zarizeni pro MKP analyzu [2]
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Pohon

Hlavni pohon je odvozen od vietena stroje. Pfenos momentu je zajiStén perem nebo
Hirthovou spojkou. Pokud je pozadovana zména otacek, je mezi vstupni a vystupni hiidel
fazena prevodovka s ¢elnimi koly a pro kolmou osu se tadi kuzelova kola.

Vedlejsi pohyb (indexovani) je provadén vietenem stroje. Dal$i moZnosti vedlej$iho pohybu
je pomoci vlastniho pohonu, nejcastéji servomotorem. V piipadé souvislého vedlejsiho
pohybu je pomoci servomotoru, ktery je soucasti frézovaciho zatizeni.

L] o

l 1
L

Obr. 15 Kinematické schéma pohonu frézovaciho zarizeni [2]

Privody energie (chladivo, elektricka energie, informace)

Frézovaci zatizeni jsou v zavislosti na typu a pozadovaném stupni automatizace vybavena
témito automatickymi funkcemi.
e Upinani zafizeni na Celo pinoly
e Upinani néstroje svazkem pruzin, uvoliiovani tlakovym olejem
e Mazani lozisek a ozubenych kol
e Chlazeni lozisek
Ochrana vnitiniho prostoru zafizeni tlakovym vzduchem
Cisténi upinaciho kuzele tlakovym vzduchem vedenym pies rota¢ni piivod (rozvadse
pro piepinani vzduch — fezna kapalina bude umistén na stroji a ovladat z panelu stroje)
e Chlazeni a mazéani fezného néstroje feznou kapalinou rotacnim piivodem
e Pohon motorti umisténych na zatizeni
Vétsinou jsou piivody energie a informaci pro tyto funkce (konektory, hydraulické spojky)
umistény v pfirubé stroje a zafizeni.
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Obr. 16 Rotaéni prived chladiva [6]

3. Rychlobézné frézovaci zarizeni

Pro konstrukci frézovaciho zafizeni jsou pouZity parametry uvedené v piiloze zadéani
bakalaiské prace. Pro lepsi ptehled jsou uvedeny i zde.

Ptevod mezi vietenem frézovaciho stroje a 1:4
vietenem zafizeni
Max. otadcky vietene zatfizeni 1/min 6000
Vykon od otacek 1500 1/min kW 20
Max. to¢ivy moment do otadcek 1500 1/min Nm 127
Zivotnost hod 4000
Kuzel vietene ISO 50
Ustélena provozni teplota °C 70
Mazéni tuk
e ZatéZovaci stavy

Stav | Pomérna doba Moment Otacky

béhu

qi
min’'

1 0,3 127 1500
2 0,5 48 4000
3 0,2 32 6000

e Dokumentace pro konstrukci

Ucebni text

ul vret 2013.pdf

Program KISSsoft: ul vret frez speeder. W10, MitCalc
Vykres vreteno frez.dwg
Konkuren¢ni vyrobky www.spindle speeders

Dale bylo vychazeno z vykresu uvedeného na obr. 17. Na tomto obrazku jsou popsany hlavni
dily a dulezité rozméry frézovaciho zatizeni.
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Popis pracovniho cyklu frézovaciho zarizeni

Nasazeni na stroj

nastaveni polohy vietena zafizeni a vietena stroje pomoci teci spojky
upevnéni na stroj pomoci svérnych spoju na pfirubé

uvolnéni aretace vysuvem vietena stroje

upnuti nastroje

Sejmuti ze stroje

uvolnéni nastroje vysuvem vietena stroje

orientace vietena pro aretaci

aretace polohy zasunutim vietena stroje

uvolnéni svérnych spojti a sejmuti frézovaciho zatizeni

Dopliiujici poZadavky na zarizeni

Ptiruba zatfizeni bude opatfena spojkou pro ptivod tlakového oleje, kterym se bude
ovladat upinani zafizeni na ¢elo pinoly.

Upinani nastroje se bude provadét svazkem pruZin, uvoliiovdni vysunutim vrtaciho
vietena stroje.

Mazani lozisek a planetového prevodu bude feSeno stalou naplni tuku.

Chlazeni lozisek a ozubeni bude zajiSténo pfirozenym piestupem tepla.

Aretace thlové polohy vietena zafizeni vzhledem k uhlové poloze vietena stroje se
provadi aretaénim mechanismem. Tento mechanismus se odjistuje vysuvem vietena.
Ochrana vnitiniho prostoru zafizeni tlakovym vzduchem vedenym z pfiruby zatizeni
pies spojku

Cisténi upinaciho kuZele tlakovym vzduchem vedenym pies rotaéni piivod (rozvadse
pro piepindni vzduch — fezna kapalina bude umistén na stroji a ovladat z panelu stroje)
Chlazeni a mazani fezného nastroje feznou kapalinou rota¢nim piivodem

Chlazeni a mazéani nastroje upnutého v dutin¢ vietena se provadi pfivodem fezné kapaliny
osou vietena.
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Obr. 17 Vychozi vykres pro konstrukei frézovaciho zarizeni
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Adaptér ISO 50

Adaptér ISO 50 je pouzit dle zadani kuzele vietena ISO 50 a je umistén na vstupu frézovaciho
zatizeni. Slouzi k pfenosu tocivého momentu z vietena stroje. Tento adaptér je spojen s hlavni
hrideli frézovaciho zatizeni pomoci tfeci spojky. Adaptér byl vybran z katalogu Rotating tools
— Tooling system od firmy SANDVIK Coromant. Oznaceni adaptéru: A1B20-50 16 063

i1} it il 3 l

Obr. 18 Adaptér ISO 50 [7]

Parametry adaptéru:

Kuzel ISO 50
dm; [mm] 16
D, [mm] 48

1y [mm] 39
l; [mm] 63

m [kg] 3,1

Na zéklad¢ téchto parametri byla vybrana tfeci spojka HSD 56 — 20 zkatalogu
FRICTIONAL CONNECTIONS od firmy STUWE.
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Parametry tieci spojky:

1
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Obr. 19 Nacrt treci spojky [8]
d [mm] 55 H, 73

dy [mm] 48 A [mm] 72

M, [kNm] | 0,57 | di[mm] | 59

D [mm] 90 e 2,5

1 [mm] 13 m [kg] 0,4

Obr. 20 Model adaptéru ISO 50 s hrideli zarizeni spojeno tieci spojkou
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Vstupni hridel zarizeni

Do této hiidele bude na jednom konci zasunut adaptér ISO 50 a zajistén tfeci spojkou a na
druhém konci bude hiidel vstupovat do prevodovky. Protoze hiidel prendsi zatizeni, je
potieba zkontrolovat, zda primér, ktery je potfeba pro svérnou spojku, pfenese zatizeni
z ptilohy zadani.

Pti otackach zatizeni n,; = 1500 1/min a vykonu P = 20 kW je to¢ivy moment 127 Nm.
ProtoZe pfevod mezi vietenem frézovaciho stroje a vietenem zafizeni i = 4, tak otacky vietena
stroje jsou:

N,qr 1500

Ngtr =T T= 375 1/min

Pti téchto otaCkach je to¢ivy moment na vietenu stroje

v B P _ 20000 — 09 N
KStT—Z*T[*n_Z* *375_ m
T*780

Priimér htidele se stanovi z maximalniho dovoleného napéti v krutu. Zatizeni je povazovano

za statické, proto maximalni dovolené napéti v krutu Ty = 85 MPa.

Plati:
- MKstr _ MKstr -
T W, T omxad T
16

kde tj je napéti v krutu, T4, je dovolené napéti v krutu, Mg, je kroutici moment stroje, W),
je prafezovy modul v krutu a d je pramér hiidele.

Po tprave tohoto vztahu dostdvame vztah pro vypocet priiméru

Protoze pro tieci spojku HSD 56 — 20 je potfeba primér hiidele 57 mm a to je vEtsi nez
minimalni mozny tj. 31,2 mm. Z tohoto vyplyva, Ze je mozné pouzit tuto tieci spojku.

Aretaéni kotoué¢

Aretacni kotouC je na vstupni hiideli zatfizeni zafazen jesté pred adaptérem ISO 50 a je na
htidel pfipevnén tfeci spojkou HSD 61 — 20. Aretacni kotou¢ slouzi k nastaveni polohy
vietena zafizeni, aby bylo ve stejné poloze jako vieteno frézovaciho stroje. Pfed nasazenim
frézovaciho zafizeni na stroj se tfeci spojka povoli, nastavi se poloha vietena, spojka se opét
utdhne a zafizeni se nasadi na stroj. Pied frézovanim dojde vysunutim vietena stroje k
uvolnéni aretaéniho kotouce z konzoly pro aretaci vietena. Aretacni kotou¢ nepifenasi zadné
zatizeni. Z tohoto diivodu by pro upevnéni na hiidel postacovala mensi spojka. OvSem bylo
by zbytecné z tohoto ditvodu upravovat primér hiidele na mensi. Po dokonceni obrabéni a
sundani (sejmuti) zafizeni, je toto naorientovano tak, aby se areta¢ni kotou¢ zasunul do
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konzoly. O toto se postara pruzina aretace, ktera je umisténa mezi aretatnim kotoucem a
hrideli pfevodovky.

Obr. 21 Model aretace pro zajiSténi polohy

Rotaéni privod chladiva

Rotacni piivod chladiva je zafizeni, které rozvadi chladici medium k potfebnym castem
frézovaciho zafizeni. Rota¢ni pifivod chladiva je umistén ve vstupni hiideli frézovaciho
zafizeni. Na konci, respektive na vstupu do ptevodovky. V hiideli je pro n&j zhotoven otvor.
Z katalogu Rotary unions firmy KADANT byl vybran rota¢ni piivod chladiva
GFR009030110.
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Obr. 22 Nacrt pouZzitého rota¢niho privodu chladiva [6]

A [inch] 0,24 H 3/8*“ BSP
B Ml6x 1,5 LH L [inch] 0,43

C [mm] 17,994/17,983 M [inch] 0,20

D [inch] 0,96 P [inch] 2,19

F [inch] 1,73 Q [inch] 1,06
G 1/8“ BSP R [inch] 4,17

Jakub Slajs

Pii vybér je dulezity pribéh tlaku v zavislosti na otackach. Takovy pribéh je znazornén na
obr. 23. Je zde vidét, Ze v rozsahu otacek od 375 1/min do 1500 1/min je tlak konstantni na
hodnot¢ ptiblizné 1015 psi a to odpovida ptiblizn¢ 70 bar.

