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1. Uvod

1.1. Téma diplomové prace

Tato diplomova prace se zabyva navrhem valeckovaciho zatizeni jako specialniho pfislusenstvi
pro soustrun SR4000. Pied samotnym navrhem zafizeni se formou reserSe pojednava o
technologii valeCkovani. Téma prace bylo zadano firmou Skoda Machine Tool a.s.

1.2. Historie spole¢nosti Skoda Machine Tool a.s.

Skoda Machine Tool as. je jednim znejvyznamnégjSich svétovych vyrobcii tézkych
horizontdlnich frézovacich a wvyvrtdvacich stroji, téZkych soustruhli, oto¢nych stoli,
specidlniho pfislusenstvi a dalSich zafizeni. [3] Tato akciovd spole¢nost navdzala na
strojirenskou vyrobu Skodovych zavodii, které v roce 1859 zalozil v Plzni hrabé Valdstejn.
Rozsifeni, uspéchil a svétového vehlasu vsak strojirny dosdhly az za nového majitele, ktery jim
dal i své jméno. Emil Skoda nastoupil do strojirenskych zavodi nejdfive jako hlavni inzenyr.
Po tfech letech, v roce 1869, tovarnu, ve které tehdy pracovalo 100 lidi, koupil. Za jeho vedeni
zazily Skodovy zavody velmi dynamicky rozvoj v mnoha strojirenskych odvétvich.
V osmdesatych letech byla vybudovana moderni ocelarna, ve které se vyrabély velké ocelové
odlitky a vykovky. V pribéhu let se zde vyrobilo mnoho vyrobkii i pro export do celého svéta.
Byly to naptiklad strojni ¢asti cukrovarti, pivovart, zdymadel, elektraren, mostnich konstrukci,
parnich stroja, nebo lodi. V roce 1899 se z podniku stala akciova spolecnost. Jeste pred prvni
svétovou valkou Skodovy zavody zaujaly prvenstvi ve zbrojnim pramyslu Rakouska —
Uherska. Dodavaly dé€lostteleckou vyzbroj namotnictvu i pozemnimu vojsku. V této dobé zde
pracovalo 35 tisic lidi. Po roce 1918 se Skodovka stala mnohooborovym koncernem. Vyroba
se rozsifila o nové obory, jako byly parni a pozdéji elektrické lokomotivy, které se velmi brzy
vyvézely nejen do Evropy, ale i do Ciny, Indie, Afriky, Ameriky, Kolumbie, nebo Litvy. V roce
1911 zahjily Skodovy zavody vyrobu vlastnich obrabé&cich strojii. V roce 1920 se zde zadaly
vyrabét soustruhy pro opracovani klikovych hiideli. [2]

Vroce 1923 byla do obchodniho rejstiiku
zapsana znatka Skodovych zavodi, dnes tak
znamy okiidleny $ip v kruhu. Sip symbolizuje -
rychlost, jeho kiidla pokrok a volnost, oko 1
v kiidle poukazuje na pfesnost a vnimavost k 8§
okoli a kruh je symbolem jednoty, uplnosti,
svétla a harmonie. Autorem loga je FrantiSek
Michl. [5]

Stouto znackou vyjela vroce 1926 prvni
troj¢itd rychlikova lokomotiva, piezdivanad [
Mikédo. O rok pozdéji to byla rychlikova
elektricka lokomotiva. Velké obliby ziskal tzv.
Modry $ip, coz byl velmi spolehlivy kolejovy
viz se spalovacim motorem. Pozdé&ji, byly ve
Skodovce zkonstruovany a vyrobeny prvni
trolejbusy a tramvaje. [2] S vyvojem a vyrobou
uzitkovych  automobilt  Skoda  zadala
spole¢nost po  fazi s automobilovym Obrazek 1: Klikovy hiidel Skoda
podnikem Laurin & Klement v roce 1925,
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kdy se automobilka po pozaru dostala do velkych finanénich problémii. Uspésné modely, které
brzy poté vyjely z plzefiskeho zavodu, byly v roce 1932 Skoda 420, ktera byla pejmenovana
na Skoda Popular, Skoda Superb, Skoda Rapid a v roce 1936 Skoda Favorit. [4]

Koncern Skoda zalozil v roce 1927 Ceskoslovenskou leteckou spole¢nost jako akciovou
spole¢nost se zakladnim kapitalem 8 miliont korun. Jeji prvni letadla byla Avia B.H.25.
Soustfedila se na mezinarodni leteckou dopravu. Po 2. svétové vélce ale svoji €innost
neobnovila. [6] V roce 1929 Skoda koupila prazskou leteckou tovarnu Avia, kam se soustiedila
leteckd vyroba.

V roce 1928 se zapocalo s vystavbou zbrojniho zavodu na Slovensku v Dubnici nad Vdhom,
kde se pied valkou vyrab€ly predevs§im déla a munice. [7] Za okupace a béhem 2. svétové valky
byl cely Skoda koncern vélenén do zbrojniho programu nacistického Némecka. Zbrojni vyroba
byla rozsifena, vyrabély se zde d€losttelecké zbrané€, granaty, polnice a houfnice, minomety,
nebo protitankova déla. Némci zadavali vyrobu zbrani podle vlastni dokumentace, vyrab¢ly se
zde také lokomotivy podle jednotné némecké konstrukce. [1] V roce 1940 slavila firma velky
tispéch, kdyz zavedla do sortimentu elektromotory. [2] V dubnu 1944 ve Skodovce pracovalo
vice nez 12 tisic zaméstnancu. 25. dubna 1945 vsak bylo leteckym bombardovanim spojencti
zniceno 70 procent plzeiiského podniku. Pies rozsahlé skody se podatilo vyrobu velmi rychle
obnovit. Po vélce byl koncern zestatnén a postupné se od Skodovych zavodi osamostatiiovaly
jeho ¢asti, jako automobilka v Mladé Boleslavi, letecka tovarna Avia v Praze a také zavody na
Slovensku. Vyroba v Plzni se zacala soustiedit na t€Zké strojirenstvi, primyslovou vystavbu,
dopravni prosttedky pro hromadnou dopravu a na energetiku. [1] V roce 1958 zaznamenala
velky mezindrodni uspdch horizontalni vyvrtavatka Skoda WD 200, ktera ziskala zlatou
medaili na vystavé Expo v Bruselu. Tento stroj vykazoval vysokou piesnost a efektivitu
obrabéni. Byl postupné inovovan a do roku 1974 se jich vyrobilo rekordni mnozstvi 1200 ks.

6]
B

V poloving¢ sedmdesatych let byla
vyvinuta prvni tézka horizontka, ktera
byla ovladdna CNC systémem, coz
bylo ve své dobé svétovym unikatem.
[2] Od sedmdesatych letech Skodovka
roz§ifila  vyvoz svych  vyrobku
pfedev§sim do zemi RVHP, ale i do
dalSich zemi Evropy, Asie, Aftriky i1
Ameriky. Jednalo se o Sirokou Skalu
stroji a zafizeni. Z dopravni techniky
to byly elektrické lokomotivy a
trolejbusy, ze strojnich a investi¢nich
celki se vyvazely predevSim
cukrovary, pivovary, lihovary nebo
rafinérie, z energetiky to byly jaderné
reaktory, turbiny, generatory a
transformatory.  Dale se vyvazely
tabadkové stroje a varny. V roce 1990
byl zruSen statni podnik a vznikla 7
akciova spolecnost Skoda, koncern,
Plzen. V dalsich letech probéhla : R
privatizace. Obrazek 2: Prvni tézka CNC horizontka

.
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Od roku 1994 nesla spole&nost jméno Skoda a.s.
Reorganizace pfinesla rozdéleni na 25 dcefinych
spole¢nosti s rucenim omezenym a
kumulovanou ztratu 13 miliard korun. Pies snahy
o stabilizaci byl vroce 2001 na Skodu a.s.
vyhlasen konkurz. Poté dostala spole¢nost novy
nazev podle vét§inového vlastnika Skoda
Holding, a.s. a Skoda Investment, a.s. [1]

Y

Skoda machine Tool s.r.o. (dale SMT) vznikla
vroce 1993 zaloZzenim spole¢ného podniku |
zavodu Obrabéci stroje Skoda a némecké firmy
Dorries Scharman. Na zakladé spole¢né dohody
se VPlzni vyrabély tézké horizontky typu
Heavycut. [2] Vroce 1996 némecka firma
vyhlasila bankrot a Skoda a.s. pfevzala majoritni
podil firmy. [1] Od roku 1999 se ve firm¢ vyrabi : :

soustruhy typu SROV. Vroce 2000 se firma Obrizek 3: Soustruh typu SROV
rozsifila svoje produktové portfolio o horizontky

typu HCW a FCW a v roce 2009 byl dokoncen vyvoj vysokootackového stroje typu HCW
20004000. V roce 2016 firma slavi prodej nejvétsi horizontky v historii firmy Skoda

Kromé mateiské spoleénosti v Plzni ma SMT i dcefinou spoleénost v Cinské lidové republice
a Ruské federaci a kazda z nich mé své zaméteni. Spolecnost exportuje do vice nez 40 ti zemi
svéta a prodala uz vice nez 4000 strojii. Ro¢ni produkce &ini 20 az 25 strojt. SMT také
spolupracuje s nékolika stfednimi a vysokymi §kolami v CR. Mezi soudasné obrabéci stroje
vyrabéné spolecnosti patii horizontalni vyvrtavacky fad FCW a HCW, univerzalni horizontalni
soustruhy typu SR, multifunkéni stroj S-MT, frézovaci stroj FC, dale pak portaly WP a WPA,
oto¢né a posuvové stoly a rozmanita paleta ptislusenstvi. Spolecnost méla také vzdy silny
vyzkumny, vyvojovy a konstrukéné-technologicky potencial tviircich pracovniki, udrzovala si
naskok v technické trovni svych vyrobki s fadou origindlnich feSeni a na trh pravidelné zavadi
nové produkty. Ve firmé se také aplikuji nové trendy primyslové revoluce, priimysl 4.0, coz
Z mnohaleté zkuSenosti a tradice strojni vyroby. Vizi firmy je vybudovat moderni Skodovackou
firmu se stalymi zakazniky, ktera je pysna na své lidi a dodavané produkty [3]
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1.3. Hrotové soustruhy SKODA SR

,Soucasna fada t&zkych horizontalnich hrotovych soustruhit SKODA SR s moderni konstrukci
je urcena pro efektivni a pfesné obrabéni rotacnich obrobki a reprezentuje kombinaci
maximalni stability, vysoké piesnosti a vysoké fezné sily.* [11]

»Sofistikovand moduldrni konstrukce umozituje optimalizovat konfiguraci stroje tak, aby
splinoval zakaznikovy pozadavky. Hlavni dily jsou z Sedé litiny. Stroj mulze byt vybaven
piislusenstvim pro frézovaci, hlubokovrtaci i brousici operace.” [11]

Soustruhy jsou ulozeny na masivnim betonovém zékladu, coZ umoziiuje bezpecné uchyceni
statickych 1 dynamickych sil. Loze soustruhu je vyrobeno z sed¢ litiny a nachazi s na ném Ctyfi
nebo pét vodicich drah. K betonovému zékladu je loze uchyceno pomoci fixatort. Ty zajistuji
nastaveni kone¢né polohy loze. Vodici plochy jsou kalené a chranéné teleskopickym krytem.
Ram skiin¢ vieteniku je odlitek ze Sedé litiny. Vieteno je ulozeno ve valivych loZiskach a
pohanéno stiidavym motorem. Déle jsou ve skiini ulozena ptevodova skfin s hydraulickym
systémem rychlého fazeni pfevodl. Vieteno pohani licni desku, ktera disponuje 4 mi nebo 8 mi
upinacimi celistmi. Suport se posouva podélné vedle koniku a lunet. Posuv je realizovan
pomoci pohonil a hfebenového pievodu v reZimu master — slave. Pficny posuv je pak feSen
kuli¢kovym Sroubem s piedepnutou matici. [19]

Obrazek 4: SoustruZeni na stroji SR [11]
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2. Technologie Valeckovani

Valeckovani je metoda dokoncovani
povrchu. Na rozdil od ostatnich
dokoncovacich metod nedochazi pfi
valeckovani K ibéru materialu, ma proto
charakter tvafeci operace. DalSimi
metodami dokon¢ovani povrchu jsou:

54————— po vrtani

po vystruzeni

po brouseni

e BrouSeni

o Lesténi

e SuperfiniSovani
e Honovani

e Lapovani

e Omilani

e Otryskavani Obrazek 5: Kvalita povrchu [14]

po valeckovani

V porovnani s témito metodami Ize valeCkovanim dosahnout stejné drsnosti povrchu pfi
soucasném zpevnéni povrchové vrstvy materidlu. Valeckovat lze kazdy plasticky
deformovatelny kov.

2.1. Podstata valeCkovani

Principem vale¢kovani je pfitlacovani tvafeciho prvku k povrchu tvareného prvku takovou
silou, pfi které dojde k pfekonani meze kluzu materialu a jeho plastické deformaci. V misté
kontaktu ploch se vytvoii sty¢ny tlak (Herztv tlak), pfi kterém je dosazeno meze toku a dochézi
k pfeteCeni materialu ze Spicek do prohlubni diive soustruzeného povrchu.

Obrazek 6: Tok materialu [14]

Pti valeCkovani za ucelem hlazeni se pouziva mensi pfitlacné sily, stidle ale dostatecné
pro ptekondni meze kluzu. Déle se pouzivaji prvky s vétSim polomérem zakfiveni profilu.
Dosazené drsnost povrchu souvisi mimo jiné s drsnosti povrchu pied valeCkovanim. Pfi procesu
je preferovana kvalita povrchu pted jeho zpevnénim. Takovy povrch je odolngjsi vici korozi a

riziko tvorby prasklin je niz§i diky absenci mikrovrubu. Valeckovanim lze dosahnout drsnosti
az Ra 0,1, hodnota ale zavisi na mnoha faktorech, které budou popsany dale.

Pti zpeviiovani neboli hlubokém valeckovani se uziva vyssi ptitlaéné sily a mensiho poloméru
zakiiveni tvareciho profilu pro co nejvétsi zpevnéni povrchu. V povrchové vrstvé materialu
zustavaji po procesu zbytkova napéti, které vedou k znatelnému zvySeni meze Unavy a
otéruvzdornosti materialu. [12] [13]
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Obrazek 7: ZvySeni meze unavy [13]

2.2. Druhy vale¢kovani

Valeckovani se déli podle druhu nastroje do dvou skupin.