4

4

Pressure (psi)

Rotary Union Type GFH-GFRA PV Diagram

160
ais -\
870 \\
725 .\'
[
l.""""'!ln.
580 e |
435
PV diagram at estimated joint Iife of 10,000 hours.
290 Working conditions with difierent pressure’spesd
values ars possinie, but the joint life is iower,
145
DDDDDDDDDDDGDDDDDDDDGD
O Q9O QO QO 90000000 oQoQQQQoQoQ
w o w o w o w o u o w0 w0 w0 w o wm o
— o~ O & M M0 < = 0w w0 @9 ~M~o Q@ o g O
Speead (rpm)

Obr. 23 Diagram zavislosti tlaku na otackach rotacniho privodu chladiva [6]
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Vstup do prevodovky

Pro ptenos zatiZzeni mezi hiideli a ptevodovkou byl zvolen spoj pomoci pera. Pro vyvaZzeni pii
provozu byla pouzita dvé pera proti sobé. Zde je potieba stanovit délku per z dovoleného
tlaku a zkontrolovat na stfih.

Maximalni dovoleny tlak pg= 120 MPa
Plati:

p= 5= Pa
kde F je sila plisobici na pero a S je plocha na kterou piisobi sila.

Sila F se stanovi z krouticiho momentu a priiméru htidele, plati tedy:

2Mygr 2 %509
F= = = 14543 N
d 0,070

Tato sila je pro obé& pera. Pro zjiSténi délky jednoho pera pouzijeme polovic¢ni silu, tzn. F/2 =
7271,5 N.

Dalsim krokem je nalezeni velikosti pera ve strojnickych tabulkach pro primér hiidele 70
mm. Bylo nalezeno pero o vySce h =12 mm a Sifce b =20 mm.

b : b

. L -l

=T ey e
o T 7.
= /e

Obr. 24 Nacrt pera a jeho uloZeni [9]

d-t
de+t

A =0,5b

Z obr. 24 je vidét, ze plocha S, na kterou sila F piisobi je:
S " L—b
= — k -
>+ (L—b)
zde L je délka pera.

Nyni jiz mizeme dosadit do vztahu pro tlak

F/2
PaZ———
Z tohoto vztahu lze vyjadiit délku pera L:

2%F/2 2+%7271,5
= +b=——
Pa*h 120 = 12

+ 20 =30,1mm
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Z tohoto vysledku je s ohledem na tabulkové hodnoty zvolena délka pera 70 mm.

Dalsim krokem je kontrola pera na stfih. Plati:

|

Ts =

kde T4 je napéti ve stiihu.

Z obr. 24 je vidét, Ze plocha, na kterou ptsobi sila F je
S=(L-b)xb

Sila F je stale stejna, proto je mozno dosadit do vztahu

_ F 72715
" (L=b)xb (70—=20) * 20

T, =7,27 MPa
Dovolené napéti na stiih (smyk) se stanovi jako 0,6 krat dovolené napéti v tahu. Dovolené
napéti v tahu pro ocel g, = 200 MPa

Tedy: t44 = 0,6 xg; = 0,6 * 200 = 120 MPa. Je splnéna podminka t,;5 = T a tim pera na
stiith vyhovuji.

Planetova pievodovka

Pfevodovky obecné slouzi k vytvofeni silové a kinematické vazby mezi vstupnim a
vystupnim ¢lenem. Klasické pfevodovky maji jeden stupen volnosti. Planetové prevodovky
vzniknou uvolnénim napf. rdmu a tim vznikne soustava s dvéma stupni volnosti — diferencial.
Uvolnovanim a brzdénim urcitych ¢asti je mozno ménit pievodové pomery.

V tomto pripad¢ slouzi planetova pirevodovka pro pfevod mezi vietenem frézovaciho stroje a
vietenem zafizeni, je umisténa uvnitt frézovaciho zafizeni a ram pievodovky, respektive
korunové kolo je nehybné, spojené s télesem frézovaciho zatfizeni. Vstupem do pfevodovky je
vstupni hiidel, kterd je pohanéna obrabécim strojem a pienos krouticiho momentu je zajistén
jiz zminénym a vypoctenym perem. Na obr. 25 je zndzornéno kinematické schéma planetové
ptevodovky.

Z2; N2
UNASEC * . KORUNOVE KOLO

No __JZ5m

CENTRALNI KOLO SATELIT

Obr. 25 Kinematické schéma planetové pirevodovky
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Pro vypocet ptevodového poméru vychdzime ze vztahu:

n; —ny Z

Ny, — Ny Z

kde n; je pocet otacek centralniho kola, n, pocet ota¢ek korunového kola, n, pocet otacek
unasece, z; pocet zubu centralniho kola, z, pocet zubti korunového kola.

Znaménko minus pfed zlomkem na pravé strané rovnice znamena zménu smyslu otacek. Déle
vychazime z pevného korunového kola. To znamend, Ze otacky korunového kola n, = 0.
Dosazenim a upravou vztahu nyni dostdvame:

Z2

ny
—_——+1=—-—
ny Z4

Nyni upravou tohoto vztahu tak, aby na levé strané¢ byly jen otacky centralniho kola,

dostaneme vztah:
Z
n, = (1 + —) ny

Z1

Hodnota v zavorce urcuje ptevodovy pomér. V tomto piipadé podle zaddni ma byt prevodovy
pomér roven 4. To znamenad, Ze pomér:

Zy
2_-3
Z

Protoze pfevod mezi vietenem obrabéciho stroje a frézovaciho zafizeni je zadan a feSeni
planetové prevodovky neni v této praci pozadovano, proto neni planetova pifevodovka vice
feSena.

Upinaci mechanismus

Upinaci mechanismus slouzi k upnuti nastroje a pienasi sily a to¢ivy moment potiebny pro
obrabéni. ToCivy moment je ptrenaSen kuzelovou tfeci plochou a unaSecimi kameny vietena.
V dutin¢ vietena je umistén mechanismus OTT — Jakob pro vymeénu ndstroji. Tento
mechanismus zajiStuje automatické upinani a uvolfiovani nastroje. Upnuti je vyvozeno
packovym upinacim mechanismem. Silu pro upnuti vyvozuje tazeny svazek pruzin umistény
pied packovym mechanismem. Svazek pruzin je ovladan vysuvem vietena stroje. Vysuvem
dojde ke stlaceni pruzin, ty ovladaji packovy mechanismus, ktery uvolni nastroj. Dale musi
byt zajisténo, ze pii vypnuti stroje zlistane nastroj upnut. Mechanismus OTT — Jakob je
pfipojen na rotacni ptivod chladiva a stfedem celého upinaciho mechanismu je ptivadéno
chladici medium k néstroji. Princip fungovani mechanismu OTT — Jakob je znazornén na obr.
26.

25



Zapadodeska univerzita v Plzni, Fakulta strojni Bakalarska prace, akad. rok 2015/16

Katedra konstruovani stroji Jakub Slajs

m_

Obr. 26 Upinaci mechanismus OTT Jakob [10]

UloZeni viretene frézovaciho zarizeni

Zakladnim poZadavkem na uloZeni frézovaciho vietena je ptenos zatiZzeni od nastroje pfi
obrabéni. Toto zatiZeni je silové a da se rozlozit do radidlniho a axidlniho sméru. DalS§im
pozadavkem je vymezeni piesné polohy vietena a zarovein zajistit oto¢ny pohyb. Existuji dva
zakladni typy ulozeni a to kluzné a valiva. V tomto ptipad¢ je vhodnégjsi volit valiva ulozeni.
Diivodem jsou mensi ztraty, a tim mensi tepelné zatizeni, mensi spotfeba maziva a lze je tedy
pouzit pi1 vétSim poctu otacek.

Valivé loziska se rozdé¢luji podle zatiZeni, kterd pienasi, a to na radialni a axialni.

Radidlni loZiska pfenasSeji zatiZzeni kolmo na osu uloZené soucasti. Axialni loziska ptfenaseji
zatizeni ve sméru osy soucasti. Existuji i loziska, kterd prendSeji oba sméry zatizeni.
V ptipadé, ze ptevazuje zatizeni radidlni, nazyvaji se tato loziska radialn¢ axialni, v opacném
ptipadé€ jsou to loziska axidlné radiélni.

Dale se loziska rozdé€luji podle druhu télisek na kulickova, valeckova, kuzelikova,
soudeCkova a jehlova. Tato téliska se dotykaji krouzka a podle toho se rozdéluji jesté na
loziska s bodovym dotykem (kulickova) a s carovym dotykem (valeckova, soudeckova,
kuzelikova, jehlova).

Dal8i moznosti je vlozeni vice télisek vedle sebe, a tim se loziska rozd¢luji na jednotada a
vicetada (dvoutada, trojfada).

/////////////

R

7

\\\\\\\\

ANl

Obr. 27 Druhy valivych lozisek [11]
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Zakladni rozméry loZisek

Obr. 28 Zakladni rozméry loZisek [11]
@D...vn&jsi pramér
@d...vnitini pramér
B...sitka

r...polomér zaobleni

Statické zatizeni lozisek

Staticka inosnost je dulezitd u lozisek, kterd se pomalu otaceji nebo se delsi dobu nepohybuji.
Staticka inosnost je zatizeni, které zptsobi trvalou deformaci v misté dotyku 0,0001 @ téliska.
Staticka tinosnost se znaci Cy a je udavana v katalogu vyrobce loziska.

Pti kombinovaném namahani (radialni 1 axidlni silou) se zavadi ekvivalentni sila Fey,
Fory = Xo * Frp + Yy * Fyp

Kde Xy je soucinitel statického radialniho zatizeni, F,, je statické radidlni zatizeni, Y, je
soucinitel statického axidlniho zatizeni a F,, je statické axialni zatiZeni.

Soucinitelé Xy a Yy jsou udavany v katalozich vyrobct lozisek.

Dynamické zatiZeni loZisek

Dynamické zatizeni loziska zde neznamena zatézovani proménlivym zatizenim, ale zatizenim
pii otackach, kdy uz se nepovazuje zatizeni za statické.

V katalogu vyrobct lozisek je uvedena dynamicka unosnost loziska C. Vychodiskem pro
stanoveni velikosti dynamické unosnosti C je zakladni trvanlivost L. Tato trvanlivost je jeden
milion otacek.
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Cp
L=(F> =1060t

zde C je dynamicka unosnost, F je zatizeni a p = 3 pro bodovy styk a p = 3/10 pro ¢arovy
styk.

Zde pro urceni zakladni dynamické inosnosti C je potieba, aby F = C.