2.2.1. Statické valeckovani

Pii statickém véleCkovani je tvéafeci prvek V nepfetrzitém kontaktu s tvafenou plochou.
Pritlacna sila je pfi procesu konstantni, nebo se pozvolna méni a je nejcastéji vyvozena
pruzinami nebo hydraulicky. Vysledny efekt valeckovani zavisi na radiusu zakiiveni profilu
tvareciho prvku. Prvek je nejcastéji odvaluyjici se valecek, kuli¢ka nebo zakfiveny kotouc. Mezi
nastroje pro statické valeckovani se fadi také nastroje s diamantovym prvkem. [18]

Obrazek 8: Statické vale¢kovani [16]

10
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2.2.2. Dynamické valeckovani

U tohoto druhu valeckovani pasobi nastroj na plochu silovymi impulzy. Ty jsou nejcastéji
vyvozovany stfidavym pfitlaovanim tvafecich prvkl na rotujicich kuzelech nebo nastroji
s proménlivou kfivosti povrchu. Timto zpiisobem valeckovani se dosahuje velkych hloubek
zpevnéni povrchu. [18]

Obrazek 9: Nastroj pro dynamické valeckovani [17]

2.3. Priprava operace

Pred samotnym valeckovanim je nutné posoudit vlastnosti obrobku z n€kolika hledisek.
Dulezity je povrchovy vzor, geometrie fezného nastroje a jak velky ptidavek je pred
valeCkovanim potieba. Pro valeckovani je zadouci, pokud je povrch obrobku pied
valeCkovanim zoubkovany, drsnost povrchu zaroven musi byt CO nejmensi, zejména u
houZevnatych kalenych oceli. U tvarnych materiali napt. u mosazi, hliniku nebo zihané oceli
sta¢i hrubsi povrch. Rozmérova piesnost valeCckovaného obrobku je ovlivnéna piedevSim
kvalitou obrobeného povrchu. Spravné zvoleni pracovnich podminek je velice dulezité, protoze
nespravné podminky mohou byt pfi¢inou nizké produktivity valeckovéani, nedostate€ného
stupné zpevnéni nebo vyhlazeni véaleCkovaného povrchu a celkového snizeni vyslednych
uzitnych vlastnosti dokon¢ované soucasti.

2.4. Optimalni velikost pritlacné sily pri valeCkovani

Pritla¢na sila ma rozhodujici vliv na hloubku plastické deformace, zpevnéni a drsnost povrchu.
Sila musi byt dostate¢na, aby dosSlo k ptekondni meze kluzu materidlu a jeho plastické
deformaci, zaroven ale nesmi dojit k jeho poruseni. Pfitlacna sila je pfimo zavisla na poloméru
kiivosti tvafeciho prvku. Vétsi polomér znamena vétsi dotykovou plochu a zaroven vyssi
potiebnou pfitlacnou silu pro vyvolani stejného tlaku na povrchu véaleckovaného télesa.

Orientacni velikost pfitlacné sily u vyrabénych zatizeni:

e Malé valeckovaci nastroje: 100 az 2500 N
e Nastroje s velkym polomérem (50-100 mm): az 20 000 N

11
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2.5. Rychlost valeckovani

Rychlosti valeckovani rozumime obvodovou rychlost tvafeciho prvku, valecku. Pfi statickém
valeckovani je tato rychlost pfiblizn€ stejna jako rychlost otdCeni tvafené soucésti. Vyssi
rychlosti valeCkovani znamenaji i zvySeni teploty obou téles, proto se pouziva mazani a
chlazeni. U metod statického valeckovani s konstantnimi pfitlaénymi silami mé valeCkovaci
rychlost jen maly vliv na vysledné zpevnéni nebo kvalitu povrchu.

2.6. Posuv nastroje

Podélny posuv je jednou z podminek, ktera velmi ovliviiuje vyslednou kvalitu povrchu. Pii
zvoleni moc vysoké rychlosti posuvu mize byt vysledkem vinity povrch, proménna hodnota
Ra povrchu nebo dokonce poruseni povrchu. Nejcastéji se pouzivaji hodnoty posuvu od 0,05
do 0,5 mm na otacku, pro valeckovani tvrdych materiala pak 0,02 az 0,1 mm.

2.7. Prevale¢kovani

Pievaleckovani je vicenasobné valeckovani stejné plochy soucésti. Pfi druhém cyklu je jiz
patrné zmenSeni drsnosti povrchu, pii dalSich cyklech uz ale miize dojit k jeho poruseni a
hodnota Ra se dale nezlepSuje. Vyssi vyznam prevaleCkovani ma dalsi vytvrzeni povrchu, kdy
se prohlubuje tloustka zpevnéné vrstvy. Dosazitelnd tvrdost je stejné jako u drsnosti limitovana
uréitym poctem cykld. Prevaleckovani se uplatiiuje jen ve vyjimecnych piipadech, protoze
vyrazné snizuje produktivitu stroje.

2.8. Metody chlazeni a mazani

Mazani se u valeckovani vyuziva zejména kvili moznosti pouziti vysSich obvodovych rychlosti
valecku. Mimo to se také zlepSuje vysledna drsnost vyrobku, nejlepSich vysledki se dosahuje
pfi pouziti petroleje pro hladici operace. Zvysena teplota pfi vyssi valeCkovaci rychlosti a pri
vysokych pfitlaénych sildch mazaci vlastnosti zna¢né zhorSuje, vyuziva se proto chladicich
chladicich emulzi. Castice neéistot jsou pii valetkovani vtladovany do povrchu a zhorsuji jeho
vyslednou kvalitu.

12
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3. Konkuren¢ni reSeni

Priizkum trhu ukazal, ze je u vyrobcti k dispozici Siroka Skala valeCkovacich néstroji, at’ uz pro
statické nebo dynamické valeCkovani. Nastroje se daji pouZivat v soustruznickych a
frézovacich centrech a daji se upinat mnoha zptisoby. Vyrobci nabizeji 1 rozméry a piipravky
pro upnuti vyroben¢ na zakazku.

Kompletnich zafizeni a stroju pro valeCkovani je na trhu jen velmi malo. Rozsah ptitlacnych sil
a prumért valeckovatelnych hiidelti konc¢i na hodnotich mnohem niZSich, nez které jsou
pozadovany zadavatelem této prace, proto je jako ptiklad konkuren¢niho feSeni uveden jen
jeden stroj.

3.1. ROLLER 2800 CNC

ROLLER 2800 CNC od firmy Kovosvit Mas je specialni stroj pro valeckovani vnéjsich ploch
s ob&éznym pramérem do 300 mm, resp. do 280 mm s vyuzitim naklopeni osy B do 30 a do 250
mm s vyklopenim do 35 stupiiti. Konstrukce tohoto stroje je odvozena od jiného, standartniho
stroje, soustruznického centra MASTURN 70/3000 CNC. Timto valeCkovacim strojem se da
valeckovat vétSina ploch htidelli, jako jsou valcové a kuzelové plochy nebo prechodové
radiusové plochy. Valeckovaci nastroj je vzdy v poloze kolmé k povrchu materidlu. U
valcovych a radiusovych ploch je toto zajiSt€éno mechanismem naklédpéni. Zatizeni se
V podélném sméru pohybuje na suportu. Ptitlak a jeho fizeni je realizovan hydraulicky. Proto
jsou na zatizeni umistény dve proti sob¢ postavené pinoly, V kterych jsou upevnény valeckovaci
hlavy s nastroji. Nataceni valeCkovacich hlav je realizovano samosvornym S$nekovym
prevodem, ktery zajistuje i aretaci v poloze. Ve stroji se nachdzi agregat, ktery zajistuje
potfebny tlak kapaliny a jehoZ pomoci se fidi plynulé zmény pftitlacné sily.

Obrizek 10: Roller 2800 CNC [10]
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Na schématu pracovniho prostoru Stroje jsou naznaceny vzdalenosti a rozméry tykajici se
upnuti hiidele, tedy upinac¢ vietene, vzdalenost ¢ela upinace od ¢elni plochy vietena a rozjezd
konika stroje od cela pinoly koniku. Celkova vzdéalenost mezi hroty je 2876 az 2906 mm.
Vzdalenost je zavisla na velikosti a tvaru stfediciho dilku népravy. V pracovnim prostoru je
také naznacen rozjezd suportu s valeckovacimi rolnami se vzdalenostmi k ¢elu vietena a ¢elu
zasunuté pinoly konika a tihel natoceni valeckovacich hlav. [10]

max, J412
max. 2876 - 2508

__._
_I|
d.

min. 207
max 3137

Obrazek 11: Roller 2800 CNC, schéma [10]
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4.

Konstrukce stroju a zafizeni Bc. Martin Beber

Specifikace zadanych pozadavki a parametri

Konstrukce valeckovaciho zatfizeni musi umoznit valeckovani valcovych, kuzelovych,
radiusovych ploch, ptechodt z valce na kuzel a také valeckovani pfi zastaveném posuvu
bez preruseni procesu.

Prechodové radiusy se valeckuji od uhlu 30°

Pfi ustaveni na stroj musi byt osy valeckd rovnobézné s 0sou stroje.

Pritlacna sila valecku je fizena hydraulicky.

Vodici plochy loze jsou kalené, proto musi byt vedeni sani valeckovaciho zafizeni
realizovano pomoci valivych jednotek.

Chlazeni strojnim olejem typu L, S, SU dle normy GOST 20799-77. Ptivod oleje pfi
pritlacné sile do 100 kN je 2 1/h, nad 100 kN 5 I/h

Celkov4 $itka zafizeni je maximalné 4000 mm.

Vyska osy soustruhu nad lozem je 1400 mm.

Maximalni fizend pfitla¢na sila je 120 kN.

Rozsah vale¢kovanych primérta hiideld 250 az 1200 mm.

Tvrdost povrchu valeckt musi byt min. HRC 62

Valeckovani se provadi pfi jednom priichodu pii obvodové rychlosti 0,3 — 0,5 m/s a
podélném posuvu valecku 0,3 — 0,4 mm/ot.

Tvareci valeCek je ustaven o 4 az 5 mm pied vyhlazovacim.

Primér valecka je 150 az 200 mm

Rédius profilu tvafeciho vélecku je 20 mm

Rédius profilu vyhlazovaciho vélecku je 100 mm

Dale byl firmou zadan profil loze soustruhu typu SR4000.

o] £00 B 300

Obrazek 12: Profil loZe soustruhu typu SR4000
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5. Konstruk¢éni navrh

Cilem této prace je navrhnout konstrukci valeckovaciho zatizeni tak, aby spliiovalo zadané
pozadavky. Nejvétsi vliv na navrh konstrukce bude mit poZzadovana maximalni pfitlacna sila,
rozsah véleckovanych pramért hiidelt a potfeba valeckovani piechodovych radiust.

5.1. Pouzity software

Kontrola spojovanych soucasti, ulozeni lozisek a htideli byla provedena v programu KISSsoft.
Model, pevnostni vypocty MKP a vykresovd dokumentace byly zhotoveny v programu NX
12.0. Vypocty byly provedeny v programu PTC Mathcad. Pro vybér pfevodovky a motoru pro
posuv suportu po lozi byl pouzit program Cymex 5 spolecnosti Wittenstein. Hydraulické
schéma bylo vytvoreno v programu Scheme Editor 6.

5.2. Volba koncepce reSeni

Zatizeni musi byt mozné posouvat po lozi soustruhu, néstroje je proto vhodné ulozit na posuvné
sang. ValecCkovani je standartné provadéno pomoci dvou nebo tii valeckd. Z hlediska rozméra
valeCkovanych htidelli a velikosti pfitlacnych sil je jednodus$s$i pouzit variantu se dvéma
valecky. Pro aplikaci pfitlacné sily, ktera ma byt fizena hydraulicky se nabizi vyuziti dvou
horizontaln¢ vysuvnych pinol.

C

Obrazek 13: Schéma konceptu konstrukce
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Aby bylo mozné valeCkovat radiusy pod thlem, je potieba valeCkovaci hlavy natocit. To je
realizovano pomoci oto¢nych ,,v€zi* ptichycenych k sanim zafizeni.

Obrazek 14: Kinematické schéma

5.3. Navrh vale¢kovaci hlavy

Tvéreci valecky jsou ulozeny do véleCkovaci hlavy. Tvar hlavy a valecku je tfeba navrhnout
tak, aby pfi valeCkovani radiusovych ploch u osazeni hiidelti nedochazelo ke kolizim nastroje
a obrobku. Osa valeCku je proto posunuta oproti ose valeckovaci hlavy, aby byl kontakt
S obrobkem ve spravné pozici, 35 mm od osy valeckovaci hlavy ve sméru posuvu. Tvar valecku
a vidlice hlavy je uzpiisoben pro pozadovany uhel vytoceni. Valecky jsou uloZeny na ose
pomoci sady lozisek a osa je nalisovana v otvorech valeckovaci hlavy.

- e

Obrazek 15: Reseni tvaru vale¢kovaci hlavy
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5.3.1. Spektrum zatiZeni a material

Zatézovaci spektrum je navrzeno pro realnéjsi vypocet zivotnosti a unosnosti lozisek valecku.
Valecky pii vétsing piipadld pouzivani nejsou zatizeny maximalni ptitlacnou silou a silou
posuvu, proto je vhodné pocitat I S niz§imi hodnotami. Dale se pii navrhovani uvazuje se
smérem posuvu obéma sméry. Spektrum zatiZeni je tak urceno:

g:=[0.4 0.4 0.2] ...pomérna doba béhu

T,.:=4000-hr ...celkova doba behu

Prvni dvé hodnoty pomérné doby béhu jsou zde pro maximalni hodnoty pfitlacné i posuvové
sily, kazda pro posuv vjednom smeéru, tfeti hodnota pro polovi¢ni zatizeni. Posuvova,
respektive axidlni sila plisobici na vélecek se zde uvazuje jako 0,4 - nasobek sily pfitlacné,
respektive radidlni.

Fr:=120+-kN ...max. radialni sila kladky
kpes =Fop=0.4 ...s0uc. posuvove sily
Fy=Fp k=48 kN ...max. axialni sila kladky

Material valecki byl uréen zadavatelem. Jedna se o ocel SCh15, jejiz nejbliz§im ekvivalentem
je ocel 14 100 nebo 14 109. Pozadovana tvrdost povrchu i dér valecku je 62 az 64 HRC, je
proto potiebna povrchova uprava povrchu, napiiklad kaleni nebo cementovani. Pozadovana
drsnost povrchu valec¢ku je 0,1 az 0,8 Ra.

Materil osy je 18CrNiMo7-6 (CSN 16 326, stfedné legovana ocel uréend k cementovéni
uréena pro velmi namahané strojni soucasti.

Pii navrhu ulozeni byly porovnany 3 varianty loziskového ulozeni tvafeciho véalecku.

5.3.2. Varianta 1

V prvni varianté je pod mistem pusobeni sil pouzito soudeckové lozisko SKF BS2-2312-
2RS/VT143. Z druhé strany valecku je z divodu omezeného prostoru nutné pouzit mensi
loZiska, proto je pouZito axialni valeckové loZisko SKF 81111 TN a jednotadé valeckové
lozisko SKF NU 1010ML. U této varianty je nutné pouzit matici pro zajiSténi axidlniho loziska,
které je ustanoveno uprostied. Nejnizsi zivotnost u této varianty je u axidlniho valeCkového
loziska a to 2242.17 hod.
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Obrazek 16: UloZeni vale¢ku, varianta 1
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Obrazek 18: Natoceni, varianta 1 Obrazek 17: Posunuti, varianta 1
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Obrazek 19: Reakce, varianta 1

5.3.3. Varianta 2

U druhé¢ varianty je pouzito soudeCkové lozisko SKF 22312 EK/VA405. Vnitini ¢ast loziska je
oproti prvni varianté upravena. Axialni valeckové lozisko SKF 81208 TN je tak zajiSténo a
kulickové lozisko SKF 6208 je zajiSténo pojisStovacim krouzkem a neptenasSi zadné axidlni
zatiZzeni. Nejmens$i Zivotnost lozisek vysla u soudeckového loZiska, a to 2396.62 hod.
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Obrazek 20: Redukované napéti,
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Obrazek 21: UloZeni valecku, varianta 2

20



Zapadoceskd univerzita v Plzni, Fakulta strojni

Diplomova prace, akad. rok 2019/20

Konstrukce stroju a zatizeni

—

E

m

Displacement

Force [N]

0.28 —
0.21 —
0.14 —

0.07 —

-0.07 —

-0.14 —
-0.21
-0.28 —

Obrazek 23: Posunuti, varianta 2
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Obrazek 25: Reakce, varianta 2
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Obrazek 22: Natoceni, varianta 2
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5.3.4. Varianta 3

U posledni, tieti, varianty je namisto soudeckového loziska pouzito jednotadé kuzelikové
lozisko SKF 32312. Z diivodu nizsi unosnosti kuzelikového loziska v radidlnim sméru je
axialni valeckové lozisko nahrazeno kulickovym loziskem s kosouhlym stykem SKF 1208
BECBY. V prostiedni ¢asti je jako u pfedchozi varianty kulickové lozisko SKF 6208. Nejnizsi
zivotnost ma v tomto piipadé lozisko s kosouhlym stykem, 529.5 hod.
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Obriazek 27: Posunuti, varianta 3 Obrazek 28: Natoteni, varianta 3
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Obrazek 29: Reakce, varianta 3 Obrazek 30: Redukované napéti, varianta 3

5.3.5. Vyhodnoceni variant a volba uloZeni

Na vybér varianty ulozeni pracovniho valecku ma nejvétsi vliv Zivotnost lozisek. Z tohoto
hlediska je nejlepsi varianta 2, u které je dosaZeno nejvy$si hodnoty minimalni Zivotnosti
lozisek, 2396.62 hod. I ptesto je dosazena zivotnost velmi nizka. LepSich vysledkd by bylo
mozné dosdhnout volbou inosnéjsich lozisek, to ale neni z divodu omezeného prostoru mozné.
Resenim je dodavani nahradnich lozisek. Dal§imi kritérii pro volbu lozisek jsou jejich staticka
a dynamickd unosnost, bezpecnost téchto parametrt je u vSech parametrt vétsi nez 1,2.

Obrazek 31: UloZeni tvareciho vale¢ku
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5.3.6. Vyhlazovaci valecek

Radius profilu vyhlazovaciho véalecku je 100 mm, jeho pouziti u radiusovych ploch s radiusem
mensim neZ 100 mm proto neni mozné. Vyhlazovaci valecek ma také byt ustanoven 4 az 5 mm
za tvarecim. Pro tuto potfebu je upravena konstrukce valecku tak, aby bylo misto dotyku
posunuto oproti valecku tvafecimu o stejnou hodnotu, tedy 31 mm viici ose valeckovaci hlavy
ve sméru valeCkovani. Zatizeni vyhlazovaciho valecku je oproti tvafecimu jen malo rozdilné,
bylo proto pouzito stejné ulozeni.

@200

Obrazek 32: Vyhlazovaci valecek

5.3.7. Navrh otaceni valeckovaci hlavy

Aby bylo mozné valeckovat v obou smérech posuvu, je valeCkovaci hlava opatfena oto¢nym
mechanismem. Otaceni o 180° je realizovano ru¢né pomoci $nekového soukoli. Na konci
hiidele Sneku se nachézi ¢tythran pro upevnéni kliky. Poloha je zajisténa pomoci sady Sroubti
a matic. Matice se pii otaceni posouvaji v ,,T* drazce. Pfesné ustaveni v polohach zajist'uji dva
aretacni Cepy.
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Obrazek 34: Upnuti vale¢kovaci hlavy

25



Zapadoceska univerzita v Plzni, Fakulta strojni Diplomové prace, akad. rok 2019/20
Konstrukce stroju a zafizeni Bc. Martin Beber

Na valec¢kovaci hlavu ptsobi v axidlnim sméru ptitlaéna sila Fy = 120 kN a kolmo sila posuvu
Fx = 48 kN (obrazek 22), Srouby je proto tieba dostatecné piedepnout. Pro vypocet je uvazovan
posuv V opacném sméru, protoze v takovém piipadé je ohybovy moment pisobici na ptirubu
vétsi. Navrh a vypocet Sroubii byl proveden v programu KISSsoft.

X
- |-
F,
, F
'
.
'l
V4 =
Y
Z

[,

i

Obrazek 35: ZatiZeni valeckovaci hlavy

Pro upnuti valeckovaci hlavy 8 Sroubt M16 x 50-10.9 srozte¢nym pramérem. Hodnota
minimalniho a maximalniho utahovaciho momentu je patrna z obrazku 22.

Pre-load force [kN]
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Obrazek 36: Utahovaci moment Sroubti valeCkovaci hlavy
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5.4. Navrh pritlacného mechanismu a hydraulického obvodu

Ptitlak valecki k povrchu hiidele musi byt realizovan hydraulicky. Mechanismus se sklada
Z pinoly, vedeni a linedrniho hydromotoru.

[ d d d \I
jﬂ? V] -
o e — — - N

8 =

Obrazek 37: Pritlaény mechanismus

Pro navrh pinoly a vedeni bylo nutné spocitat potiebnou délku vedeni pfi maximalnim zdvihu.
Maximalni zdvih byl pfi uvazovani nejmenSiho priméru, vyto€eni pinoly o 30° a ville pfi
odstaveni zafizeni ur¢en na 550 mm. Primér vedeni byl zvolen z hlediska rozméri valeCkovaci
hlavy a rozmérti hydromotoru, jehoz navrh je popsan dale.

5.4.1. Navrh hydromotoru

Pro navrh a volbu hydromotoru se uvazuje maximalni pfitlacna sila zatizeni, 120 kN. Pti urceni
pracovniho tlaku ve valci byl bran zietel na nabidku hydromotorii od zndmych vyrobcu.
Pracovni tlak byl stanoven na 10 MPa. Primér pistu valce je stanoven vztahem:

F, )
Sl = =12000 mm
Py

2 Sl

dy:i=1\/4- =123.608 mm

El
Zvoleny primér hydraulického valce je 125 mm. Skute¢nd maximalni vysuvna sila je poté:

F,:=S,-p,=122.718 kN

W'd-lz 3
S,:= i =12271.846 mm
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Byl zvolen dvoj¢inny hydromotor CH(D)SD s primérem pistu 125 mm, maximalnim
zdvihem 550 mm od firmy SMC. Dodavatel nabizi moznost pfipevnéni pomoci zadni ptiruby
dle pozadavki. Model je vytvoien podle vykresové dokumentace.

Obrazek 38: Hydromotor

Ptiruba hydromotoru je k télesu vedeni pfipevnéna pomoci sady Sroub, které musi byt
zvoleny vzhledem k zatizeni silou vyvozenou hydromotorem. Volba a vypocet Sroubti byly
provedena v programu KISSsoft.

Viko je pfipevnéno sadou Etrnacti Sroublt M8x25-8.8. Hodnoty utahovaciho momentu Sroubii
jsou patrné z obrazku 26.

Pre-load force [kN]
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Obrazek 39: Utahovaci moment Sroubt pfiruby hydromotoru
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5.4.2. Volba ¢erpadla a elektromotoru

Pii vybéru Cerpadla je nutné urcit potiebny objemovy pritok a vypoctovy objem. Rychlost
vysuvu nebyla zaddna, byla proto zvolena rychlost 10 mm/s, ktera je pro zadanou obvodovou
rychlost a posuv vice nez dostacujici. Objemovy pritok Cerpadla vychazi ze vztahi:

QE::Slo’U-nu:lii.TEB J
e
. 3
Vyi= Q =11.039 &2
1) Tev

Pro spocitané hodnoty bylo zvoleno axialni pistové cerpadlo pro otevieny obvod Rexroth
A18VZO18EZ400/10EVSC s parametry patrnymi z obrazku 27.

variable-speed drives | A10FZO; A10VZO; A10FZG; A10VZG Series 10 31
Technical data A10VZO size 3 to 45 controller program
Technical data A10VZO size 3 to 45
Size NG 6 8 10 18 28 45
Displacement, geometric, per revolution Ve max cm? 3.5 6 8 10.5 18 28 45
Rotational speed at Vg max
maximum?®
Suction speed operation as a pump? Mnom rpm 3600 3600 3600 3600 3300 3000 3000
Max. speed decompression operation? Mnom rpm 3600 3600 3600 3600 3300 3000 3000
Flow at npom and Ve max Qy I/min 12.6 21.6 28.8 38 59 84 135
Power and Ap = 250 bar P kW 5 10 15 16 S S S
Operation as a pump ang Ap = 315 bar P kW - - - - 34 39 44
at Npom, Vgmax
Torque at Vgmaxand Ap=250bar T Nm 14 24 32 42 - - -
at Vemaxand Ap=315bar T Nm = = = = 90 140 225
at Vomaxand Ap=100bar T Nm 6 9 13 17 29 45 72
Rotary stiffness of 5 c Nm/rad 8100 8100 8100 8100 - - -
drive shaft R c Nm/rad = = = = 14800 26300 41000
Moment of inertia for rotary group Jrw kgm?2 0.0006 0.0006 0.0006 0.0006 0.00093 0.0017 0.0033
Maximum angular acceleration?? a rad/s* 14000 14000 14000 14000 12600 11200 9500
Case volume Vv | 0.2 0.2 0.2 0.2 0.25 0.3 1.0
Weight without through drive (14N00, 12N0OO m kg 8 8 8 8 12 15 27
approx.)
Weight without through drive (22U00 approx.) m kg - - - - - - -
Weight with through drive (07K.., 12K..approx.) m kg 10.5 10.5 10.5 10.5 14 18 28
Weight with through drive (22U..approx.) m kg - - - - - - -

Obrazek 40: Ukazka katalogu ¢erpadel Rexroth [20]
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Potiebny ptikon elektromotoru je dan vztahem:

' _ 2.935 kW

C

P:= Qé'pp'

Zvolenym elektromotorem je 1AL132S-4 s vykonem 5.5 kW a nominalnimi ota€kami 1450
ot./min.

5.4.3. Navrh hydraulického agregatu a potrubi

Hydraulicky agregat se sklada z nadrZze a vika, na kterém se nachdzi fidici blok a ptirubovy
mezikus pro ¢erpadlo s elektromotorem.

Néadrz slouzi jako zasobnik kapaliny, musi pojmout dostatecny objem kapaliny pro zaplnéni
hydromotor. Objem potiebné kapaliny lze vypocist piiblizn€é jako 3 aZz 5 ti nasobek
objemového priutoku ¢erpadla.

l

min

V,=4-Q:=58.905
Skute¢ny objem navrzené nadrze je 60 L.

Ridici blok je ocelova kostka, do které jsou vyvrtany diry kolmo k na sebe tak, aby spole¢né
tvorili fidici ¢ast hydraulického obéhu. Priméry otvorii se musi shodovat s priméry otvora
v fidicich prvcich. Déle je kostka opatfena zavitovymi otvory pro ptipojky pro potrubi a hadice.
Na blok jsou poté upevnény prvky hydraulického systému. Dosedaci plochy na desce musi byt
brousené, aby bylo mozné obvod fadné utésnit. V dolni ¢asti kostky se nachazeji otvory pro
odtok z vratnych vétvi ob&hu. Na viku je také drzak pro filtr. Viko je k nadrzi ptichyceno
pomoci sady Sroubli a dosedaci plochy jsou utésnény pomoci tésniciho tmelu Loctite.
Elektromotor s ¢erpadlem jsou uchyceny k viku jednotky pies pfirubovy mezikus, ve kterém se
nachazi spojka pro pienos kroutictho momentu. Mezikus je k viku pfivaten. Cely agregat je
pomoci patek a sady Sroubli uchycen uvnitt sani zafizeni.

Obrazek 41: Nadrz s vikem
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Na kvadru se nachazi fidici a smérové prvky systému. kapalina do kvadru ptichdzi hydraulickou
hadici z Cerpadla a pted olejovy filtr uchyceny v drzaku. Prvnim prvkem v obvodu je
akumulétor o objemu 10 1, ktery slouzi jako zdroj energie pii piipadném vypadku cerpadla.
Jako druhy prvek se v ob&hu nachazi pojistny ventil, ktery propusti kapalinu zpét do nadrze pti
prekroceni kritického tlaku kapaliny, 11 MPa. Sila pfitlaku valeck je fizena pomoci
reduk¢niho ventilu. Smér toku kapaliny je fizen pomoci dvou smérovych 3/2 sedlovych ventila,
aby bylo mozné plnénim komor hydromotoru vysouvani a zasouvani pinoly. Dale se v ob&éhu
nachazi Skrtici ventily pro regulaci rychlosti vysuvu. Schéma hydraulického obvodu je vidét na
obrazku 30. Konkrétni prvky vybrané z katalogu firmy Bosch Rexroth jsou v pfiloze ¢. 8.

Obrazek 42: Hydraulicky agregat
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Obrazek 43: Hydraulické schéma

Pti volbé potrubi se vychazi z ptipustné rychlosti kapaliny v dané ¢asti obvodu. Pro vytlacné
potrubi je to 5-10 m/s, pro saci potrubi 0,5 — 1,5 m/s a pro odpadni potrubi 2—5 m/s. Vypocet
primért potrubi byl proveden v programu PTC Mathcad a je v ptiloze ¢. 8.

Pro vytlacné potrubi vySel vnitini primér potrubi 6,3 mm, resp. 1/2°¢, pro saci potrubi vnitini
prumér 16 mm, resp. 5/6°° a pro odpadni potrubi 8 mm, resp. 5/16°‘. Z katalogu firmy Parker
byla vybrana hydraulickd hadice typu 301SN, kterd je dostupnd ve vSech potiebnych
velikostech.