Trvanlivost loZiska p¥i dynamickém zatiZeni

Trvanlivost loziska Ly vyjadiuje pocet hodin, po které vydrzi loZzisko dané zatizeni. Pti
stanoveni trvanlivosti se vychazi ze zédkladni trvanlivosti L vydélené poctem otacek. Tedy:

Ly

105+L  10° (C>P

T 60+n 60+n \F

kde L je zakladni trvanlivost, n je pocet otd¢ek za minutu, C je dynamicka Unosnost, F je
zatizeni, p = 3 pro bodovy dotyk a p = 3/10 pro carovy dotyk.

Kombinované zatiZeni

Pti proménlivém zatiZeni zjiStujeme trvanlivost podobné jako u jednoduchého zatiZeni.
Rozdil je v zavedeni ekvivalentni sily Fey, ktera reprezentuje zatéznou silu F. Ekvivalentni
sila Feky se stanovuje podle vztahu:

Fory =X*FE. +Y *E,

zde X je soucinitel dynamického radidlniho zatizeni, F; je radidlni sila, Y je soucinitel
dynamického axialniho zatizeni a F, je axialni sila.

Soucinitelé X a Y jsou uvedeny v katalogu vyrobce lozisek.

Vztah pro trvanlivost lozisek pti kombinovaném zatizeni je tedy:

Ly

106 * L 10° (C)p
= = *
60 *xn 60*xn \F

ekv

zkratky jednotlivych veli¢in jiz byly uvedeny u piedchozich vztaht.

Piidavné sily v loZiskach s kosotuhlym stykem

U lozisek s kosouhlym stykem se zatizeni rozklada do axidlniho a radidlniho sméru. Axialni
sila F, se stanovi podle vztahu

E,
Fa_Z*Y

zde F, je radidlni sila plisobici na lozisko a Y je soucinitel dynamického axialniho zatizeni,
tento soucinitel je uveden v katalogu vyrobce loziska.
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Znéazornéni rozkladu sil je uvedeno na obr. 29

E&:\\‘-:.

RS S
\

f@%ﬁm

Obr. 29 Znazornéni pridavnych sil u loZiska s kosouhlym stykem [11]

Tepelné zatiZeni loZisek

Tepelné zatizeni lozisek je dilezité zjistovat, protoze vyrobce lozisek udéava provozni teplotu,
pii které loZisko spravné funguje. Zékladni stanoveni naristu teploty se urci ze ztratového
vykonu a soucinitele chlazeni. Pro urceni ztratového vykonu je potfeba vypocitat tfeci
moment. Tento moment se stanovi dle empirického vztahu

M=05*u*P=xd

kde M je tfeci moment, p je konstantni soucinitel tfeni, P je ekvivalentni dynamické zatizeni
loziska (P = 0,1C) a d je vnitini (maly) pramér loziska.

Konstantni soucinitel tfeni u nabyva hodnot od 0,0011 do 0,0050 podle druhu loziska a druhu
styku.

Z tteciho momentu nyni l1ze urcit ztratovy vykon Nr podle empirického vztahu
N, =1,05«10"**M xn
zde M je tfeci moment a n je pocet otacek za minutu.

Z tohoto vztahu lze vypocitat narast teploty AT, ktery se rovna ztratovému vykonu Ny
vydélenému soucinitelem chlazeni W, tedy:

AT =
Ws

Pti provozu dochazi k nartistu teploty, kterd se ustdli na provozni hodnotu vlivem odvodu
tepla.
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Program KISSsoft

Pro vypocet uloZeni vietena frézovaciho zatizeni je pouzit vypocetni program KISSsoft, tento
program je od firmy KISSsoft AG. Program KISSsoft slouzi pro vypocty ozubenych kol,
hrideli, lozisek, spojovacich elementt, fetézi a fement a dalSich inzenyrskych vypocta.

Zakladnim prvkem vypoctu hiidele a lozisek je graficky editor. Zde jsou definovany vnitini a
vngjsi geometrie hiidele, lozisek a zatizeni. Z téchto dat jsou pak provedeny vypocty a ty jsou
shrnuty do protokolu. Databaze programu obsahuje pfiblizné 15000 loZisek a uZivatel si tak
muze vybrat vhodna loziska.

Tento program umoznuje vypocéty ruznych druht lozisek, radidlnich a axidlnich zatizeni,
vypocet zivotnosti a statické inosnosti, kontrolu rychlostniho limitu i teplotniho naméhani.

3.1 Navrh uloZeni

V prvni fazi je potfeba v programu KISSsoft vymodelovat 3D model vietena. Toto se provede
v grafickém editoru. Vieteno je rota¢ni soucast. Modeluje se vkladdnim valcii rtznych
prumért a délek podle tvaru vietena. Protoze je vieteno duté, je dilezité vytvofit i jeho vnitini
tvar. Toto se opét provadi vkladanim valct nebo kuzell riznych priméri a délek. Na obr. 30
je vidét vymodelované vieteno v programu KISSsoft, pro dalsi postup.
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[ S £ -+ 75 - o o Outer contor
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92 14 20 P *» ) 02 3
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Obr. 30 Vreteno zarizeni v programu KISSsoft

Dalsim krokem je definovani zatizeni. Zde jsou vloZeny tii sily dle zatizeni. Plsobisté sil je
v misté nastroje a to je 70 mm pred vietenem. Kazda sila se rozklada do tii slozek, a to
radialni slozka, axialni slozka a te¢né slozka. V tabulce jsou uvedeny velikosti téchto sil.
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Radialni slozka Axialni slozka Tecna slozka
SILA 1 -4074 N 3056 N 5093 N
SILA 2 -4800 N 3600 N 5968 N
SILA 3 -1019 N 1273 N 764 N
Tab. 2 Tabulka zatéZovani vietene
Na obr. 31 je vidét zatizeni, Sipka pied vietenem ukazuje ptisobiste sil.
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Obr. 31 ZatizZeni vi‘etene zarizeni

Nyni je mozné umistit loziska. Je nutné je umistovat tak, aby byly zachyceny radidlni i
axialni sily v obou smérech.

31



Zapadodeska univerzita v Plzni, Fakulta strojni Bakalarska prace, akad. rok 2015/16

Katedra konstruovani stroji Jakub Slajs
1. Varianta

V této varianté jsou tii loziska. Prvni lozisko je jednotadé kuli€kové lozisko s kosouhlym
stykem umisténé tak, aby zachycovalo podle soufadnicového systému kladny smér sily, tedy
pravostranné. Oznaceni tohoto loziska je FAG B7018-E-2RSD-T-P4S (d=90mm, D=140mm,
B=24mm). Druhé lozisko je stejné. Lisi se umisténim tak, aby zachycovalo zaporny smér sily,
tedy levostranné. Tieti loZisko je jednofadé valeckové. Oznaceni tohoto loziska je SKF
NU1016 (d=80mm, D=125mm, B=22mm). Umisténi vSech tii lozisek je na obr. 32.
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Obr. 32 1. varianta uloZeni vietena

Nyni je mozné provést vypocet. Kompletni vypocet je uveden v piiloze této prace. Zde jsou
uvedeny dilezit¢é hodnoty. Prvni dilezitou hodnotou je minimalni Zivotnost lozisek. Prvni
lozisko mé zivotnost pouze 1962 hodin. Toto nesplituje zadéani, proto tato varianta ulozeni
nevyhovuje. Zajimavym vysledkem je diagram posunuti po délce vietena. Tento diagram je
zobrazen na obr. 33. Je zde vidét, Ze nejvetsi posunuti je na konci vietena. Hodnota tohoto

posunuti je 0,093 mm.
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Displacement [mm]
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Obr. 33 Diagram posunuti podél vietene 1. varianty

2. Varianta

Tato varianta je zaloZzena na dvou jednotadych kulickovych loziskach s kosouhlym stykem.
Stejn¢ jako v predchozi varianté jsou loziska natocena tak, aby zachycovala axialni sily
v obou smérech. Prvni lozisko je vétsi a je umisténo podobné jako kulickova loziska v 1.
varianté. Toto lozisko zachycuje dle soufadnicového systému kladné axidlni sily. Oznaceni
tohoto loziska je IBC 7218.E.UH (d=90mm, D=160mm, B=30mm). Druh¢ lozisko je mensi a
nahradilo valeckové lozisko z 1. varianty. Toto lozisko zachycuje axialni sily v zaporném
sméru. Oznaceni tohoto loziska je SKF 7216BECBP (d=80mm, D=140mm, B=26mm). Na
obr. 34 je znazornéno rozmisténi lozisek 2. varianty.
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Obr. 34 2. varianta uloZeni vietena

Nyni je opét mozné provést vypocet. Podrobné vysledky jsou uvedeny v piiloze. Na prvni
pohled je patrné, Ze prvni lozisko bude vice namahané. To potvrdily i vysledky. Zivotnost
prvniho loziska jiz spliiuje zaddni a hodnota je 9272 hodin. U této varianty doSlo i1 ke
zmenseni posunuti. Maximalni posunuti je u této varianty v pocatku soufadnicového systému.
Hodnota posunuti je 0,03 mm. Na obr. 35 je vidét diagram posunuti po délce vietena 2.
varianty.
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Obr. 35 Diagram posunuti podél vi‘etena 2. varianty
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3. Varianta

Tato varianta vychédzi z 2. varianty. Zde byla kulickova loZiska s kosouhlym stykem
nahrazena kuzelikovymi lozisky. Diivodem bylo zmenSeni posunuti pii zatizeni. Vyhodou
kuzelikovych lozisek je schopnost pfenést vétsi zatizeni pii stejnych nebo menSich
velikostech lozisek. Nevyhodou kuzelikovych lozisek je nutnost pfesnéjsiho vymezeni vili.
Prvni lozisko je umisténo tak, aby zachycovalo kladny smér axidlnich sil. Oznaceni tohoto
loziska je SKF 32018 X/Q (d=90mm, D=140mm, B=32mm). Druhé lozisko zachycuje
zaporny smér axidlnich sil. Oznaceni 2. lozZiska je SKF32016 XIQ (d=80mm, D=125mm,
B=29mm). Umisténi a orientace loZisek na vietenu pro tuto variantu je na obr. 36.
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Obr. 36 3. varianta uloZeni vietena

Nyni je opét proveden vypocet a vysledky jsou uvedeny v piiloze této prace. U této varianty
doslo k o¢ekdvanym vysledkim. Nejvice zatizené je opét prvni lozisko, ale zivotnost tohoto
loziska je 52741 hodin. Tato hodnota by se mohla zdat pfili§ vysoka. OvSem posunuti u této
varianty je jesté pfiblizné€ o polovinu mensi nez u 2. varianty. Nejvétsi posunuti je 0,017 mm.
Posunuti po celé délce vietena je znazornén na obr. 37.