Hydraulické hadice jsou vedeny do stfedu sani stroje, kde se pomoci hydraulické T spojky
obvod rozdéluje do 2 ¢asti vedoucich k hydromotoriim stroje. Ve vratné vétvi se na stejném
misté proud kapaliny zase v T spojce slucuje. Spojky jsou ve stiedni ¢asti uloZzeny proto, aby
byly ob¢ potrubi vedouci do hydromotorii stejn€ dlouha, ztraty v potrubi tak stejné a stejné tak
ptitlacné sila véaleCk. Hadice jsou ke sténam sani ptfichycené pomoci klipi. Hadice dale
vychazeji ze sani otvory v krycich plechach bocnich stén sani, a otvory v pfirubach
k hydromotortim.
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Obrazek 44: UloZeni hydraulického obvodu

5.5. MKP analyza vedeni pinoly

5.5.1. Vstupni parametry
Pfedmétem simulace je sestava vysuvu hlavy valeCkovaciho zatizeni. Kontrola je provedena
pfi maximalnim vysunuti pinoly, piisobeni maximalni pfitlacné sily a maximalni sily od
pOSUVU.

Zdvih: Z =550 mm

Radialni sila na kladku: Fy = Fr = 120 kN
Axialni sila na kladku: Fx = Fa = 48 kN
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Obrazek 45: Puasobeni sil

Cilem prace je pevnostni kontrola sestavy, vySetieni priab&hti napéti a deformaci.

5.5.2. Definice ulohy

Pii idealizaci byla pro zjednoduSeni modelu odstranéna zaobleni, soucésti, Srouby a diry, které
nejsou pro analyzu potfebné a nijak ji neovliviiuji.

Obrazek 46: Idealizovany model
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Vypocet uloZeni lozisek nebylo cilem analyzy, proto byla kladka pevné spojena s osou tak, aby
byly dotykové plochy podobné.

Obrazek 47: Idealizovany model

Srouby a matice pienasejici zatizeni byly také odstranény, misto nich byly plochy pod nimi
rozdéleny a tim pfipraveny pro nahrazeni 1D prvky.

Obrazek 48: Idealizovany model
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Hydromotor a hirthovo ozubeni byli také odstranény a dale nahrazeny.

Obrazek 49: Idealizovany model

Na mistech, kde se prvky dotykaji byli stény rozdéleny pro jednodussi vytvoreni sité.

Obrazek 50: Detail na rozdélené plochy

5.5.3. Tvorba sité

Na soucasti byla pouzita tetraedrova sit’, u nékterych ploch byla pomoci ovladace sité¢ zjemnéna.
Pro vSechny soucasti byl pouzit pfeddefinovany material Steel z knihovny programu NX, ktera
mé modul pruznosti a poissonovo ¢islo podobné vétsing konstrukénich oceli.
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Obrazek 51: 3D sit’

Na vsechny dotykové plochy, které byly pfedem rozd€leny, bylo pouzita funkce propojeni sité
S volnym spojem.

Srouby byly nahrazeny 1D sitémi RBEAM s definovanym priimérem, matice, podlozky a
zavity propojenim 1D sité (bod na sténu) prvky RBE2.

Obrazek 52: Detail na nahrazené Srouby
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Hydromotor byl také nahrazen pomoci 1D sité stejn¢ jako pti nahrazovani Sroubd, primér prvku
byl nastaven na nejuzsi misto pistnice, 64 mm.

Obrazek 53: Nahrazeni hydromotoru

5.5.4. Okrajové podminky a kontakty

Hirthova spojka ma zaruCovat velmi tuhé spojeni, byla proto na sty¢nou plochu ozubeni pouzita
pevna vazba. Na spojeni prstence s té€lesem valce bylo pouzito spojeni plochy s plochou.

Obrazek 54: Upnuti

Na plochu simulyjici ptidavek na obrobeni byly pouzity sily podle zadani.

38



Zapadoceska univerzita v Plzni, Fakulta strojni Diplomové prace, akad. rok 2019/20
Konstrukce stroji a zafizeni Bc. Martin Beber

T A

AN
15

e

brz'lzek 55: Sily

Pro vSechny kontaktni plochy byl pouzit kontakt plochy na plochu, u nalisované kladky byl
nastaven piesah. Na nahrazené Srouby pak bylo pouzito ptfedepnuti Sroubli na potfebné hodnoty
vypoctené v programu KISSsoft, 55 kN u Sroubt upinajici hlavu na pinolu, a 17.5 kN u Sroubt
upeviujici viko s hydromotorem. Prvek nahrazujici hydromotor byl piedepnut tak, aby
simuloval pfitlacnou silu hydromotoru, tedy na 120 kN.

Obrazek 56: Okrajové podminky a kontakty

Pii véleckovani povrchi hiidelli se nepfedpokladaji velké dynamické ucinky a vyuziti
Vv krajnich pozicich se pfedpoklada jen vyjimecné, proto je problém fesen jako tiloha linearni
statiky.
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5.5.5. Vysledky MKP analyzy

Nejvyssi redukované napéti je 730 MPa v mistech dotyku nalisované osy, to ale neni
smérodatné, kvili zjednoduSeni ulozeni kladky. Hlavni hledané vysledky byly celkové posunuti
kladky a napéti ve vedeni pinoly.

Vysledek Valedkovac! zafizeni_sim2 : Solution 1
Subcase - Static Loads 1, Staticky krok 1

Posunuti - Uzlovy, Hodnota
Min : 0.000, Max : 1.856, Jednotky = mm
Deformace : Posunuti - Uzlovy Hodnota

. 1.856

w1701

1.547

1.392

1.237

1.083

0.928

0.773

0619

0.464

0.309

0.155
™ dois.

[mm:

Obrazek 57: Celkové posunuti

Vysledek Valetkovac! zafizeni_sim2 : Solution 1
Subcase - Static Loads 1, Staticky krok 1
Napéti - Prvkovy, Von-Mises

Min : 0.12, Max : 730.29, Jednotky = MPa
Deformace : Posunuti - Uzlovy Hodnota

324.82
! 297.77
270.73
243.68
216.64

189.59

162.54

135.50

108.45
. 81.41
l 54 .36
. 2‘7 32
s

| —

[MPa)

Obrazek 58: Priibéh napéti (Von mises) ve vedeni pinoly
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Vysladek Valeskovac! zafizen!_sim2 : Solution 1
Subcase - Static Loads 1, Staticky krok 1

Napeti - Prvkovy, Von-Mises

Min : 0.12, Max : 730.29, Jednotky = MPa
Deformace : Posunuti - Uzlovy Hodnota

28188
! 258.40
234.93
21145

187.97

164.50

= 14102
H

117.54

94.07

= 70.59

[MPa]

Obrazek 59: Pribéh napéti (Von mises) v pinole

Vyslodek Valotkovae! zafizeni_sim2 : Solution 1
Subcase - Static Loads 1, Staticky krok 1

Napeti - Prvkovy, Von-Mises

Min : 0.12, Max : 730.29, Jednolky = MPa
Deformace : Posunuti - Uzlovy Hoonota

l 453.64

== 415,87
378.10
34034
30257
264 80

; 227.04
189.27

151.50

1374
75.97
38.21

444 X
—

[MPa)

Obrazek 60: Pribéh napéti (Von mises) v nalisovani

41



Zapadoceska univerzita v Plzni, Fakulta strojni Diplomové prace, akad. rok 2019/20
Konstrukce stroju a zafizeni Bc. Martin Beber

Vysledek Valeckovac! zafizen/_sim2 : Solution 1
Subcase - Static Loads 1, Staticky krok 1
Napéti - Prvkovy, Von-Mises
Min : 0.12, Max : 730,29, Jednotky = MPa
Deformace : Posunuti - Uzlovy Hodnota
730.29
5= 660.45
608.61
547.77
486.93
426.09
[ =
365.25
r'!
30441
24357

. 182.73

121.89

61.05

ki

QL

[MPa)]

Obrazek 61: Priubéh napéti (Von mises) télesa hlavy

5.5.6. Vyhodnoceni MKP analyzy

Nejvyssi napéti vyslo 730 MPa v mistech nalisovani osy kladky a jejiho ulozeni, které bylo ale
velmi zjednoduseno a vysledky mohou byt zkreslené. Hledané vysledky pribéhu napéti ve
vedeni pinoly ukazali maximalni napéti ve vedeni 0,4, = 324.82 MPa, které se vyskytlo
v uzlech u zasitovani dér pro uchyceni ptiruby hydromotoru, coz stejné jako u nalisovani neni
smérodatny vysledek. Hledané Spicky ve vedeni pinoly dosahuji hodnoty 125 MPa a celkové
posunuti v misté pasobeni sil je 1,856 mm, respektive posunuti v ose y, 1,711 mm. Vedeni je z
oceli 12 050 (Re = 330 MPa) a pii pominuti napétovych $picek ve zjednodusenych mistech a
uvazovani maximalniho napéti g,,,, = 125 MPa lze konstatovat, ze pro danou bezpecnost
vyhovuje.

04 = 220 MPa (Rd = Re/k; k = 1.5)

Omax < Og
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5.6. Navrh nataceni valeCkovacich hlav

Nataceci mechanismus se sklada z véze, télesa vedeni pinoly, které ma v dolni ¢asti piirubu a
¢ep, hirthovy spojky a snekového soukoli.

Spojka s ¢elnim ozubenim neboli Hirthova spojka, zajistuje velmi tuhé spojeni a piesné
ustanoveni v poloze. Pocet poloh pievodovky je dan poétem zubt na véncich hirthova ozubeni.
Z katalogu firmy Rohm byl zvolen vénec o vnéjs§im priméru 400 mm se 120 ti zuby.
V programu PTC Mathcad bylo ozubeni zkontrolovano z hlediska mérného tlaku v ozubeni.

|

Obrizek 62: Rez nataecim mechanismem

5.6.1. Upnuti spojky

Piedpokladem spolehlivého upnuti je vyvozeni dostatecné upinaci sily vzhledem ke klopnym
momentim pusobicim na spojku. Vypoétena upinaci sila 280 kN je ve spojce vyvozena
talifovymi pruzinami. Na zaklad¢ prostorovych moznosti v oblasti spojky byly ureny vnéjsi a
vnitini primér pruziny. Pro zmenseni tuhosti pruziny pfi zachovani upinaci sily je pouZita sada
5 ti sériove uspotradanych pruzin. Tloust’ka pruzin byla navrzena v programu KISSsoft, zaroven
byla ur¢eno i pocatecni stlaceni pruZiny a maximalni sila pruZin pfi ptekondni zdvihu ktera ¢ini
323.3 kN. Vngjsi pramér pruzin je 400 mm, vnitini primér 200 mm a materialem pruzin je
pruzinova ocel X10CrNi 18-8.

Vnéjsi primér 400 mm
Vnitini praméer 202 mm
Tloustka 18 mm

Délka v nezatizeném stavu | 28 mm
Material X10CrNi 18-8

Tabulka 1: Parametry pruZin
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Obrazek 63: Sila a stlaceni talifovych pruzin

5.6.2. Zdvihaci mechanismus

Pro moznost vytoc€eni je nutné pfemoci silu vyvozenou pruzinami a tihu sestav vedeni pinoly a
valeckovaci hlavy, aby bylo dosazeno potfebného zdvihu pro rozpojeni spojky. Hodnota zdvihu
udavand vyrobcem je 4,7 mm. Zdvihaci sila je vyvozena ctyfmi hydraulickymi télisky po
obvodu spojky, které byly navrzeny a vypocteny v programu PTC Mathcad. Primeér
hydraulickych valci je 50 mm. Tlak kapaliny v hydraulickych téliscich je nakonec dan
vztahem:

v

=41.164 MPa

pi=
np-

Tento tlak musi zajistit hydraulicky agregat, jehoz navrzeni neni obsahem této prace. Agregat
muze byt stejné jako agregat pro hydraulicky obvod ptitlaku valeckid ulozen v sanich zatizeni.

Pruziny jsou ve spojce uchyceny pomoci zdvihaciho télesa, na kterém se v horni ¢asti nachazeji
pisty, a pfiruby ve spodni ¢asti, kterd je ke zdvihacimu télesu uchycena sadou Sroubti. Tyto
Srouby musi pfenaset silu pruzin a byly proto navrzeny v programu KISSsoft. Jedna se o sadu
14 ti Sroubti se zapustnou hlavu M10x20-10.9.
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Obrazek 64: Predepnuti Sroubii sestavy zdvihu

5.6.3. Oto¢ny mechanismus

Dalsi ¢ast spojky je jiz téleso vedeni pinoly, na jehoz ptirubovou ¢ast je uchycen druhy prstenec
hirthova ozubeni. Pfi zdviZzeni pomoci zdvihaciho mechanismu se téleso otac¢i na cepu
vsunutého do zdvihaciho télesa. Pfi ustanoveni télesa do polohy a uvolnéni zdvihu je potieba
prenést upinaci silu vyvozenou pruzinami. To zajist'uje dalsi ptiruba se sadou Sroubd, které byly
opét spocitany v programu KISSsoft. Pfiruba je zde uchycena stejnou sadou Sroubti M10x20-
10.9, hodnoty predepnuti se vSak lisi a jsou patrné z obrazku 66.

Oto¢ny pohyb je realizovan stejné¢ jako u valeCkovaci hlavy ru¢ng€, pomoci $nekového
mechanismu. Snekové kolo i $nek je zde valcovy. Valcové Snekové kolo umoziuje, aby byl
Snek upevnén ve vE€zi, posunuty vertikdlné o hodnotu zdvihu, a pfi zdvihnuti byl ve spravné
poloze.

Pre-load force [kN]

45.0—
40.0—
35.0
30.0
25.0-]
20.0-
15.0
10.0—

5.0

O | T 1
0 14.0 28.0 42.0 56.0 70.0
Tightening torque [Nm]

Obrazek 65: Predepnuti Sroubti pfiruby
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5.7. Navrh vedeni sani

Vedeni sani je na pozadavek zadavatele realizovano pomoci valivych jednotek po kalenych
vodicich plochach loze. Valivé jednotky neboli ,,tanky* musi byt navrzeny tak, aby vydrzely
zatizeni od pusobicich sil. Tanky jsou proto rozmistény tak, aby byly zachyceny sily v obou
smérech kolmych k vodicim plocham loze. Bylo pouZity 4 tanky pro horni plochu, 4 tanky pro
boc¢ni plochy a 8 tankt pro dolni plochy, které jsou zatizeny nejvice.

Pii vypocCtu zatizeni byly nejprve uréeny polohy tanki v soufadnicovém systému a polohy
pusobeni sil pro horni a dolni tanky ve sméru y (smér posuvu) byly transformovany vzhledem
ke stiedu pruznosti. Poté byly definované slozky sil a momentt ptisobici na jednotlivé sady
tankll a zatiZzeni v poCatku soufadnic. Néasledné byly definovany vektory zatizeni pfii
maximalnim vysunuti pinol a byly spocitany reakce tankt. Postup byl nejprve proveden pro
ptipad jednostranného valeckovani, pii kterém na rozdil od oboustranného valeckovani ptisobi
znacné zatizeni 1 na boc¢ni tanky. Poté byl postup zopakovan pro piipad oboustranného
valeckovani. Dale byly vyhodnoceny maximalni reakce v jednotkdch a urCena statickd
bezpecnost. Nakonec byly z katalogu firmy Schaeffler vybrany tanky typu RUS a spocitana
jejich dynamicka bezpec¢nost. Cely navrh vedeni je v ptiloze ¢. 14.

Pro horni plochy vedeni byly zvoleny RUS 26126, pro dolni a bo¢ni plochy pak tanky RUS
19105, pti¢emz boc¢ni tanky jsou 4 a dolnich tanki je 8 a jsou ustanoveny vzhledem k zna¢né
omezenému prostoru dolnich vodicich ploch za sebou.

Boc¢ni a dolni tanky jsou z hlediska moznosti montaze zafizeni na loze uchyceny k sanim
pomoci list, které jsou k sanim uchyceny sadou Sroubu. Jedna se o Srouby M24x35-12.9, 8
Srouby pro listu dolnich jednotek a 4 Sroubti pro listu bo¢nich jednotek.

Obrazek 66: Valivé jednotky
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5.8. Navrh posuvového mechanismu

Posuv zafizeni po lozi je realizovan pomoci pastorku a hfebene. Pfedepnuti je feSeno pomoci 2
servomotorQ v rezimu master — slave.

Kvili omezenému prostoru ve stiedové ¢asti loze by bylo velmi obtizné horizontdlni uloZeni
pohond mechanismu posuvu, aby bylo mozné pro posuv pouzit ptivodni hfeben na lozi. Pro
vertikalni ulozeni byly proto zvoleny pievodové skiiné firmy Wittenstein, které byly spolu se
servomotory umistény a piipevnény do dér ve stfedni ¢asti sani. Vedle pivodniho hiebenu je
pak tieba uchytit hfeben znacky Wittenstein INIRA, umoziujici velmi moderni a sofistikované
uchyceni.

Pfevodovka s pastorkem a pohon byly zvoleny pomoci softwaru Cyrex 5 firmy Wittenstein,
ktery po definovani zatézného profilu uréi idealni ptevodovku a motor ze sortimentu firmy a
generuje CAD data. Parametry posuvu nebyly zadany, proto byly zvoleny tak, aby byly
dostatecné. Zvolené parametry jsou patrné z tabulky 2. Vystup z navrhu je v piiloze ¢. 16.

| Parameter | Value
Total mass to be moved m 4000 kg
Max. process force Fe 48000 N
Max. gpeed Veay 0.26 mfs
Max. acceleration 8-z 1 ms?

Tabulka 2: Vstupni parametry posuvu

Obrazek 67: Posuvovy mechanismus Wittenstein
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5.9. Navrh chlazeni

Chlazeni ma byt realizovano strojnim olejem typu L, S, SU. Priitok oleje pii pfitlaéné sile do
do 100 kN ma byt 2 I/h a nad 100 kN 5 I/h. Tento pozadavek se splni ¢asteCnym uzitim
prostiedkli pro chlazeni néstroji pouzivané¢ho u horizontek. Do zdkladu se umisti agregat
s nadrzi o objemu 300 1 a kapalina je vedena pomoci rozvodu trubkou do odbérnych mist na
lozi. Kapalina je pak pomoci agregatu vedena do ohebné hadice s hubici upevnéné na stojanku,
ktery se upevni na pinolu v blizkosti kladky S proudem namifenym na misto dotyku valecku
s valeCkovanou plochou. Stojanek je s rozvodem na lozi spojen hadici.

Obrazek 68: Valeckovaci zarizeni
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6. Technickoekonomické hodnoceni a zavér

Cilem této prace byl konstrukéni ndvrh valeckovaciho zafizeni pro soustruh SR4000
spole¢nosti Skoda Machine Tool a.s. Uvodni &ast byla vénovana popisu zadaného tématu,
historii spole¢nosti Skoda Machine tool a.s. a hrotovym soustruhiim SR. Nasledovala reserse
technologie valeCkovani a analyza pozadavkli na konstrukci stroje urcené¢ho pro tuto
technologii. Dale bylo uvedeno konkuren¢ni feSeni vybrané sohledem na podobnost
se zadanymi parametry. Poté byly pozadavky a parametry na konstrukci zatizeni specifikovany.

Hlavni ¢asti prace byl konstrukéni navrh valeckovaciho zatizeni. Nejprve byl zvolen koncept
konstruk¢niho feSeni. Byl navrzen tvar valecka a jeho uloZeni na ose oto¢né vale¢kovaci hlavy.
Ulozeni bylo navrzeno ve tfech riznych variantich a po jejich porovnani byla vybrana ta
nejlepsi. Dale bylo navrzen mechanismus pro otdCeni valeCkovaci hlavy a spocteny Srouby pro
jeji upnuti. Pro vysuv valeckovaci hlavy byla navrZzeno vedeni pinoly a hydromotor
S hydraulickym agregatem a obchem. Byly vypocteny Srouby pro uchyceni pfiruby
hydromotoru k télesu vedeni pinoly. V dalsi ¢asti byla provedena MKP analyza vedeni pinoly
pro zjisténi mérnych tlakli ve vedeni. Dale bylo navrzeno nataceni valeCkovacich hlav a upnuti
pomoci hirthovy spojky. Pro upnuti hirthovy spojky byly navrzeny a spocteny talifové pruziny
a dv¢ sady Sroubil. V posledni Casti feSeni bylo navrzeno a spocteno linearni vedeni sani
zatizeni pomoci valivych jednotek a navrzen posuvovy mechanismus.

Na trhu neni zafizeni, které¢ by alespon pfiblizné¢ splitovalo zadané parametry, konstrukéni
feSeni tohoto zatizeni je proto unikatni a porovnani ekonomickych nékladt s konkurenci neni
mozné. Cenu zatizeni by bylo mozné urcit po poptani cen vSech nakupovanych dilti a cen dilt
vyrobenych, to ale nebylo v ramci této prace provedeno.

Pozadované parametry zarizeni Navrzena konstrukce

Vileckovani pfi zastaveném posuvu Bezvilovy posuvny mechanismus

Valeckovani valcovych, kuzelovych,
radiusovych ploch a prechodt z valce na kuzel

Mechanismus pro nataéeni vale¢kovacich hlav
s hirthovou spojkou

Hydraulické fizeni pfitlaéné sily
Maximalni fizena pfitland sila 120 kN

Hydromotor s maximalni pfitlacnou silou 122 kN,
hydraulicky agregat s fidicim blokem

Celkova §itka zafizeni maximalné 4000 mm

Maximalni Sifka zafizeni je 3900 mm

Vyska osy soustruhu nad lozem 1400 mm

Vyska osy soustruhu nad loZzem je 1400 mm

Rozsah valeCkovanych pramért hiidelt 250 az
1200 mm

Rozsah valeCkovanych praméra hiidelu je 250 az
1200 mm

Tvrdost povrchu valeckd 62 HRC

Tvrdost povrchu valecku je 62 HRC

Tvareci valecek ustanoven 4-5 mm pied
vyhlazovacim

Misto dotyku tvaieciho valecku je posunuto o 4
mm pied mistem dotyku vyhlazovaciho valecku

Radius profilu tvafeciho valecku je 20 mm,
radius vyhlazovaciho vélecku je 100 mm

Radius profilu tvafeciho valecku je 20 mm, radius
vyhlazovaciho valecku je 100 mm

Prumér valec¢ka 150 az 200 mm

Primér véaleckd je 200 mm

Tabulka 3: Technické hodnoceni
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PRILOHA ¢&. 1

Zatizeni valeCku



Zatizeni kladky

1 Obrabéni valcovych a kuzelovych povrchii
fop:=0.4 ...soucinitel treni mezi kladkou a obrobkem
f,:=0.15 ...soucinitel tfeni ve vedeni
a:=30-deg ...Uhel mezi povrchem obrobku a osou pinoly
D, :=200-mm ...prémeér kladky
D:=1200-mm ...max. prmér obrabéni
d:=250-mm ...min. prlmér obrabéni
D— I
z:= d +25.-mm=0.5m ...zdvih pinoly
a:=z+D;+100-mm=0.8 m ...vylozeni kladky z vedeni pinoly
L:=1.0-a ...délka vedeni pinoly
L=08m Ki=—m=1
L

Fgr:=120-kN ...max. radialni sila kladky
Kpos=fop=0.4 ...S0UC. posuvove sily
F,:=Fp-k,,,=48 kN ...max. axialni sila kladky
Fy=F,=(4.8:10") N ...max. posuvova sila san
3 Spektrum zatizeni kladky

0,=0.5- 2

S
U, .
ny = =47.746 — ...otacky kladky
D, min
q:=[0.4 0.4 0.2] ...pomérna doba béhu
T,.:=4000-hr ...celkova doba béhu

F1:=[0 F, —Fp|=[0 48 —120] kN

F2:=[0 —F, —Fp]=[0 —48 —120] kN



PRILOHA ¢&. 3
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File
Name : kladka_b
Changed by: beber on: 20.07.2020 at: 08:53:33
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) -10.000
Length (mm) 160.000
Speed (1/min) 0.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 3.105
Weight of shaft, including additional masses (kg) 3.105
Mass moment of inertia (kg*mm?) 1254.100
Momentum of mass GD2 (Nm?2) 0.049
Label Shaft 2
Drawing
Initial position (mm) 15.000
Length (mm) 110.000
Speed (1/min) 50.00
Sense of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Temperature for load spectrum
No. Temperature (°C)
1 20.000
2 20.000
3 20.000
Weight of shaft (kg) 9.661
Weight of shaft, including additional masses (kg) 9.661
Mass moment of inertia (kg*m?) 0.053
Momentum of mass GD2 (Nm?) 2.084
Position in space (°) 0.000
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Consider deformations due to shearing

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

<

e

|
|

Figure: Load applications

Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 82.000mm
Diameter (mm) [d] 60.0000
Length (mm) [n 82.0000
Surface roughness (um) [RZ] 8.0000
Cylinder (Cylinder) 82.000mm ... 110.000mm
Diameter (mm) [d] 55.0000
Length (mm) [n 28.0000
Surface roughness (um) [RZ] 8.0000

Radius left (Radius left)
r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Cylinder (Cylinder) 110.000mm ... 160.000mm
Diameter (mm) [d] 50.0000
Length (mm) [1 50.0000
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Surface roughness (um) [RZ] 8.0000

Radius left (Radius left)
r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Bearing

Label in the model Support1

Bearing position (mm) [Yiokall
Degrees of freedom

X: fixedY: fixedZ: fixed

Rx: fixedRy: fixedRz: fixed

25.000

Label in the model Support2

Bearing position (mm) [Yiokall
Degrees of freedom

X: fixedY: fixedZ: fixed

Rx: fixedRy: fixedRz: fixed

Shaft definition (Shaft 2)

Outer contour

135.000
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Cylinder (Cylinder) 0.000mm ... 40.000mm
Diameter (mm) [d] 200.0000
Length (mm) 1] 40.0000
Surface roughness (um) [RZ] 8.0000
Radius left (Radius left)
r=20.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)
Radius right (Radius right)
r=20.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)
Cylinder (Cylinder) 40.000mm ... 59.000mm
Diameter (mm) [d] 150.0000
Length (mm) [n 19.0000
Surface roughness (um) [RZ] 8.0000
Radius left (Radius left)
r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)
Cone (Taper) 59.000mm ... 110.000mm

Diameter left (mm) [di] 150.0000
Diameter right (mm) [dy] 96.0000
Length (mm) [n 51.0000
Surface roughness (um) [RZ] 8.0000
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Inner contour
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Cylindrical bore (Cylinder inside) 0.000mm ... 40.000mm
Diameter (mm) [d] 130.0000
Length (mm) [n 40.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 40.000mm ... 53.000mm
Diameter (mm) [d] 130.0000
Length (mm) [n 13.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 53.000mm ... 55.000mm
Diameter (mm) [d] 110.0000
Length (mm) [n 2.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 55.000mm ... 67.000mm
Diameter (mm) [d] 64.0000
Length (mm) [n 12.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 67.000mm ... 79.000mm
Diameter (mm) [d] 78.0000
Length (mm) [n 12.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 79.000mm ... 110.000mm
Diameter (mm) [d] 80.0000
Length (mm) [n 31.0000
Surface roughness (um) [RZ] 8.0000
Forces
Type of force element Centric force
Label in the model Centric force1
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) 50000.0000 / 0.0001/ 0.0001
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force Z (Load spectrum) (N) -120000.0000 / -0.0001/ -0.0001
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 100.000 100.000 100.000
2 4.0000e+001 50.000 0.000 0.000
3 2.0000e+001 50.000 0.000 0.000

Type of force element

Label in the model

Position on shaft (mm) [Viocall
Length of load application (mm)
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Centric force

Centric force2
20.0000

0.0000



Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) -0.0001/ -50000.0000 /
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/
Shearing force Z (Load spectrum) (N) -0.0001/ -120000.0000 /
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 /
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 /
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 0.000 0.000 0.000
2 4.0000e+001 50.000 100.000 100.000 100.000
3 2.0000e+001 50.000 0.000 0.000 0.000
Type of force element Centric force
Label in the model Centric force3
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) 0.0000/ 0.0000 /
Shearing force X (load spectrum) (N) 0.0000/ 0.0000 /
Shearing force Z (Load spectrum) (N) -0.0000/ -0.0000 /
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 /
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 /
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 0.000 0.000 0.000
2 4.0000e+001 50.000 0.000 0.000 0.000
3 2.0000e+001 50.000 100.000 100.000 100.000
CONNECTIONS
SKF BS2-2312-2RS/VT143 (cbearing 1) 41.500mm
Shaft 'Shaft 1' <-> Shaft 'Shaft 2'
Set fixed bearing right
d= 60.000 (mm), D= 130.000 (mm), b= 53.000 (mm),r=2.100 (mm)
C = 325.000 (kN), CO = 335.000 (kN), Cu=36.000 (kN)
Ctheo = 324.915 (kN), COtheo = 334.926 (kN)
fC= 1.000 (kN), fCO=  1.000 (kN)
Calculation with approximate bearings internal geometry (*)
Z =8, Dpw = 97.812 (mm), Dw = 25.992 (mm)
Lwe = 25.370 (mm)
Diameter, external race (mm) [dol 123.157
Diameter, internal race (mm) [di] 72.519
Throat radius, external race (mm) [rol 63.282
Throat radius, internal race (mm) [ril 63.282

Bearing clearance

SKF NU 1010 ML (cbearing 2)

ISO 5753-1:2009 CO (52.50 um)

117.000mm

Shaft 'Shaft 1' <-> Shaft 'Shaft 2'
Free bearing

d= 50.000 (mm), D= 80.000 (mm), b =
C = 31.900 (kN), CO =
Ctheo = 31.896 (kN), COtheo =
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36.000 (kN), Cu =
35.998 (kN)

16.000 (mm), r =

4.300 (kN)

1.000 (mm)
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-0.0001
0.0000
-0.0001
0.0000
0.0000

32000.0000
0.0000
-40000.0000
0.0000
0.0000
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fC= 1.000 (kN), fCO=  1.000 (kN)
Calculation with approximate bearings internal geometry (*)

Z =14, Dpw = 62.829 (mm), Dw = 7.191 (mm)

Lwe = 9.177 (mm)

Diameter, external race (mm) [dol 70.043

Diameter, internal race (mm) [di] 55.615

Bearing clearance ISO 5753-1:2009 CO (45.00 um)
SKF 81111 TN (cbearing_ax) 90.000mm

Shaft 'Shaft 1' <-> Shaft 'Shaft 2'

Set axial bearing left

d= 55.000 (mm), D= 78.000 (mm), b= 16.000 (mm),r= 0.600 (mm)
C = 69.500 (kN), CO= 285.000 (kN), Cu= 29.000 (kN)

Ctheo = 69.457 (kN), COtheo = 285.000 (kN)

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

Calculation with approximate bearings internal geometry (*)

Z =35, Dpw = 67.311 (mm), Dw = 5.930 (mm)

Lwe = 6.241 (mm)

Diameter, external race (mm) [do] 73.553
Diameter, internal race (mm) [di] 61.070
Bearing clearance 0.00 pm

Results

Note: the maximum deflection and torsion of the shaft under torque,
the life modification factor alSO, and the bearing's thinnest lubricant film thickness EHL, are
predefined for the first load bin.