35



Bakalarska prace, akad. rok 2015/16
Jakub Slajs

Zapadodeska univerzita v Plzni, Fakulta strojni

Katedra konstruovani stroju
Displacement [mm]
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Obr. 37 Diagram posunuti podél viretena 3. varianty

Vyhodnoceni uloZeni

Varianta Losiska Minimalni Maximalni
zivotnost [hod] posunuti [mm]
FAG B7018-E-
2RSD-T-P4S
1 FAG B7018-E- 1962 0,093
2RSD-T-P4S
SKF NU1016
IBC 7218.E.UH
2 9272 0,03
SKF 7216BECBP
SKF 32018 X/Q
3 52741 0,017
SKF32016 XIQ

Tab. 3 Vyhodnoceni uloZeni

Z tabulky 3 je nejvhodnéjsi 3. varianta. Tato varianta mnohondsobné pievysuje pozadovanou
zivotnost a mé& nejmensi posunuti. DalSi piednosti této varianty je nejmensi zastavbovy
prostor lozisek. Mirnou nevyhodou kuzelikovych lozisek je nutnost pfesného vymezeni vuli.
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3.2 Hodnoceni konstrukce
Diulezitym parametrem pro hodnoceni konstrukce je srovnani s dosavadnim feSenim. Pro
srovnani byly vybrany konstrukéni varianty firmy Henninger prézisionstechnik. Na obrazku

v 7w

38 je vidét konstrukeni feseni od této firmy.

Obr. 38 Konstrukéni FeSeni frézovaciho zarizeni firmy Henninger [12]

Ve srovnani s konstruk¢nim feSenim v této praci je fada vyhod a nevyhod. Vyhodou
navrhnutého frézovaciho zatizeni je pouziti kuzelu ISO 50, které zajiStuje velké mnozstvi
pouziti riznych nastroji. Dalsi vyhodou je upnuti na pinolu stroje a tim zadsadné mensi tepelné
zatizeni celého frézovaciho zafizeni. U tohoto feSeni je mozna automaticka vyména nastroje.
U zafizeni firmy Henninger je nutné pro vyménu ndstroje vymenit celé frézovaci zatizeni.
Nevyhodou frézovaci zatizeni navrzeného v této praci je upinani na stroj z diivodu znaéné

A4

vys$8i hmotnosti.

4. 7.avér

Tématem bakalaiské prace byl navrh rychlobézného frézovaciho zatfizeni. Zprvu bylo treba
zpracovat reSerSi pro znazornéni problematiky frézovacich zafizeni. Pro néavrh bylo
vychézeno z vykresu vreteno frez.dwg a parametrii uvedenych v ptiloze zadani. Déle bylo
navrzeno pero pro prenos tofivého momentu a navrzeny 3 varianty ulozeni vietena. Tyto
varianty byly vypocitany programem KISSsoft. Na zéklad¢ vysledkti byla vybrana varianta
ulozeni na dvou kuzelikovych loziskach. Vysledky vypocti ulozeni jednotlivych variant jsou
uvedeny v piiloze této prace. Dale bylo frézovaci zatizeni modelovano v programu Autodesk
Inventor Professional 2015 — studentskd verze. Na zakladé modelu byl vytvotfen vykres
sestavy a vykres vietena zafizeni. Oba vykresy jsou v piiloze této prace.
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KISSsoft Release 03/2014 G

KISSsoft academic license for Uni Pilsen
File

Name : ul_vret_frez_speeder
Changed by: slajs on: 10.05.2016 at: 13:29:26

Important hint: At least one warning has occurred during the calculation:
1-> Bearing 'Roller bearing_1": No contact of the ring with the shaft/housing, the influence of press fit is neglected. (D = 140.000 mm, Di =
140.014 mm)

2-> Bearing 'Roller bearing_2": No contact of the ring with the shaft/housing, the influence of press fit is neglected. (D = 140.000 mm, Di =
140.014 mm)

3-> The required service life of bearing 'Shaft 'Shaft 1', Rolling bearing 'Roller bearing_1" is not achieved!
4-> Shaft 'Shaft 1', Rolling bearing 'Roller bearing_2":

The axial force is significantly bigger than the radial force!

It is better to use an axial bearing.

5-> 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) 455.000
Speed (1/min) 1500.00

Sense of rotation: clockwise

Material C45 (1)
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) 13.417
Mass moment of inertia (kg*m?) 0.020
Momentum of mass GD2 (Nm?) 0.792
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 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 50.000mm
Diameter (mm) [d] 128.0000
Length (mm) [ 50.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 50.000mm ... 110.000mm
Diameter (mm) [d] 90.0000
Length (mm) [ 60.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Cylinder (Cylinder) 110.000mm ... 385.000mm
Diameter (mm) [d] 80.0000
Length (mm) [ 275.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Cylinder (Cylinder) 385.000mm ...  455.000mm
Diameter (mm) [d] 53.0000
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Length (mm) [1 70.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Inner contour
Cone inside (Conical bore) 0.000mm ... 92.000mm
Diameter left (mm) [di] 69.0000
Diameter right (mm) [dy] 43.0000
Length (mm) [1 92.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 92.000mm ... 106.000mm
Diameter left (mm) [d)] 43.0000
Diameter right (mm) [dr] 56.0000
Length (mm) [ 14.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 106.000mm ... 116.000mm
Diameter (mm) [d] 56.0000
Length (mm) [ 10.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 116.000mm ...  136.000mm
Diameter (mm) [d] 49.0000
Length (mm) [ 20.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 136.000mm ...  163.000mm
Diameter left (mm) [d] 49.0000
Diameter right (mm) [dy] 40.0000
Length (mm) [1 27.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 163.000mm ... 199.000mm
Diameter (mm) [d] 40.0000
Length (mm) [1 36.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 199.000mm ... 340.000mm
Diameter (mm) [d] 52.0000
Length (mm) [1 141.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 340.000mm ...  442.000mm
Diameter (mm) [d] 42.0000
Length (mm) [1 102.0000
Surface roughness (um) [Rz] 8.0000
Forces
Eccentric force (Eccentric load 1) y=-70.000mm
Center point of load application, X-coordinate (mm) 25.0000
Center point of load application, Z -coordinate (mm) 0.0000
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Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

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

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 -20.00 -127.33
2 50.0000 4000.5 -0.00 -0.00
3 20.0000 6000.0 -0.00 -0.00

Eccentric force (Eccentric load 2)

-4074.0000 /

KISSsoFT
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0.0000

20.0002

-127.3250
3056.0000 / 0.0000 /
-0.0000 /
5093.0000 / 0.0000 /
0.0000/ 0.0000 /
76.4000/ 0.0000 /

100.0
0.0
0.0

y=-70.000mm

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

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

Bending moment C (Load spectrum) (Nm)
Bending moment H (Load spectrum) (Nm)

Load spectrum, driving (output)

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 -0.00 -0.00
2 50.0000 4000.5 -20.00 -47.74
3 20.0000 6000.0 -0.00 -0.00

Coupling (Coupling )

8.0000
0.0000
0.0000
7.4996
-47.7440
0.0000/ 3600.0000 /
-0.0000/ -4800.0000 /
0.0000/ 5968.0000 /
0.0000/ 0.0000 /
0.0000/ 28.8000 /

0.0
100.0
0.0

y=443.000mm

Effective diameter (mm)

Radial force factor (-)

Direction of the radial force (°)

Axial force factor (-)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)
Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Mass (kg)

Load spectrum, driven (input)

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 20.0 127.3
2 50.0000 4000.5 20.0 47.7
3 20.0000 6000.0 20.0 31.8

Eccentric force (Eccentric load 3)

0.0000
0.0000
0.0000
0.0000
20.0000
20.0000
127.3240
0.0000/ 0.0000 /
0.0000/ 0.0000 /
0.0000/ 0.0000 /
0.0000

y=-70.000mm

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

Power (kW)
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25.0000
0.0000
0.0000
4.9991

0.0000
-0.0000
0.0000
0.0000
0.0000

0.0000
-0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000



Torque (Nm) -31.8250

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

Load spectrum, driving (output)

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 -0.00 -0.00 0.0
2 50.0000 4000.5 -0.00 -0.00 0.0
3 20.0000 6000.0 -20.00 -31.82 100.0
Bearing

KISSsoFT

o T A s S
0.0000 / 764.0000
-0.0000 / -1019.0000
0.0000 / 1273.0000
0.0000 / 0.0000
0.0000 / 19.1000

Angular contact ball bearing (single row) FAG B7018-E-2RSD-T-P4S (Roller bearing 1) 66.000mm

Set fixed bearing right

d= 90.000 (mm), D= 140.000 (mm), b = 24.000 (mm), r= 0.000 (mm)

C = 72.000 (kN), CO = 68.000 (kN), Cu=4.650 (kN)

Ctheo = 72.817 (kN), COtheo = 67.159 (kN)

Calculation with approximate bearings internal geometry (*)

Z =18, Dpw = 115.000 (mm), Dw = 16.210 (mm)

di= 98.722 (mm), do = 131.278 (mm), ri= 8.429 (mm), ro= 8.591 (mm)

Tolerance field Mean value
Tolerance DIN 620:1988 PN
Tolerance shaft k6, 90.014 mm (min = 90.003 mm , max = 90.025 mm)
Tolerance hub J6, 140.005 mm (min = 139.993 mm , max = 140.018 mm)
Change of diametral clearance due to: n = 0 (1/min)
Interference fit -14.86 pm
Temperature 0.00 um
Total bearing clearance change -14.95 ym, ni = 1500 (1/min), no =0 (1/min)
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  39.0000

Angular contact ball bearing (single row) FAG B7018-E-2RSD-T-P4S (Roller bearing 2) 95.000mm

Set fixed bearing left

d= 90.000 (mm), D= 140.000 (mm), b = 24.000 (mm), r= 0.000 (mm)

C = 72.000 (kN), CO = 68.000 (kN), Cu= 4.650 (kN)

Ctheo = 72.817 (kN), COtheo = 67.159 (kN)

Calculation with approximate bearings internal geometry (*)
Z=18,Dpw=115.000 (mm), Dw = 16.210 (mm)

di= 98.722 (mm), do = 131.278 (mm), ri= 8.429 (mm), ro= 8.591 (mm)

Tolerance field Mean value
Tolerance DIN 620:1988 PN
Tolerance shaft k6, 90.014 mm (min = 90.003 mm , max = 90.025 mm)
Tolerance hub J6, 140.005 mm (min = 139.993 mm , max = 140.018 mm)
Change of diametral clearance due to: n = 0 (1/min)
Interference fit -15.12 pym
Temperature 0.00 um
Total bearing clearance change -15.20 ym, ni = 1500 (1/min), no =0 (1/min)
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm) 122.0000
Cylindrical roller bearing (single row) SKF NU 1016 (Roller bearing 3) 260.000mm