Shaft

Maximum deflection 357.327 (um) (Shaft 2 pos = 15.000 mm)

Mass center of gravity
Shaft 1 (mm) 73.499
Shaft 2 (mm) 40.998

Total axial load
Shaft 1 (N) 0.000
Shaft 2 (N) 32000.000

Torsion under torque

Shaft 1 (°) -0.000

Shaft 2 (°) 0.000

Bearing

Probability of failure [n] 10.00 %
Axial clearance [ual 10.00 um
Lubricant Qil: ISO-VG 220

Lubricant - service temperature [TBl 20.00 °C

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Bearing "Support1’
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Position (Y-coordinate)

Bearing reaction force

Fx (kN) Fy (kN)
1 0.000 -18.960
2 -0.000 39.510
3 -0.000 12.134

Shaft 'Shaft 1' Bearing 'Support2’
Position (Y-coordinate)

Bearing reaction force

Fx (kN) Fy (kN)
1 -0.000 -31.040
2 0.000 10.489
3 0.000 -19.866

Rolling bearing ‘cbearing 1'
Position (Y-coordinate)
Basic bearing rating life

Minimum EHL lubricant film thickness

Static safety factor
Operating bearing clearance
Reference rating service life

Bearing reaction force

Fx (kN) Fy (kN)
1 -0.003 0.000
2 0.000 -49.999
3 0.000 0.000

Rolling bearing ‘cbearing 2'
Position (Y-coordinate)
Basic bearing rating life

Minimum EHL lubricant film thickness

Static safety factor
Operating bearing clearance
Reference rating service life

Bearing reaction force

Fx (kN) Fy (kN)
1 0.003 0.000
2 -0.000 0.000
3 -0.000 0.000

Rolling bearing ‘cbearing_ax’
Position (Y-coordinate)
Basic bearing rating life

Minimum EHL lubricant film thickness

Static safety factor
Operating bearing clearance
Reference rating service life
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[yl

Fz (kN)
106.765
109.598
35.023

[yl

Fz (kN)
13.360
10.528
5.103

[yl

[Lnn]
[hminl
[Sol
[Pd]
[Lnrhl

Fz (kN)

-112.922
-130.261
-33.950

[yl

[Lnn]
[hminl
[Sol
[Pd]
[Lnrhl

Fz (kN)
7173
10.166
-6.145

[yl

[Lnn]
[hminl
[Sol
[Pd]
[Lnrhl

Fr (kN)

106.765

109.598
35.023

Fr (kN) Mx (Nm) My (Nm)
13.360 -806.404 -0.000
10.528 -577.665 -0.000

5.103 -319.597 -0.000

41.50 mm
2340.01 h
0.226 um
1.52
52.500 um
3996.18 h

Fr (kN) Mx (Nm) My (Nm)
112.922 0.000 0.000
130.261 0.000 0.000

33.950 0.000 0.000
117.00 mm
26805.82 h
0.153 um
3.54
45.000 um
2929732 h

Fr (kN) Mx (Nm) My (Nm)
7.173 4.031 0.000
10.166 10.963 0.000
6.145 1.668 0.000
90.00 mm
224217 h
0.128 um
5.70
0.000 um
364.12 h

25.00 mm

Bearing reaction moment

Mx (Nm) My (Nm)
1742.184 0.000
1825.162 0.000

563.673 0.000
135.00 mm

Bearing reaction moment

Bearing reaction moment

Bearing reaction moment
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Mz (Nm)
-0.014

0.000

0.001

Mz (Nm)
-0.040

0.000

0.002

Mz (Nm)
0.000
0.000
0.000

Mz (Nm)

0.001
-0.000
-0.000

Mr (Nm)
1742.184
1825.162

563.673

Mr (Nm)
806.404
577.665
319.597

Mr (Nm)
0.000
0.000
0.000

Mr (Nm)
4.031
10.963
1.668
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Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm) Mr (Nm)
1 0.000 50.000 0.000 0.000 1316.158 0.000 0.226 1316.158
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 32.000 0.000 0.000 720.871 0.000 -0.011 720.871

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

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

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

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

Damage (%) [Lreq] (  20000.000)
Binno B1 B2 B3

1 70.77 16.60 800.75

2 783.28 53.06 0.80

3 0.64 4.95 90.45

z 854.70 7461  891.99

Utilization (%) [Lreq] (  20000.000)
B1 B2 B3

190.35 9159 192.80

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

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

B1: cbearing 1 (Connecting rolling bearing)
B2: cbearing 2 (Connecting rolling bearing)
B3: cbearing_ax (Connecting rolling bearing)

Components - Y-component

\ Components - Arbitrary plane

E 1 N
0.07 — \
i)
g | —l | N
0
0 \
L]
— N
[ -0.07 7|
n
Ial
A
-0.14 — 1 1
-0.21 T
| /
-0.2871 @ beee——— — /
SRR B B LI LN L NN NI L B
Q Q Q Q Q Q Q Q
) o © ) ,\’0 N‘L ,\’bo

Axial direction Y [mm]

Figure: Deformation (bending etc.) (Arbitrary plane 270.0012087 121)
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300 — Equivalent stress (GEH)

Equivalent stress (SSH)
270

240 T

210 =} M

180 —

150 =

Stress [N/mm?]

120 =

/4

90 —

60

30 —

| |
S TR B O ol

Axial diregtiion Y |[mm]

Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)*2)/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2

Figure: Equivalent stress
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Strength calculation according to DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Shaft 1

Material 18CrNiMo7-6

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

Calculation of service strength and static strength
S-N curve (Woehler line) according Miner elementary

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

Results:

Cross section Kfb Kfs K2d Sz SS SA
A-A 1.60 0.86 0.87 7.11 6.68 10.82
B-B 2.74 1.00 0.86 4.94 7.39 8.66
Cc-C 1.58 0.86 0.87 8.87 13.03 22.50
D-D 1.00 0.86 0.87 11.40 7.08 22.75
E-E 2.73 1.00 0.87 4.95 11.27 13.28
Required safeties: 1.20 1.20 1.20
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100 M pRbLERA DA

70 —

60 —

50 —

40 —

Utilization [%]

10 =

Utilization = Smin/S (%)

Figure: Strength

Calculation details

General statements

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

Reference diameter material (mm)

oB according to DIN 743 (at dB) (N/mm?)
oS according to DIN 743 (at dB) (N/mm?)
[ozdW] (bei dB) (N/mm?)

[obW] (bei dB) (N/mm?)

[1tW]  (bei dB) (N/mm?)

Thickness of raw material (mm)
[oBRand] (N/mm?)

Service strength for a load spectrum

S-N curve (Woehler lines) according to Miner elementary according to FKM guideline
20000.00
0.000

Required life time
Number of load cycles (Mio)
Data of S-N curve (Woehler line) analog to FKM standard:

[ko, k1] 15
[kDao, kD] 0
[NDo, ND1] 1e+006 1

11/21

[dB]
(o8]
[0S]

[dWerkst]

(H]
(NL]

25
0
e+006

Utilization - static

Utilization - endurance

16.00
1200.00
850.00
480.00
600.00
360.00
65.00
2300.00

KISSsoft
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[NDoll, NDTlI] 0 0
Calculation for load case 2 (o.av/o.mv = const)
Cross section 'A-A’' Shoulder
Comment Y= 82.00mm
Position (Y-Coordinate) (mm) [yl 82.000
External diameter (mm) [da] 55.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder
[D, r, t] (mm) 60.000 2.000 2.500
Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 18959.764 898.601 -0.000 6174.150
2 4.0000e+001 10488.770 448.271 0.000 20681.194
3 2.0000e+001 12134.249 396.406 -0.000 1054.610
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 7.980 0.000 -0.000
[ozda, aba, Ta, T9a] (N/mm?) 0.000 55.015 0.000
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) 13.566 93.525 0.000

Surface stabilization factor [KV]
Total influence coefficient K]

Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK]
Permissible amplitude (N/mm?) [cADK]
Permissible amplitude (N/mm?) [cANK]
Effective Miner sum [DM]
Load spectrum factor [fKoll]
Safety against fatigue [S]
Required safety against fatigue [Smin]
Result (%) [S/Smin]

Present safety
for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK]
Safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Present safety

Tension/Compression Bending Torsion

1.000 1.000 1.000
1.891 2.005 1.542

213.666  251.929 196.515

0.090  246.827 0.090
0.142  391.195 0.118
0.300 0.300 0.300
1.000 1.000 1.000
7111
1.200
592.6

715.457 715457  413.069
6.681
1.200
556.7

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S]
Required safety [Smin]
Result (%) [S/Smin]

12/21

10.821
1.200
901.7

0.000
11.606
19.731
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Cross section 'B-B’ Interference fit

Comment

Position (Y-Coordinate) (mm) [yl 55.000

External diameter (mm) [da] 60.000

Inner diameter (mm) [di] 0.000

Notch effect Interference fit
Characteristics: Firm interference fit

Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 18959.764 1065.224 0.000 6168.287

2 4.0000e+001 10488.770 1006.584 0.000 20675.331

3 2.0000e+001 12134.249 367.852 0.000 1060.473
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 6.706 0.000 0.000 0.000
[ozda, aba, Ta, T9a] (N/mm?) 0.000 50.233 0.000 9.750
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) 11.400 85.396 0.000 16.575

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.710 2.710 1.800
[dB] (mm) = 40.0

Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 2.744 3.186 2.105

Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 147.247 158.506 143.941
Permissible amplitude (N/mm?) [cADK] 0.107 156.725 0.107
Permissible amplitude (N/mm?) [cANK] 0.169 248.392 0.141
Effective Miner sum [DM] 0.300 0.300 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 4,945

Required safety against fatigue [Smin] 1.200

Result (%) [S/Smin] 412.1

Present safety
for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 715.457 715.457 413.069
Safety yield stress [S] 7.391

Required safety [Smin] 1.200

Result (%) [S/Smin] 616.0

Present safety
for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 8.660
Required safety [Smin] 1.200
Result (%) [S/Smin] 721.7
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Cross section 'C-C' Shoulder
Comment

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

Inner diameter (mm)

Notch effect

[D, r, t] (mm)

Mean roughness (um)

Y=110.00mm

55.000

[yl 110.000

[da] 50.000

[di] 0.000
Shoulder

2.000 2.500

[Rz] 8.000

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

KISSsoft
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No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 -31040.236 590.504 0.000 6179.259

2 4.0000e+001 10488.770 130.874 0.000 20686.303

3 2.0000e+001 -19865.751 295.007 0.000 1049.501
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -15.809 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 48.119 0.000 14.047
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) -26.875 81.802 0.000 23.880

Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Present safety

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

Tension/Compression Bending Torsion

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'D-D' Smooth shaft

Comment
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[S]
[Smin]
[S/Smin]

1.000 1.000 1.000
1.872 1.969 1.523
215.827  256.477 198.908
-0.114  269.346 198.908
-0.181 426.884  262.211
0.300 0.300 0.300
1.000 1.000 1.000
8.871
1.200
739.3
715457 715457  413.069
13.026
1.200
1085.5
22.497
1.200
1874.7



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

Mean roughness (um) [Rz]

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

91.333
55.000
0.000
Smooth shaft
8.000

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 18959.764 840.968 0.000 6175.853
2 4.0000e+001 10488.770 255.239 0.000 20682.897
3 2.0000e+001 12134.249 406.241 0.000 1052.907
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 7.980 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 51.486 0.000
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) 13.566 87.527 0.000
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0.000
11.607
19.733

Tension/Compression Bending Torsion

Surface stabilization factor [KV] 1.000
Total influence coefficient K] 1.162
Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 347.567
Permissible amplitude (N/mm?) [cADK] 0.090
Permissible amplitude (N/mm?) [cANK] 0.142
Effective Miner sum [DM] 0.300
Load spectrum factor [fKoll] 1.000
Safety against fatigue [S]

Required safety against fatigue [Smin]

Result (%) [S/Smin]

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 715.457
Safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Present safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S]
Required safety [Smin]
Result (%) [S/Smin]

Cross section 'E-E' Interference fit

Comment

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

Notch effect
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[yl
[da]
[di]

1.000 1.000
1.316 1.241
383.801 244212
370.338 0.090
586.946 0.118
0.300 0.300
1.000 1.000
11.400
1.200
950.0
715457  413.069
7.077
1.200
589.8
22.751
1.200
1895.9
120.000
50.000
0.000

Interference fit



Characteristics: Firm interference fit
Mean roughness (um) [Rz]

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 -31040.236 652.304 0.000 6180.767
2 4.0000e+001 10488.770 337.745 0.000 20687.811
3 2.0000e+001 -19865.751 284.520 0.000 1047.993
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -15.809 0.000 0.000
[ozda, aba, Ta, T9a] (N/mm?) 0.000 53.155 0.000
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) -26.875 90.363 0.000