Free bearing
d= 80.000 (mm), D = 125.000 (mm), b = 22.000 (mm), r=1.100 (mm)
C = 66.000 (kN), CO= 81.500 (kN), Cu=10.400 (kN)
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Ctheo = 65.976 (kN), COtheo = 81.491 (kN)
Calculation with approximate bearings internal geometry (*)
Z =15, Dpw = 99.138 (mm), Dw = 10.491 (mm)
Lwe = 13.162 (mm)
di= 88.618 (mm), do = 109.658 (mm)
Pd = 0.058 (mm)
Bearing clearance DIN 620:1988 CO (57.50 pm)

Maximum deflection 0.093 (Shaft 1 pos= 455.000)

Mass center of gravity
Shaft 1 (mm) 204.434

Total axial load
Shaft 1 (N) 7420.000

Torsion under torque

Shaft 1 (°) 0.020
Probability of failure [n] 10.00 %
Axial clearance [ual 10.00 pum

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_1'

Position (Y-coordinate) [yl 66.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lhnl 1962.49 h
static safety factor [Sol 6.13
Reference rating service life [Lnrh] 2066.19 h

Modified reference rating service life[L,rmp]> 1000000 h

Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm) Mz (Nm)

1 5.616 -5.664 -7.686 206.578 -0.000 150.705
2 6.817 -6.518 -8.743 234.649 -0.000 182.849
3 2.006 -2.501 -2.835 76.557 -0.000 54.098

Displacement of bearing Misalignment of bearing

ux (um) uy (Mm) uz (um) ux (mrad) uy (mrad) uz (mrad)
1 -12.5598 -4.7525 16.7350 -0.332 0.008 -0.232
2 -15.1914 -6.3144 19.2278 -0.363 0.003 -0.277
3 -2.9920 1.0511 3.9483 -0.159 0.002 -0.105

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_2'

Position (Y-coordinate) [yl 95.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnnl 106018.76  h
static safety factor [Sol 37.12
Reference rating service life [Lnrh] 125393.12 h

Modified reference rating service life[L,rmn]> 1000000 h
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Bearing reaction force

Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 0.172 2.608 0.254 11.454 -0.000
2 0.321 2.918 -0.140 2.071 -0.000
3 -0.916 1.737 1.586 42.959 -0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) ux (mrad) uy (mrad)
1 -6.1944 -4.6734 7.6611 -0.311 0.016
2 -7.6221 -6.2258 9.3336 -0.337 0.006
3 -0.0702 1.1038 -0.4639 -0.155 0.004
Shaft 'Shaft 1' Rolling bearing 'Roller bearing_3'
Position (Y-coordinate) [yl 260.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnhl 99271.51 h
static safety factor [Sol 21.22
Reference rating service life [Lnrh] 115740.37 h

Modified reference rating service life[Lnrmn]> 1000000 h

Bearing reaction force

Fx (kN) Fy (kN)
1 1.714 0.000
2 -2.338 0.000
3 -0.071 -0.000

Displacement of bearing

ux (um) uy (um)
1 21.9464 -4.6734
2 24.3976 -6.2258
3 16.5410 1.1038

Bearing reaction moment

Fz (kN) Mx (Nm) My (Nm)
2.471 0.971 -0.000
3.046 1.164 -0.000
0.107 0.050 -0.000

Misalignment of bearing

uz (um) ux (mrad) uy (mrad)
-32.8441 -0.226 0.089
-33.0127 -0.233 0.034
-25.9704 -0.155 0.022

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

The internal geometry of these bearings has not been input in the database.
The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.
In some situations, this may result in significant variations in roller bearing stiffness.
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Mz (Nm)
-1.236
-4.094
24.929

uz (mrad)
-0.217
-0.258
-0.103

Mz (Nm)
0.687
0.902
0.033

uz (mrad)
-0.156
-0.175
-0.100



Displacement [mm]
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Figure: Displacement (bending etc.) (Arbitrary plane 304.2480958 °)
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GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)*1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)*2 + 4*(tauT+tauS)"2)"/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

Material C45 (1)

Material type Through hardened steel
Material treatment unalloyed, through 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 110.00 Shoulder

B-B 50.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.32 0.92 0.84 7.95 19.88
B-B 2.77 0.92 0.83 6.24 22.23
Required safeties: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing
Length (mm) [ 455.00
Speed (1/min) [n] 1500.00
Material C45 (1)
Material type Through hardened steel
Material treatment unalloyed, through 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] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 130.00

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

Material strength calculated from size of raw material

Geometric size factor K1d calculated from raw material diameter

[sigBeff] (N/mm?) 534.41
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[sigSeff] (N/mm?) 338.42
[sigbF] (N/mm?) 406.11
[tautF] (N/mm?) 234.47
[sigBRand] (N/mm?) 628.00
[sigzdW] (N/mm?) 213.76
[sigbW] (N/mm?) 267.21
[tautW] (N/mm?) 160.32

Service strength for a load spectrum

Woehler line (S-N curve) according Miner elementary
Required life time [h] 4000.00
Number of load cycles (Mio) [NL] 360.000
Data of Woehler line (S-N curve) analog to FKM standard:
[ksigma, ktau] 5 8
[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 110.00
External diameter (mm) [da] 80.000
Inner diameter (mm) [di] 56.000
Notch effect Shoulder

[D, r, t] (mm) 90.000 1.000 0.000

Mean roughness (um) [Rz] 8.000

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

Mean value 0.0 0.0 63.7 0.0
Amplitude 0.0 443.2 63.7 2947.8
Maximum value 0.0 753.4 216.5 5011.3
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 2563.5 38196.7  76393.5 2563.5

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

Element Frequency Tenssion/Compression  Bending Torsion Shearing
(%) (N) (Nm) (Nm) (N)
1 30.00 0.000  443.196 127.324 2947.849
2 50.00 0.000 568.713 47.746 3782.710
3 20.00 -0.000 11.818 31.831 79.038

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.833 0.000
[sigzda, sigba, taua, tauga] (N/mm?2) 0.000 11.603 0.833 2.254
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) 0.000 19.725 2.833 3.831
Technological size influence [K1(sigB)] 0.763

[K1(sigS)] 0.691
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Tension/Compression Bending Torsion

Stress concentration factor [alfa] 3.152 2.897 1.907
References stress slope [G1 2.510 2.510 1.150
Notch sensitivity factor n [n] 1.248 1.248 1.168
Notch effect coefficient [beta] 2.526 2.322 1.633
Geometrical size influence [K2(d)] 1.000 0.842 0.842
Influence coefficient surface roughness

[KF] 0.915 0.915 0.951
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient K] 2.618 2.850 1.991
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 1.443
Equivalent mean stress (N/mm?) [taumV] 0.833
Fatigue limit of part (N/mm?) [sigWK] 81.645 93.758 80.525
Influence coefficient of mean stress sensitivity.

[PsisigK] 0.083 0.096 0.081
Permissible amplitude (N/mm?) [sigADK] 0.269 92.649 74.459
Permissible amplitude (N/mm?) [sigANK] 0.269 92.649 74.459
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 7.953
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 662.8
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.000
Increase coefficient [gammaF] 1.150 1.100 1.000
Yield stress of part (N/mm?) [sigFK] 389.187 409.492 195.389
Margin of safety yield stress [S] 19.879
Required safety [Smin] 1.200
Result (%) [S/Smin] 1656.6
Cross section 'B-B' Shoulder
Comment
Position (Y-Coordinate) (mm) [yl 50.00
External diameter (mm) [da] 90.000
Inner diameter (mm) [di] 54.870
Notch effect Shoulder
[D, r, t] (mm) 128.000 1.000 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]
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Tension/Compression Bending Torsion Shearing

-1528.0 0.0 63.7 0.0
1528.0 736.6 63.7 6494.5
-5195.2 1252.2 216.5  11040.7
3997.2 61682.0 123364.0 3997.2



Load spectrum, load base values (Mean-value + Amplitude):
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Element Frequency Tenssion/Compression  Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 30.00 -3056.000  736.570 127.324  6494.533

2 50.00 -3600.000  900.555 47.746 7631.402

3 20.00 -764.000 183.582 31.831 1603.292
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.382 0.000 0.516 0.000
[sigzda, sigba, taua, tauga] (N/mm?2) 0.382 11.941 0.516 3.129
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -1.300 20.300 1.755 5.320
Technological size influence [K1(sigB)] 0.763

[K1(sigS)] 0.691

Stress concentration factor [alfa]
References stress slope [G1
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 coefficient of mean stress sensitivity.
[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Permissible amplitude (N/mm?) [sigANK]
Load spectrum factor [fKoll]

Safety against fatigue [S]

Required safety against fatigue [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]

Remarks:

Tension/Compression Bending Torsion

3.963
2.418
1.243
3.187
1.000

0.915

1.000
3.280

65.178

0.065
57.312
57.312

1.000

1.000
1.150
389.187

3.445 2.268
2.418 1.150
1.243 1.168
2.770 1.942
0.834 0.834
0.915 0.951
1.000 1.000
3.414 2.379
0.808
0.466
78.273 67.382
0.079 0.067
77.856 63.519
77.856 63.519
1.000 1.000
6.240
1.200
520.0
1.100 1.000
1.150 1.000
428.106 195.389
22.230
1.200
1852.5

- 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: 594
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KISSsoft Release 03/2014 G

KISSsoft academic license for Uni Pilsen
File

Name : ul_vret_frez_speeder_1
Changed by: slajs on: 10.05.2016 at: 13:31:39

Important hint: At least one warning has occurred during the calculation:
1-> Bearing 'Roller bearing_1": No contact of the ring with the shaft/housing, the influence of press fit is neglected. (D = 160.000 mm, Di =
160.018 mm)

2-> 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) 455.000
Speed (1/min) 1500.00

Sense of rotation: clockwise

Material C45 (1)

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) 13.417
Mass moment of inertia (kg*m?) 0.020
Momentum of mass GD2 (Nm?) 0.792
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 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 50.000mm
Diameter (mm) [d] 128.0000
Length (mm) [ 50.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 50.000mm ... 110.000mm
Diameter (mm) [d] 90.0000
Length (mm) [ 60.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 110.000mm ... 385.000mm
Diameter (mm) [d] 80.0000
Length (mm) [ 275.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Cylinder (Cylinder) 385.000mm ...  455.000mm
Diameter (mm) [d] 53.0000
Length (mm) [ 70.0000
Surface roughness (um) [Rz] 8.0000
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Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Inner contour
Cone inside (Conical bore) 0.000mm ... 92.000mm
Diameter left (mm) [di] 69.0000
Diameter right (mm) [dy] 43.0000
Length (mm) [1 92.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 92.000mm ... 106.000mm
Diameter left (mm) [d)] 43.0000
Diameter right (mm) [dr] 56.0000
Length (mm) [ 14.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 106.000mm ... 116.000mm
Diameter (mm) [d] 56.0000
Length (mm) [ 10.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 116.000mm ... 136.000mm
Diameter (mm) [d] 49.0000
Length (mm) [ 20.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 136.000mm ...  163.000mm
Diameter left (mm) [d] 49.0000
Diameter right (mm) [dy] 40.0000
Length (mm) [1 27.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 163.000mm ... 199.000mm
Diameter (mm) [d] 40.0000
Length (mm) [1 36.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 199.000mm ... 340.000mm
Diameter (mm) [d] 52.0000
Length (mm) [1 141.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 340.000mm ...  442.000mm
Diameter (mm) [d] 42.0000
Length (mm) [1 102.0000
Surface roughness (um) [Rz] 8.0000
Forces
Eccentric force (Eccentric load 1) y=-70.000mm
Center point of load application, X-coordinate (mm) 25.0000
Center point of load application, Z -coordinate (mm) 0.0000
Length of load application (mm) 0.0000
Power (kW) 20.0002
Torque (Nm) -127.3250
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Axial force (load spectrum) (N) 3056.0000 / 0.0000/ 0.0000
Shearing force X (load spectrum) (N) -4074.0000 / -0.0000 / -0.0000
Shearing force Z (Load spectrum) (N) 5093.0000 / 0.0000/ 0.0000
Bending moment C (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000
Bending moment H (Load spectrum) (Nm) 76.4000 / 0.0000/ 0.0000
Load spectrum, driving (output)
Element Frequency (%) (UpM) (kW) (Nm)
1 30.0000 1500.0 -20.00 -127.33 100.0
2 50.0000 4000.5 -0.00 -0.00 0.0
3 20.0000 6000.0 -0.00 -0.00 0.0
Eccentric force (Eccentric load 2) y=-70.000mm
Center point of load application, X-coordinate (mm) 8.0000
Center point of load application, Z -coordinate (mm) 0.0000
Length of load application (mm) 0.0000
Power (kW) 7.4996
Torque (Nm) -47.7440
Axial force (load spectrum) (N) 0.0000/ 3600.0000 / 0.0000
Shearing force X (load spectrum) (N) -0.0000 / -4800.0000 / -0.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 5968.0000 / 0.0000
Bending moment C (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000
Bending moment H (Load spectrum) (Nm) 0.0000/ 28.8000 / 0.0000
Load spectrum, driving (output)
Element Frequency (%) (UpM) (kW) (Nm)
1 30.0000 1500.0 -0.00 -0.00 0.0
2 50.0000 4000.5 -20.00 -47.74 100.0
3 20.0000 6000.0 -0.00 -0.00 0.0
Coupling (Coupling ) y=443.000mm
Effective diameter (mm) 0.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
Length of load application (mm) 20.0000
Power (kW) 20.0000
Torque (Nm) 127.3240
Axial force (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Mass (kg) 0.0000
Load spectrum, driven (input)
Element Frequency (%) (UpM) (kW) (Nm)
1 30.0000 1500.0 20.0 127.3
2 50.0000 4000.5 20.0 47.7
3 20.0000 6000.0 20.0 31.8
Eccentric force (Eccentric load 3) y=-70.000mm
Center point of load application, X-coordinate (mm) 25.0000
Center point of load application, Z -coordinate (mm) 0.0000
Length of load application (mm) 0.0000
Power (kW) 4.9991
Torque (Nm) -31.8250
Axial force (load spectrum) (N) 0.0000/ 0.0000/ 764.0000
Shearing force X (load spectrum) (N) -0.0000 / -0.0000 / -1019.0000
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Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/ 1273.0000
Bending moment C (Load spectrum) (Nm) 0.0000/ 0.0000/ 0.0000
Bending moment H (Load spectrum) (Nm) 0.0000/ 0.0000/ 19.1000

Load spectrum, driving (output)

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 -0.00 -0.00 0.0
2 50.0000 4000.5 -0.00 -0.00 0.0
3 20.0000 6000.0 -20.00 -31.82 100.0
Bearing
Angular contact ball bearing (single row) IBC 7218.E.UH (Roller bearing_1) 67.000mm

Set fixed bearing right

d= 90.000 (mm), D= 160.000 (mm), b = 30.000 (mm), r=1.000 (mm)
C = 118.000 (kN), CO= 101.000 (kN), Cu= 3741.000 (kN)

Ctheo = 116.903 (kN), COtheo = 99.901 (kN)

Calcualtion with bearing internal geometry from database (*)

Z =15, Dpw = 125.000 (mm), Dw = 22.225 (mm)

Pa= 0.029 (mm)

Tolerance field Mean value

Tolerance DIN 620:1988 PN

Tolerance shaft k6, 90.014 mm (min = 90.003 mm , max = 90.025 mm)
Tolerance hub J6, 160.005 mm (min = 159.993 mm , max = 160.018 mm)
Change of diametral clearance due to: n = 0 (1/min)

Interference fit -13.93 um

Temperature 0.00 ym

Total bearing clearance change -14.03 pm, ni = 1500 (1/min), no =0 (1/min)

The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  38.0000

Angular contact ball bearing (single row) SKF 7216BECBP (Roller bearing 3) 260.000mm
Set fixed bearing left
d= 80.000 (mm), D= 140.000 (mm), b = 26.000 (mm), r= 2.000 (mm)
C = 80.600 (kN), CO = 69.500 (kN), Cu = 2.800 (kN)
Ctheo = 81.688 (kN), COtheo = 68.480 (kN)
Calculation with approximate bearings internal geometry (*)
Z =15, Dpw = 110.000 (mm), Dw = 19.630 (mm)
di= 90.140 (mm), do = 129.860 (mm), ri= 10.208 (mm), ro = 10.404 (mm)
The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm)  306.0000

Maximum deflection 0.030 (Shaft 1 pos= 0.000)

Mass center of gravity
Shaft 1 (mm) 204.434

Total axial load
Shaft 1 (N) 7420.000

Torsion under torque
Shaft 1 (°) 0.020

5/13



Probability of failure [n]
[ual

Axial clearance

10.00 %
10.00 pum

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_1'

Position (Y-coordinate) [yl 67.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnnl 9272.07 h
static safety factor [Sol 9.55
Reference rating service life [Lnrh] 10555.34  h

Modified reference rating service life[L,rmp]> 1000000 h

Bearing reaction force

Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 5.410 -6.431 -7.047 211.594 -0.000
2 6.598 -7.370 -8.268 249.007 -0.000
3 1.354 -4.228 -1.711 50.949 -0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (Mm) uz (um) ux (mrad) uy (mrad)
1 -8.4798 -12.3932 10.5220 -0.175 0.008
2 -10.2673 -12.1412 12.6526 -0.209 0.003
3 -2.0019 -14.3374 2.3596 -0.043 0.002
Shaft 'Shaft 1' Rolling bearing 'Roller bearing_3'
Position (Y-coordinate) [yl 260.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lhnl 98452.25 h
static safety factor [Sol 22.98
Reference rating service life [Lnrh] 13147562 h

Modified reference rating service life[L,rmn]> 1000000 h

Bearing reaction force

Fx (kN) Fy (kN)

1 -1.336 3.375

2 -1.798 3.770

3 -0.335 3.464
Displacement of bearing
ux (pm) uy (um)

1 4.2066 -11.4640

2 6.2812 -11.1032

3 0.9415 -13.3835

Bearing reaction moment

Fz (kN) Mx (Nm) My (Nm)
2.086 96.587 -0.000
2.431 112.371 -0.000
0.570 26.474 -0.000
Misalignment of bearing
uz (um) ux (mrad) uy (mrad)
-7.0444 -0.041 0.089
-8.6673 -0.052 0.034
-1.7537 -0.009 0.022

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

The internal geometry of these bearings has not been input in the database.
The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.
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Mz (Nm)
162.062
198.539

40.219

uz (mrad)
-0.121
-0.161
-0.029

Mz (Nm)
61.924
83.159
15.598

uz (mrad)
-0.033
-0.042
-0.007

In some situations, this may result in significant variations in roller bearing stiffness.
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GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)*1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)*2 + 4*(tauT+tauS)"2)"/2

Figure: Equivalent stress

7113



KISSsoFT

ey pregrams far mechive design

Strength calculation as specified in
DIN 743:2012

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

Summary

Label Shaft 1

Material C45 (1)

Material type Through hardened steel
Material treatment unalloyed, through 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 110.00 Shoulder

B-B 372.00 Smooth shaft

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.32 0.92 0.84 6.90 16.84
B-B 1.00 0.92 0.84 129.64 83.85
Required safeties: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing

Length (mm)

Speed (1/min)

Material C45 (1)

T oo T 200~ -~ 300

i 455.00
In] 1500.00

Material type Through hardened steel
Material treatment unalloyed, through 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(d)
Material strength calculated from size of raw material

Tension/Compression Bending Torsion Shearing

1.700 1.700 1.700 1.700
1.000 1.000 1.000 1.000
[dB] 16.00
[sigB] 700.00
[sigS] 490.00
280.00
350.00
210.00
[dWerkst] 130.00

Geometric size factor K1d calculated from raw material diameter

[sigBeff] (N/mm?)
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[sigSeff] (N/mm?)
[sigbF] (N/mm?)
[tautF] (N/mm?)
[sigBRand] (N/mm?)

[sigzdW] (N/mm?)
[sigbW] (N/mm?)
[tautW] (N/mm?)