8.000
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0.000
14.048
23.882

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.710 2.710
[dB] (mm) = 40.0

Surface stabilization factor [KV] 1.000 1.000
Total influence coefficient K] 2.729 3.124
Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 148.072 161.648
Permissible amplitude (N/mm?) [cADK] -0.119 165.940
Permissible amplitude (N/mm?) [cANK] -0.188 262.998
Effective Miner sum [DM] 0.300 0.300
Load spectrum factor [fKoll] 1.000 1.000
Safety against fatigue [S] 4,948
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 4123
Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 715.457 715.457
Safety yield stress [S] 11.269
Required safety [Smin] 1.200
Result (%) [S/Smin] 939.1
Present safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 13.277
Required safety [Smin] 1.200
Result (%) [S/Smin] 1106.4
Shaft 2

Material C45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened
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1.800

1.000
2.069

146.446
146.446
193.053
0.300
1.000

413.069



Surface treatment No

Calculation of service strength and static strength

S-N curve (Woehler line) according Miner elementary

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

Results:

Cross section Kfb
F-F 2.65
G-G 2.05
H-H 2.05

Required safeties:

100 M pRbLERA DA
90
80 —

70 —

60 —

Utilization [%]
o
=)
]

Kfo

0.92
1.00
1.00

40 —
30 T
20 — \
10 — \L :
- :
0 [T T LI
° o o
SIS BN,

Utilization = Smin/S (%)

Figure: Strength

Calculation details

General statements
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K2d V4 SS
0.80 14.11 35.13
0.80 17.01 32.68
0.80 74.06 116.53
1.20 1.20

Utilization - static

Utilization - endurance



Material
Material type
Material treatment
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C45 (1)
Through hardened steel
unalloyed, through hardened

Surface treatment No

Reference diameter material (mm) [dB] 16.00
oB according to DIN 743 (at dB) (N/mm?) [oB] 700.00
oS according to DIN 743 (at dB) (N/mm?) [0S] 490.00
[ozdW] (bei dB) (N/mm?) 280.00
[obW] (bei dB) (N/mm?) 350.00
[1tW]  (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 210.00
[oBRand] (N/mm?) 628.00

Service strength for a load spectrum

S-N curve (Woehler lines) according to Miner elementary according to FKM guideline

Required life time
Number of load cycles (Mio)

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

[ko, k1]
[kDa, kD]
[NDo, NDT]
[NDaoll, NDll]

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

Cross section 'F-F' Shoulder

Comment

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

Notch effect

[D, r, t] (mm)

Mean roughness (um)

[H] 20000.00
[NL] 60.000
5 8
0 0
1e+006 1e+006
0 0
Y= 40.00mm
vl 40.000
[da] 150.000
[di] 130.000
Shoulder
200.000 2.000 25.000
[Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 -50000.000 876.671 0.000 7133.979

2 4.0000e+001 0.000 642.503 0.000 10205.658

3 2.0000e+001 -32000.000 342.787 0.000 6105.500
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -11.368 0.000 0.000 0.000
[ozda, aba, Ta, T9a] (N/mm?) 0.000 6.071 0.000 4.625
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) -19.326 10.320 0.000 7.863

Tension/Compression Bending Torsion

Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 3.101 3.403 2.376

Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 64.045 72.946 62.688
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Permissible amplitude (N/mm?) [cADK] -0.082 85.665 62.688
Permissible amplitude (N/mm?) [cANK] -0.082 85.665 62.688
Effective Miner sum [DM] 1.000 1.000 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 14.111

Required safety against fatigue [Smin] 1.200

Result (%) [S/Smin] 1175.9

Present safety
for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 349.283 384.212 175.356
Safety yield stress [S] 35.126

Required safety [Smin] 1.200

Result (%) [S/Smin] 2927 1

Cross section 'G-G'Interference fit

Comment

Position (Y-Coordinate) (mm) [yl 48.500

External diameter (mm) [da] 150.000

Inner diameter (mm) [di] 130.000

Notch effect Interference fit
Characteristics: Firm interference fit

Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 -50000.000 937.322 0.000 7136.850
2 4.0000e+001 0.000 555.767 0.000 10202.787
3 2.0000e+001 -32000.000 394.695 0.000 6108.372
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -11.368 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 6.491 0.000
[ozdmax,cbmax,Tmax,Tqmax] (N/mm?2) -19.326 11.034 0.000
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0.000
4.624
7.860

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 1.993 1.993 1.297
[dB] (mm) = 40.0

Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 2.049 2.561 1.637

Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 96.924 96.924 90.983
Permissible amplitude (N/mm?) [cADK] -0.079 110.387 90.983
Permissible amplitude (N/mm?) [cANK] -0.079 110.387 90.983
Effective Miner sum [DM] 1.000 1.000 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 17.007

Required safety against fatigue [Smin] 1.200
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Result (%)

Present safety

for proof against exceed of yield point:
Yield stress of part (N/mm?)

Safety yield stress

Required safety

Result (%)

Cross section 'H-H' Interference fit

Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Characteristics:
Mean roughness (um)

[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]
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1417.2

303.725  334.097 175.356

32.677
1.200
2723.1
vl 38.758
[da] 200.000
[di] 130.000

Interference fit

Firm interference fit
[Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N)
1 4.0000e+001 -50000.000 867.809
2 4.0000e+001 0.000 655.184
3 2.0000e+001 -32000.000 335.202

Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?)
[ozda, aba, Ta, T9a] (N/mm?)

[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)

Notch effect coefficient
[dB] (mm) = 40.0
Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:
Yield stress of part (N/mm?)

Safety yield stress
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[3(dB)]

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]

Bending (Nm) Torsion (Nm)  Shearing (N)

0.000 7132.247
0.000 10207.389
0.000 6103.769

-2.756 0.000 0.000 0.000
0.000 1.345 0.000 1.093
-4.685 2.287 0.000 1.858

Tension/Compression Bending Torsion

1.993 1.993 1.297
1.000 1.000 1.000
2.049 2.561 1.637

96.924 96.924 90.983
-0.326 99.615 90.983
-0.326 99.615 90.983

1.000 1.000 0.300
1.000 1.000 1.000
74.062

1.200
6171.8

303.725  334.097 175.356
116.530
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Required safety [Smin] 1.200
Result (%) [S/Smin] 9710.8
End of Report lines: 970
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File
Name : kladka_2
Changed by: beber on: 20.07.2020 at: 08:27:49
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) -25.000
Length (mm) 160.000
Speed (1/min) 0.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 2.533
Weight of shaft, including additional masses (kg) 2.533
Mass moment of inertia (kg*mm?) 929.737
Momentum of mass GD2 (Nm?2) 0.036
Label Shaft 2
Drawing
Initial position (mm) 0.000
Length (mm) 110.000
Speed (1/min) 50.00
Sense of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Temperature for load spectrum
No. Temperature (°C)
1 20.000
2 20.000
3 20.000
Weight of shaft (kg) 10.524
Weight of shaft, including additional masses (kg) 10.524
Mass moment of inertia (kg*m?) 0.055
Momentum of mass GD2 (Nm?) 2.154
Position in space (°) 0.000
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Consider deformations due to shearing

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

_____ TT
I~
T |-
XX
1 |-
- “:_///
_____ TT
I~
T -
4y
P
1 [L-
""" :_///

Figure: Load applications

Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 72.000mm
Diameter (mm) [d] 60.0000

Length (mm) [n 72.0000

Surface roughness (um) [RZ] 8.0000

Cylinder (Cylinder) 72.000mm ... 82.750mm
Diameter (mm) [d] 52.0000

Length (mm) [n 10.7500

Surface roughness (um) [RZ] 8.0000

Cylinder (Cylinder) 82.750mm ...  160.000mm
Diameter (mm) [d] 40.0000

Length (mm) [n 77.2500

Surface roughness (um) [RZ] 8.0000

Bearing
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Label in the model

Bearing position (mm)
Degrees of freedom

X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed

Support1

[Yiokall 25.000

Label in the model

Bearing position (mm)
Degrees of freedom

X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed

Shaft definition

Support2

[Yiokall 135.000

(Shaft 2)

Outer contour

Cylinder (Cylinder)

0.000mm ...

KISSsoft
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40.000mm

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

Radius left (Radius left)

200.0000
40.0000
8.0000

r=20.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Radius right (Radius right)

r=20.00 (mm), Rz=8.0, Machined (Ra=3.2um/125uin)

Cylinder (Cylinder)

40.000mm ...

59.000mm

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

Radius left (Radius left)

150.0000
19.0000
8.0000

r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Cone (Taper)

59.000mm ...

110.000mm

Diameter left (mm) [di]
Diameter right (mm) [dy]
Length (mm) 1]
Surface roughness (um) [Rz]

Inner contour

Cylindrical bore (Cylinder inside)

150.0000
96.0000
51.0000

8.0000

0.000mm ...

40.000mm

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

Cylindrical bore (Cylinder inside)

130.0000
40.0000
8.0000

40.000mm ...

46.000mm
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Diameter (mm) [d] 130.0000
Length (mm) [n 6.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 46.000mm ... 47.000mm
Diameter (mm) [d] 110.0000
Length (mm) [n 1.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 47.000mm ... 75.750mm
Diameter (mm) [d] 80.0000
Length (mm) [n 28.7500
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 75.750mm ... 77.000mm
Diameter (mm) [d] 72.0000
Length (mm) [n 1.2500
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylindrical bore) 77.000mm ... 91.000mm
Diameter (mm) [d] 44.0000
Length (mm) [n 14.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylindrical bore) 91.000mm ... 110.000mm
Diameter (mm) [d] 70.0000
Length (mm) [n 19.0000
Surface roughness (um) [RZ] 8.0000
Forces
Type of force element Centric force
Label in the model Centric force1
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) 50000.0000 / 0.0001/ 0.0001
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force Z (Load spectrum) (N) -120000.0000 / -0.0001/ -0.0001
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 100.000 100.000 100.000
2 4.0000e+001 50.000 0.000 0.000 0.000
3 2.0000e+001 50.000 0.000 0.000 0.000
Type of force element Centric force
Label in the model Centric force2
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) -0.0001/ -50000.0000 / -0.0001
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000

4/21



KISSsoft

Drivetrain Design Solutions

Shearing force Z (Load spectrum) (N) -0.0001/ -120000.0000 /
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 /
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 /
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 0.000 0.000 0.000
2 4.0000e+001 50.000 100.000 100.000 100.000
3 2.0000e+001 50.000 0.000 0.000 0.000
Type of force element Centric force
Label in the model Centric force3
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) 0.0000/ 0.0000 /
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/
Shearing force Z (Load spectrum) (N) -0.0000/ -0.0000 /
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 /
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 /
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 0.000 0.000 0.000
2 4.0000e+001 50.000 0.000 0.000 0.000
3 2.0000e+001 50.000 100.000 100.000 100.000
CONNECTIONS
SKF 22312 EK/VA405 (cbearing 1) 23.000mm
Shaft 'Shaft 1' <-> Shaft 'Shaft 2'
Set fixed bearing right
d= 60.000 (mm), D= 130.000 (mm), b= 46.000 (mm),r=2.100 (mm)
C = 325.000 (kN), CO = 335.000 (kN), Cu=36.000 (kN)
Ctheo = 324.909 (kN), COtheo = 334.916 (kN)
fC= 1.000 (kN), fCO=  1.000 (kN)
Calculation with approximate bearings internal geometry (*)
Z =9, Dpw = 97.812 (mm), Dw = 26.212 (mm)
Lwe = 22.428 (mm)
Diameter, external race (mm) [dol 123.371
Diameter, internal race (mm) [di] 72.306
Throat radius, external race (mm) [rol 63.392
Throat radius, internal race (mm) [ril 63.392

Bearing clearance

SKF 81208 TN (cbearing_ax)

ISO 5753-1:2009 CO (52.50 um)

100.500mm

Shaft 'Shaft 1' <-> Shaft 'Shaft 2'
Set axial bearing left

d= 40.000 (mm), D= 68.000 (mm),b= 19.000 (mm), r =
C= 83.000 (kN), CO= 255.000 (kN), Cu= 26.500 (kN)

Ctheo = 83.053 (kN), COtheo = 255.000 (kN)
fC= 1.000 (kN), fCO=  1.000 (kN)

Calculation with approximate bearings internal geometry (*)
54.659 (mm), Dw =

Z =15, Dpw =
Lwe = 8.869 (mm)
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8.713 (mm)

-0.0001
0.0000
0.0000

32000.0000
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0.0000



KISSsoft

Drivetrain Design Solutions

Diameter, external race (mm) [dol 63.528

Diameter, internal race (mm) [di] 45.790

Bearing clearance 0.00 pm

SKF 6208 (cbearing 2) 66.750mm

Shaft 'Shaft 1' <-> Shaft 'Shaft 2'

Free bearing

d= 40.000 (mm), D= 80.000 (mm), b= 18.000 (mm),r=1.100 (mm)
C = 32.500 (kN), CO= 19.000 (kN), Cu= 0.800 (kN)

Ctheo = 32.532 (kN), COtheo = 18.976 (kN)

fC= 1.000 (kN), f{CO=  1.000 (kN)

Calculation with approximate bearings internal geometry (*)

Z =8, Dpw = 60.012 (mm), Dw = 13.273 (mm)

Diameter, external race (mm) [do] 73.291

Diameter, internal race (mm) [di] 46.733

Throat radius, external race (mm) [rol 7.034

Throat radius, internal race (mm) [ril 6.902

Bearing clearance ISO 5753-1:2009 CO (13.00 um)
Axial clearance Pe =185.31 um

Results

Note: the maximum deflection and torsion of the shaft under torque,
the life modification factor alSO, and the bearing's thinnest lubricant film thickness EHL, are
predefined for the first load bin.