Service strength for a load spectrum
Woehler line (S-N curve) according
Required life time

Number of load cycles (Mio)

KISSsoFT
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Miner elementary

Data of Woehler line (S-N curve) analog to FKM standard:

[ksigma, ktau]
[kDsigma, kDtau]
[NDsigma, NDtau]

[NDsigmall, NDtaull]
[DM]

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

Stress: (N) (Nm)

90.000

338.42
406.11
234.47
628.00
213.76
267.21
160.32
[h] 4000.00
[NL] 360.000
5 8
0 0
1e+006 1e+006
0 0
0.3
Iyl 110.00
[da] 80.000
[di] 56.000
1.000  0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

Mean value 1687.3 0.0 63.7 0.0
Amplitude 1687.3 476.9 63.7 2415.7
Maximum value 5736.8 810.7 216.5 4106.7
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 2563.5 38196.7  76393.5 2563.5
Load spectrum, load base values (Mean-value + Amplitude):
Element Frequency Tenssion/Compression  Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 30.00 3374.606  476.901 127.324  2415.699

2 50.00 3769.614  584.505 47.746  2965.929

3 20.00 3463.936 120.426 31.831 599.452
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.658 0.000 0.833 0.000
[sigzda, sigba, taua, tauga] (N/mm?2) 0.658 12.485 0.833 1.847
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) 2.238 21.225 2.833 3.139
Technological size influence [K1(sigB)] 0.763

[K1(sigS)] 0.691
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Stress concentration factor [alfa]
References stress slope [G1
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 coefficient of mean stress sensitivity.
[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Permissible amplitude (N/mm?) [sigANK]
Load spectrum factor [fKoll]
Safety against fatigue [S]
Required safety against fatigue [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]

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

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

KISSsoFT

ey pregrams far mechive design

Tension/Compression Bending Torsion

3.152 2.897 1.907
2.510 2.510 1.150
1.248 1.248 1.168
2.526 2.322 1.633
1.000 0.842 0.842
0.915 0.915 0.951
1.000 1.000 1.000
2.618 2.850 1.991

1.586

0.916

81.645 93.758 80.525

0.083 0.096 0.081
68.075 92.626 73.907
68.075 92.626 73.907

1.000  1.000 1.000
6.901
1.200
575.1
1.000 1.100 1.000
1.150 1.100 1.000
389.187  409.492  195.389
16.840
1.200
1403.4
[v] 372.00
[da] 80.000
[di] 42.000
[RZ] 8.000

Tension/Compression Bending Torsion Shearing

-0.0 0.0 63.7 0.0
0.0 0.3 63.7 10.5
-0.0 0.6 216.5 17.9

3641.1 46446.9 92893.7 3641.1

Load spectrum, load base values (Mean-value + Amplitude):
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Element Frequency Tenssion/Compression  Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 30.00 -0.000 0.340 127.324 10.549

2 50.00 0.000 0.340 47.746 10.549

3 20.00 0.000 0.340 31.831 10.549
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.685 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.007 0.685 0.005
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -0.000 0.012 2.330 0.009
Technological size influence [K1(sigB)] 0.763

[K1(sigS)] 0.691

Notch effect coefficient
Geometrical size influence
Influence coefficient surface roughness

Influence coefficient surface strengthening

Total influence coefficient

[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?)

[sigmV]
[taumV]

[sigWK]

Influence coefficient of mean stress sensitivity.

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

Safety against fatigue
Required safety against fatigue
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 (%)

Remarks:

[PsisigK]
[sigADK]
[sigANK]
[fKoll]

[S]
[Smin]
[S/Smin]

[K2F]
[gammaF]
[sigFK]

[S]

[Smin]
[S/Smin]

Tension/Compression Bending Torsion

1.000
1.000

0.915

1.000
1.093

195.636

0.224
0.285
0.285
1.000

1.000
1.000
338.423

1.000
0.842

0.915

1.000
1.280

1.187
0.685

208.696

0.243
2.283
2.283
1.000
129.638
1.200
10803.2

1.100
1.000
372.266
83.854
1.200
6987.9

- 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..

12/13

1.000
0.842

0.951

1.000
1.239

129.402

0.138
97.694
97.694
1.000

1.000
1.000
195.389



KISSsoFT

Ealrutation progranms for mechine design

End of Report lines: 546

13/13



PRILOHA ¢&.3

Vypocet uloZeni 3. varianty



KISSsoFT

ey pregrams far mechive design

KISSsoft Release 03/2014 G

KISSsoft academic license for Uni Pilsen
File

Name : ul_vret_frez_speeder_2a
Changed by: slajs on: 10.05.2016 at: 13:32:59

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) 455.000
Speed (1/min) 1500.00

Sense of rotation: clockwise

Material C45 (1)

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) 13.417
Mass moment of inertia (kg*m?) 0.020
Momentum of mass GD2 (Nm?) 0.792
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 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 50.000mm
Diameter (mm) [d] 128.0000
Length (mm) [ 50.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 50.000mm ... 110.000mm
Diameter (mm) [d] 90.0000
Length (mm) [ 60.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Cylinder (Cylinder) 110.000mm ... 385.000mm
Diameter (mm) [d] 80.0000
Length (mm) [ 275.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Cylinder (Cylinder) 385.000mm ...  455.000mm
Diameter (mm) [d] 53.0000
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Length (mm) [1 70.0000
Surface roughness (um) [Rz] 8.0000
Radius left (Radius left)
r=1.00 (mm), Rz=8.0
Inner contour
Cone inside (Conical bore) 0.000mm ... 92.000mm
Diameter left (mm) [di] 69.0000
Diameter right (mm) [dy] 43.0000
Length (mm) [1 92.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 92.000mm ... 106.000mm
Diameter left (mm) [d)] 43.0000
Diameter right (mm) [dr] 56.0000
Length (mm) [ 14.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 106.000mm ... 116.000mm
Diameter (mm) [d] 56.0000
Length (mm) [ 10.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 116.000mm ...  136.000mm
Diameter (mm) [d] 49.0000
Length (mm) [ 20.0000
Surface roughness (um) [Rz] 8.0000
Cone inside (Conical bore) 136.000mm ...  163.000mm
Diameter left (mm) [d] 49.0000
Diameter right (mm) [dy] 40.0000
Length (mm) [1 27.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 163.000mm ... 199.000mm
Diameter (mm) [d] 40.0000
Length (mm) [1 36.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 199.000mm ... 340.000mm
Diameter (mm) [d] 52.0000
Length (mm) [1 141.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 340.000mm ...  442.000mm
Diameter (mm) [d] 42.0000
Length (mm) [1 102.0000
Surface roughness (um) [Rz] 8.0000
Forces
Eccentric force (Eccentric load 1) y=-70.000mm
Center point of load application, X-coordinate (mm) 25.0000
Center point of load application, Z -coordinate (mm) 0.0000
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Length of load application (mm)

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

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

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 -20.00 -127.33
2 50.0000 4000.5 -0.00 -0.00
3 20.0000 6000.0 -0.00 -0.00

Eccentric force (Eccentric load 2)

-4074.0000 /

KISSsoFT

ey pregrams far mechive design

0.0000

20.0002

-127.3250
3056.0000 / 0.0000 /
-0.0000 /
5093.0000 / 0.0000 /
0.0000/ 0.0000 /
76.4000/ 0.0000 /

100.0
0.0
0.0

y=-70.000mm

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

Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)

Shearing force X (load spectrum) (N)

Shearing force Z (Load spectrum) (N)

Bending moment C (Load spectrum) (Nm)
Bending moment H (Load spectrum) (Nm)

Load spectrum, driving (output)

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 -0.00 -0.00
2 50.0000 4000.5 -20.00 -47.74
3 20.0000 6000.0 -0.00 -0.00

Coupling (Coupling )

8.0000
0.0000
0.0000
7.4996
-47.7440
0.0000/ 3600.0000 /
-0.0000/ -4800.0000 /
0.0000/ 5968.0000 /
0.0000/ 0.0000 /
0.0000/ 28.8000 /

0.0
100.0
0.0

y=443.000mm

Effective diameter (mm)

Radial force factor (-)

Direction of the radial force (°)

Axial force factor (-)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (load spectrum) (N)
Shearing force X (load spectrum) (N)
Shearing force Z (Load spectrum) (N)
Mass (kg)

Load spectrum, driven (input)

Element Frequency (%) (UpM) (kW) (Nm)

1 30.0000 1500.0 20.0 127.3
2 50.0000 4000.5 20.0 47.7
3 20.0000 6000.0 20.0 31.8

Eccentric force (Eccentric load 3)

0.0000
0.0000
0.0000
0.0000
20.0000
20.0000
127.3240
0.0000/ 0.0000 /
0.0000/ 0.0000 /
0.0000/ 0.0000 /
0.0000

y=-70.000mm

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

Power (kW)
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25.0000
0.0000
0.0000
4.9991

0.0000
-0.0000
0.0000
0.0000
0.0000

0.0000
-0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000



Torque (Nm) -31.8250
Axial force (load spectrum) (N) 0.0000 /
Shearing force X (load spectrum) (N) -0.0000/
Shearing force Z (Load spectrum) (N) 0.0000/
Bending moment C (Load spectrum) (Nm) 0.0000/
Bending moment H (Load spectrum) (Nm) 0.0000/
Load spectrum, driving (output)
Element Frequency (%) (UpM) (kW) (Nm)
1 30.0000 1500.0 -0.00 -0.00 0.0
2 50.0000 4000.5 -0.00 -0.00 0.0
3 20.0000 6000.0 -20.00 -31.82 100.0
Bearing
Taper roller bearing (single row) SKF 32018 X/Q (Roller bearing 1) 66.000mm
Set fixed bearing right
d= 90.000 (mm), D= 140.000 (mm), b = 32.000 (mm), r= 2.000 (mm)
C = 168.000 (kN), CO = 270.000 (kN), Cu= 31.000 (kN)
Ctheo = 168.033 (kN), COtheo = 270.015 (kN)
Calculation with approximate bearings internal geometry (*)
Z =27, Dpw = 115.380 (mm), Dw = 11.846 (mm)
Lwe = 22.140 (mm), a =30
a =30
di= 103.534 (mm), do = 127.225 (mm)
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  52.0000
Taper roller bearing (single row) SKF 32016 XIQ (Roller bearing_3) 259.000mm

Set fixed bearing left
d= 80.000 (mm), D= 125.000 (mm), b = 29.000 (mm), r=1.500 (mm)
C = 138.000 (kN), CO = 216.000 (kN), Cu= 24.500 (kN)
Ctheo = 138.027 (kN), COtheo = 216.012 (kN)
Calculation with approximate bearings internal geometry (*)
Z =27, Dpw = 102.838 (mm), Dw = 10.775 (mm)
Lwe = 19.517 (mm), a =27
a =27
di= 92.064 (mm), do = 113.613 (mm)
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)  271.5000

Maximum deflection 0.017 (Shaft 1 pos=  0.000)

Mass center of gravity
Shaft 1 (mm) 204.434

Total axial load
Shaft 1 (N) 7420.000

Torsion under torque
Shaft 1 (°) 0.020

Probability of failure [n] 10.00 %
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Axial clearance

[ual

10.00 pum

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Rolling bearing 'Roller bearing_1'

Position (Y-coordinate) [yl 66.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lnnl 5274127 h
static safety factor [Sol 23.03
Reference rating service life [Lnrh] 137483.45 h

Modified reference rating service life[L,rmp]> 1000000 h

Bearing reaction force

Bearing reaction moment

Fx (kN) Fy (kN) Fz (kN) Mx (Nm) My (Nm)
1 5.964 -4.147 -7.823 116.708 -0.000
2 7.301 -4.927 -9.176 137.508 -0.000
3 1.494 -1.051 -1.911 27.818 -0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (Mm) uz (um) ux (mrad) uy (mrad)
1 -1.7241 12.9867 2.0489 -0.146 0.008
2 -1.8419 14.4261 2.2243 -0.167 0.003
3 -0.7827 5.6503 0.9118 -0.046 0.002
Shaft 'Shaft 1' Rolling bearing 'Roller bearing_3'
Position (Y-coordinate) [yl 259.00 mm
Life modification factor for reliability[a1] 1.000
Service life [Lhnl 863893.66 h
static safety factor [Sol 51.78

Reference rating service life [Lnrh]

> 1000000 h

Modified reference rating service life[L,rmn]> 1000000 h

Bearing reaction force

Fx (kN) Fy (kN)
1 -1.890 1.091
2 -2.501 1.327
3 -0.475 0.287

Displacement of bearing

ux (pm) uy (um)
1 51617 13.2864
2 6.3860 14.7907
3 2.0517 5.7293

Bearing reaction moment

Fz (kN) Mx (Nm) My (Nm)
2.862 36.747 -0.000
3.339 42.832 -0.000
0.770 9.892 -0.000
Misalignment of bearing
uz (um) ux (mrad) uy (mrad)
-7.8565 -0.008 0.089
-8.5222 -0.005 0.033
-3.3365 -0.011 0.022

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

The internal geometry of these bearings has not been input in the database.
The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.
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Mz (Nm)
88.654
109.258
21.704

uz (mrad)
-0.100
-0.128
-0.031

Mz (Nm)
24.270
32.080

6.105

uz (mrad)
-0.006
-0.004
-0.007

In some situations, this may result in significant variations in roller bearing stiffness.
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Displacement [mm]

0.015

0.010

0.005

0__._

-0.005—

-0.010—

0

[
100
Axial direction Y [mm]

| |
200 300

Figure: Displacement (bending etc.) (Arbitrary plane 125.4571003 °)
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— Equivalent stress (GEH)
— Equivalent stress (5SH)
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Axial direction Y [mm]

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

Material C45 (1)

Material type Through hardened steel
Material treatment unalloyed, through 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 110.00 Shoulder

B-B 50.00 Shoulder

Results:

Cross section Kfb Kfsig K2d SD SS
A-A 2.32 0.92 0.84 6.31 15.91
B-B 2.77 0.92 0.83 6.24 22.23
Required safeties: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing
Length (mm) [ 455.00
Speed (1/min) [n] 1500.00
Material C45 (1)
Material type Through hardened steel
Material treatment unalloyed, through 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] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 130.00

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

Material strength calculated from size of raw material

Geometric size factor K1d calculated from raw material diameter

[sigBeff] (N/mm?) 534.41
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[sigSeff] (N/mm?)
[sigbF] (N/mm?)
[tautF] (N/mm?)
[sigBRand] (N/mm?)

[sigzdW] (N/mm?)
[sigbW] (N/mm?)
[tautW] (N/mm?)

Service strength for a load spectrum
Woehler line (S-N curve) according
Required life time

Number of load cycles (Mio)

KISSsoFT
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Miner elementary

Data of Woehler line (S-N curve) analog to FKM standard:

[ksigma, ktau]
[kDsigma, kDtau]
[NDsigma, NDtau]

[NDsigmall, NDtaull]
[DM]

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

Stress: (N) (Nm)

90.000

338.42
406.11
234.47
628.00
213.76
267.21
160.32
[h] 4000.00
[NL] 360.000
5 8
0 0
1e+006 1e+006
0 0
0.3
Iyl 110.00
[da] 80.000
[di] 56.000
1.000  0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

Mean value 545.4 0.0 63.7 0.0
Amplitude 545.4 545.8 63.7 3368.9
Maximum value 1854.4 927.8 216.5 5727.2
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 2563.5 38196.7  76393.5 2563.5
Load spectrum, load base values (Mean-value + Amplitude):
Element Frequency Tenssion/Compression  Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 30.00 1090.823  545.772 127.324  3368.939

2 50.00 1326.965  666.225 47.746 4113.688

3 20.00 287.372 137.036 31.831 843.340
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.213 0.000 0.833 0.000
[sigzda, sigba, taua, tauga] (N/mm?2) 0.213 14.288 0.833 2.575
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) 0.723 24.290 2.833 4.378
Technological size influence [K1(sigB)] 0.763

[K1(sigS)] 0.691
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Tension/Compression Bending Torsion

Stress concentration factor [alfa] 3.152 2.897 1.907
References stress slope [G1 2.510 2.510 1.150
Notch sensitivity factor n [n] 1.248 1.248 1.168
Notch effect coefficient [beta] 2.526 2.322 1.633
Geometrical size influence [K2(d)] 1.000 0.842 0.842
Influence coefficient surface roughness

[KF] 0.915 0.915 0.951
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient K] 2.618 2.850 1.991
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 1.459
Equivalent mean stress (N/mm?) [taumV] 0.842
Fatigue limit of part (N/mm?) [sigWK] 81.645 93.758 80.525
Influence coefficient of mean stress sensitivity.

[PsisigK] 0.083 0.096 0.081
Permissible amplitude (N/mm?) [sigADK] 49.530 92.846 74.398
Permissible amplitude (N/mm?) [sigANK] 49.530 92.846 74.398
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 6.306
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 525.5
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.000
Increase coefficient [gammaF] 1.150 1.100 1.000
Yield stress of part (N/mm?) [sigFK] 389.187 409.492 195.389
Margin of safety yield stress [S] 15.905
Required safety [Smin] 1.200
Result (%) [S/Smin] 13254
Cross section 'B-B' Shoulder
Comment
Position (Y-Coordinate) (mm) [yl 50.00
External diameter (mm) [da] 90.000
Inner diameter (mm) [di] 54.870
Notch effect Shoulder
[D, r, t] (mm) 128.000 1.000 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]
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Tension/Compression Bending Torsion Shearing

-1528.0 0.0 63.7 0.0
1528.0 736.6 63.7 6494.5
-5195.2 1252.2 216.5  11040.7
3997.2 61682.0 123364.0 3997.2



Load spectrum, load base values (Mean-value + Amplitude):
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Element Frequency Tenssion/Compression  Bending Torsion Shearing
(%) (N) (Nm)  (Nm) (N)

1 30.00 -3056.000  736.570 127.324  6494.533

2 50.00 -3600.000  900.555 47.746 7631.402

3 20.00 -764.000 183.582 31.831 1603.292
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.382 0.000 0.516 0.000
[sigzda, sigba, taua, tauga] (N/mm?2) 0.382 11.941 0.516 3.129
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?) -1.300 20.300 1.755 5.320
Technological size influence [K1(sigB)] 0.763

[K1(sigS)] 0.691

Stress concentration factor [alfa]
References stress slope [G1
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 coefficient of mean stress sensitivity.
[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Permissible amplitude (N/mm?) [sigANK]
Load spectrum factor [fKoll]

Safety against fatigue [S]

Required safety against fatigue [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]

Remarks:

Tension/Compression Bending Torsion

3.963
2.418
1.243
3.187
1.000

0.915

1.000
3.280

65.178

0.065
57.312
57.312

1.000

1.000
1.150
389.187

3.445 2.268
2.418 1.150
1.243 1.168
2.770 1.942
0.834 0.834
0.915 0.951
1.000 1.000
3.414 2.379
0.808
0.466
78.273 67.382
0.079 0.067
77.856 63.519
77.856 63.519
1.000 1.000
6.240
1.200
520.0
1.100 1.000
1.150 1.000
428.106 195.389
22.230
1.200
1852.5

- 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: 549
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1 |Pfiruba zarizeni BP KKS 16 - 01/1 |11 600(kg | 1|120,659
2 |Téleso 1 BP KKS 16 - 01/2 |11 600|kg | 1 (104,377
3 |Téleso 2 BP KKS 16 - 01/3 |11 600(kg | 1 (36,226
4 |Viko vretene - vnéjsi BP KKS 16 - 01/4 |11600|kg |1 (3,575
5 |Vreteno zarizeni BP KKS 16 - 01/5 |14 220|kg | 1 |9,812
6 |Téleso lozisek BP KKS 16 - 01/6 |14 220(kg | 1 (13,892
7 |Rozpérny valec BP KKS 16 - 01/7 |11 600|kg |1 (3,493
8 |Distancni valec BP KKS 16 - 01/8 |11 600/kg |1 (0,391
9 |Distancni krouzek - mensi BP KKS 16 - 01/9 |11 600 kg | 1 {0,095
10 |Distancni krouzek - vetsi BP KKS 16 - 01/10 {11 600 |kg | 1 |0,074
11 |Viko vretene - vnitrni BP KKS 16 - 01/11 |11 600 |kg | 1 |0,356
12 |Hridel prevodovky BP KKS 16 - 01/12 |14 220 kg | 1 |9,416
13 |Hridel ovladani upinace BP KKS 16 - 01/13 |11600 |kg | 1 (0,910
14 |Hridel zafizeni BP KKS 16 - 01/14 |14 220 |kg | 1 6,283
15 |Aretacni kotouc BP KKS 16 - 01/15 |11 600 (kg | 1 |5,125
16 |Aretacni pero BP KKS 16 - 01/16 |11 600 |kg | 2 |0,318
17 |Rozpérny valec lozisek BP KKS 16 - 01/17 |11 600 (kg | 1 |0,981
18 |Tahlo upinace BP KKS 16 - 01/18 |11 600 |kg | 1 |0,549
19 |Spojka HSD 56 - 20 HSD 56 - 20 kg | 10,489
20 |Spojka HSD 61 - 20 HSD 61 - 20 kg | 110,528
21 |Adaptér ISO 50 A1B20-50 18 063 kg | 13,372
22 |Rotacni privod chladiva GFR009030110 kg | 10,925
23 |Upinaci mechanismus OTT - Jakob kg | 112,229
24 |Lozisko 90 x 140 x 32 32018 X/Q kg | 11,759
25 |Lozisko 80 x 125 x 29 32016 X/Q kg | 111,294
26 |SROUB M8 x 45 CSN 02 1101 kg | 6 (0,008
27 |SROUB M6 x 20 CSN 02 1101 kg | 60,005
28 |SROUB M12 x 25 CSN 02 11 43 kg | 210,012
29 |PERO 20e7 x 12 x 70 CSN 02 2562 kg | 210,123
30 |PRUZINA TL 8 x 90 x 130 x 9 CSN 02 6020 kg | 111,053
31 |Planetova prevodovka
32 |Prfiruba stroje
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