Shaft

Maximum deflection 332.359 (um) (Shaft 2 pos = 0.000 mm)

Mass center of gravity
Shaft 1 (mm) 64.541
Shaft 2 (mm) 43.630

Total axial load
Shaft 1 (N) 0.000
Shaft 2 (N) 32000.000

Torsion under torque

Shaft 1 (°) -0.000

Shaft 2 (°) 0.000

Bearing

Probability of failure [n] 10.00 %
Axial clearance [ual 10.00 um
Lubricant Qil: ISO-VG 220

Lubricant - service temperature [TBl 20.00 °C

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Bearing "Support1’
Position (Y-coordinate) [yl 25.00 mm
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Bearing reaction force

Fx (kN) Fy (kN)
1 0.038 -5.975
2 0.000 43.571
3 0.017 -3.824

Shaft 'Shaft 1' Bearing 'Support2’
Position (Y-coordinate)

Bearing reaction force

Fx (kN) Fy (kN)
1 -0.038 -44.025
2 -0.000 6.429
3 -0.017 -28.176

Rolling bearing ‘cbearing 1'
Position (Y-coordinate)

Basic bearing rating life

Minimum EHL lubricant film thickness
Static safety factor

Operating bearing clearance
Reference rating service life

Bearing reaction force

Fx (kN) Fy (kN)
1 -0.178 0.000
2 -0.002 -50.000
3 -0.079 0.000

Rolling bearing ‘cbearing_ax’
Position (Y-coordinate)

Basic bearing rating life

Minimum EHL lubricant film thickness
Static safety factor

Operating bearing clearance
Reference rating service life

Bearing reaction force

Fx (kN) Fy (kN)
1 0.000 50.000
2 0.000 0.000
3 0.000 32.000

Rolling bearing ‘cbearing_2'
Position (Y-coordinate)

Basic bearing rating life

Minimum EHL lubricant film thickness
Spin to roll ratio

Static safety factor

Operating bearing clearance
Reference rating service life

Bearing reaction force
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Bearing reaction moment

Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm)
108.226 108.226 2039.524 0.000 2.656
112.057 112.057 1771.904 0.000 0.013

35.637 35.637 716.007 0.000 1.164
[yl 135.00 mm
Bearing reaction moment
Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm)
11.902 11.902 -943.261 -0.000 -6.831
8.072 8.072 -254.282 -0.000 -0.012
4.491 4.491 -404.454 -0.000 -3.006
[yl 23.00 mm
[Lnh] 2396.62 h
[hmin] 0.228 pm
[Sol 1.53
[Pd] 52.500 um
[Lnrhl 448256  h
Bearing reaction moment
Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm)
-110.320 110.320 0.000 0.000 0.000
-128.260 128.260 0.000 0.000 0.000
-34.475 34.475 0.000 0.000 0.000
[yl 100.50 mm
[Lnnl 404885 h
[hmin] 0.128 pm
[Sol 5.10
[Pd] 0.000 um
[Lnrhl 243535 h
Bearing reaction moment

Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm)

0.000 0.000 785.540 0.000 7.785

0.000 0.000 0.000 0.000 0.000

0.000 0.000 363.916 0.000 3.424

[yl 66.75 mm
[Lnh] 18238.02 h
[hmin] 0.153 pm
[w_s/w_roll] 0.051

[Sol 1.94

[Pd] 13.000 um
[Lnrhl 17874.15 h

Bearing reaction moment

Mr (Nm)
2039.526
1771.904

716.008

Mr (Nm)
943.286
254.282
404.465

Mr (Nm)
0.000
0.000
0.000

Mr (Nm)
785.579

0.000
363.932
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Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm) Mr (Nm)
1 0.178 0.000 -9.783 9.785 0.330 0.000 0.011 0.330
2 0.002 0.000 8.156 8.156 1.017 0.000 0.054 1.018
3 0.079 0.000 -5.627 5.628 0.094 0.000 0.004 0.094

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

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

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

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

Damage (%) [Lreq] (  20000.000)
Binno B1 B2 B3

1 65.48 443.12 65.50

2 768.35 0.80 37.93

3 0.68 50.05 6.23

Z 83451 49397 109.66

Utilization (%) [Lreq] (  20000.000)
B1 B2 B3

188.99 161.48 103.12

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

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

B1: cbearing 1 (Connecting rolling bearing)
B2: cbearing_ax (Connecting rolling bearing)
B3: cbearing_2 (Connecting rolling bearing)

Components - Y-component

Components - Arbitrary plane

0.07 —

-0.07 =

Displacement [mm]

-0.14 —] - - -

-0.21 — /

Axial direction Y [mm]

Figure: Deformation (bending etc.) (Arbitrary plane 270.6164762 121)
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320 7] Equivalent stress (GEH)
T Equivalent stress (SSH)
280 —|
240 —
A
A\
—_ 200 —
= 160 —
H 120 = N~
e
@ b e e -
80 —| \ - =
40 —
,’j
0
T 1 1! T T T 1
Ill = 1
Q D Q D O Q Q Q
g =% Q ® _”S__ NG
Axial direction Y| [mm

Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)*2 + 3*(tauT+tauS)*2)/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2

Figure: Equivalent stress
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Strength calculation according to DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Shaft 1

Material 18CrNiMo7-6

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

Calculation of service strength and static strength
S-N curve (Woehler line) according Miner elementary

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

Results:

Cross section Kfb Kfs K2d Sz SS SA
A-A 1.00 0.86 0.87 21.75 13.85 44.52
B-B 2.74 1.00 0.86 7.66 12.06 14.13
Cc-C 1.00 0.86 0.89 26.47 15.39 49.46
D-D 2.71 1.00 0.89 4.57 6.78 8.04
E-E 2.71 1.00 0.89 12.11 15.98 18.96
Required safeties: 1.20 1.20 1.20
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Utilization = Smin/S (%)
Figure: Strength
Calculation details
General statements
Material 18CrNiMo7-6
Material type Case-carburized stee
Material treatment case-hardened
Surface treatment No

Reference diameter material (mm)

oB according to DIN 743 (at dB) (N/mm?)
oS according to DIN 743 (at dB) (N/mm?)
[ozdW] (bei dB) (N/mm?)

[obW] (bei dB) (N/mm?)

[1tW]  (bei dB) (N/mm?)

Thickness of raw material (mm)
[oBRand] (N/mm?)

Service strength for a load spectrum

S-N curve (Woehler lines) according to Miner elementary according to FKM guideline
20000.00
0.000

Required life time
Number of load cycles (Mio)
Data of S-N curve (Woehler line) analog to FKM standard:

[ko, k1] 15
[kDao, kD] 0
[NDo, ND1] 1e+006 1

11/21

[dB]
(o8]
[0S]

[dWerkst]

(H]
(NL]

25
0
e+006

Utilization - static

Utilization - endurance

16.00
1200.00
850.00
480.00
600.00
360.00
65.00
2300.00

KISSsoft

Drivetrain Design Solutions



KISSsoft

Drivetrain Design Solutions

[NDoill, NDll] 0 0

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

Cross section 'A-A' Smooth shaft

Comment Y= 82.00mm

Position (Y-Coordinate) (mm) [yl 82.000
External diameter (mm) [da] 52.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 5974.855 377.747 0.000 2116.101

2 4.0000e+001 6429.078 253.764 0.000 16220.336

3 2.0000e+001 3823.878 142.398 0.000 1145.985
Stresses: (N/mm?)
[ozdm, cbm, Tm, Tgm] (N/mm?) 3.027 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 27.365 0.000 10.184
[ozdmax,cbmax,Tmax,Tqmax] (N/mm?2) 5.146 46.520 0.000 17.312

Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Present safety

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

Tension/Compression Bending Torsion

1.000
1.162

347.567
0.236
0.374
0.300
1.000

715.457

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)
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[S]
[Smin]
[S/Smin]

1.000
1.311

385.254
375.466
595.073
0.300
1.000
21.746
1.200
1812.2

715.457
13.848
1.200
1154.0

44.516
1.200
3709.7

1.000
1.236

245.192
0.236
0.311
0.300
1.000

413.069



Cross section 'B-B’ Interference fit

Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Characteristics:
Mean roughness (um)

[yl
[da]
[di]

55.000
60.000
0.000

Interference fit

Firm interference fit

[Rz]

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

No. Frequency (%) Tens./Compres. (N)
1 4.0000e+001 5974.855 434.694
2 4.0000e+001 6429.078 691.646
3 2.0000e+001 3823.878 111.439

Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?)
[ozda, aba, Ta, T9a] (N/mm?)

[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)

Notch effect coefficient
[dB] (mm) = 40.0
Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Present safety

[3(dB)]

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

0.000 2110.790

0.000 16215.013

0.000 1151.300
2274 0.000 0.000
0.000 32.616 0.000
3.865 55.447 0.000

Bending (Nm) Torsion (Nm)

8.000

Shearing (N)

KISSsoft
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0.000
7.647
12.999

Tension/Compression Bending Torsion

2.710

1.000
2.744

147.247
0.315
0.498
0.300
1.000

715.457

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)
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[S]
[Smin]
[S/Smin]

2.710 1.800
1.000 1.000
3.186 2.105
158.506 143.941
157.571 0.314
249.733 0.414
0.300 0.300
1.000 1.000
7.657
1.200
638.1
715457  413.069
12.062
1.200
1005.2
14.133
1.200
177.7



Cross section 'C-C' Smooth shaft
Comment

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

Inner diameter (mm)

Notch effect

Mean roughness (um)

Y=110.00mm

[yl 110.000

[da] 40.000

[di] 0.000
Smooth shaft

[Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 5974.855 139.726 0.000 11897.420
2 4.0000e+001 6429.078 52.610 0.000 8066.867
3 2.0000e+001 3823.878 71.611 0.000 4485.795
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 5.116 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 22.238 0.000 12.624
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) 8.697 37.805 0.000 21.460
Tension/Compression Bending Torsion
Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 1.162 1.288 1.213
Present safety for endurance limit:
Fatigue limit of part (N/mm?) [oWK] 347.567 392.026 249.770
Permissible amplitude (N/mm?) [cADK] 0.140 371.450 0.140
Permissible amplitude (N/mm?) [cANK] 0.222 588.708 0.184
Effective Miner sum [DM] 0.300 0.300 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 26.473
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 2206.1
Present safety
for proof against exceed of yield point:
Yield stress of part (N/mm?) [oFK] 715.457 715.457 413.069
Safety yield stress [S] 15.385
Required safety [Smin] 1.200
Result (%) [S/Smin] 1282.1
Present safety
for proof of avoiding incipient crack on hard surface layers:
Safety against incipient crack [S] 49.460
Required safety [Smin] 1.200
Result (%) [S/Smin] 4121.7
Cross section 'D-D' Interference fit
Comment
Position (Y-Coordinate) (mm) [yl 91.333
External diameter (mm) [da] 40.000
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Inner diameter (mm) [di] 0.000
Notch effect
Characteristics:

Interference fit
Firm interference fit

Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 5974.855 358.043 0.000 2117.050

2 4.0000e+001 6429.078 102.370 0.000 16221.286

3 2.0000e+001 3823.878 153.077 0.000 1145.036
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 5.116 0.000 0.000 0.000
[ozda, aba, Ta, T9a] (N/mm?) 0.000 56.984 0.000 17.211
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) 8.697 96.873 0.000 29.259

Notch effect coefficient
[dB] (mm) = 40.0
Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Present safety

[3(dB)]

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

Tension/Compression Bending Torsion

2.710

1.000
2.710

149.083
0.140
0.222
0.300
1.000

715.457

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'E-E' Interference fit

Comment

Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
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[S]
[Smin]
[S/Smin]

[yl
[da]
[di]

2.710 1.800
1.000 1.000
3.051 2.026
165.527 149.529
164.211 0.140
260.257 0.184
0.300 0.300
1.000 1.000
4.567
1.200
380.6
715457  413.069
6.777
1.200
564.8
8.039
1.200
669.9
120.000
40.000
0.000



Notch effect
Characteristics: Firm interference fit

Mean roughness (um) [Rz]

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

Interference fit

8.000

KISSsoft
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No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 5974.855 20.790 0.000 11898.385

2 4.0000e+001 6429.078 133.284 0.000 8067.832

3 2.0000e+001 3823.878 26.752 0.000 4486.760
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 5.116 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 21.213 0.000 12.625
[ozdmax,cbmax,Tmax,Tqgmax] (N/mm?2) 8.697 36.062 0.000 21.462

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.710 2.710 1.800
[dB] (mm) = 40.0

Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 2.710 3.051 2.026
Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 149.083 165.527 149.529
Permissible amplitude (N/mm?) [cADK] 0.140 162.039 0.140
Permissible amplitude (N/mm?) [cANK] 0.222 256.814 0.184
Effective Miner sum [DM] 0.300 0.300 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 12.107

Required safety against fatigue [Smin] 1.200

Result (%) [S/Smin] 1008.9

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 715.457 715.457 413.069
Safety yield stress [S] 15.985

Required safety [Smin] 1.200

Result (%) [S/Smin] 1332.1

Present safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 18.961

Required safety [Smin] 1.200

Result (%) [S/Smin] 1580.1

Shaft 2

Material C45 (1)

Material type
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Material treatment unalloyed, through hardened
Surface treatment No

Calculation of service strength and static strength
S-N curve (Woehler line) according Miner elementary

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

Results:

Cross section Kfb Kfo
F-F 2.65 0.92
G-G 1.00 0.92
H-H 2.05 1.00

Required safeties:
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Utilization = Smin/S (%)

Figure: Strength

Calculation details

General statements
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K2d V4 SS
0.80 23.27 25.49
0.80 51.03 83.57
0.80 85.51 87.91
1.20 1.20

Utilization - static

Utilization - endurance



Material

Material type
Material treatment
Surface treatment No

Reference diameter material (mm)

oB according to DIN 743 (at dB) (N/mm?)
oS according to DIN 743 (at dB) (N/mm?)
[ozdW] (bei dB) (N/mm?)

[obW] (bei dB) (N/mm?)

[1tW]  (bei dB) (N/mm?)

Thickness of raw material (mm)
[oBRand] (N/mm?)

Service strength for a load spectrum

C45 (1)
Through hardened steel

unalloyed, through hardened

[dB]
(o8]
[0S]

[dWerkst]

16.00
700.00
490.00
280.00
350.00
210.00
210.00
628.00

KISSsoft
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S-N curve (Woehler lines) according to Miner elementary according to FKM guideline

Required life time
Number of load cycles (Mio)

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

[ko, k1]
[kDa, kD]
[NDo, NDT]
[NDaoll, NDll]

5
0

1e+006 1e+006

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

Cross section 'F-F' Shoulder
Comment

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

Inner diameter (mm)

Notch effect

[D, r, t] (mm)

Mean roughness (um)

200.000

0

Y= 40.00mm

[H] 20000.00
INL] 60.000
8
0
0
[yl 40.000
[da] 150.000
[di] 130.000
Shoulder
2.000 25.000
[Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N)
1 4.0000e+001 -50000.000
2 4.0000e+001 0.000
3 2.0000e+001 -31999.753

Stresses: (N/mm?)

[ozdm, abm, Tm, Tgm] (N/mm?)

[ozda, aba, Ta, T9a] (N/mm?)
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)

Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:
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[KV]
K]

Bending (Nm) Torsion (Nm)
525.680
220.696
214.983

-11.368
0.000
-19.326

0.000
0.000
0.000

Shearing (N)

9737.140
8203.871
5580.232
0.000 0.000 0.000
3.640 0.000 4.413
6.188 0.000 7.502

Tension/Compression Bending Torsion

1.000
3.101

1.000
3.403

1.000
2.376



Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Cross section 'G-G'Smooth shaft

Comment

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

Notch effect

Mean roughness (um)

[oWK]
[cADK]
[oANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

64.045
-0.082
-0.082

1.000
1.000

349.283

[yl
[da]
[di]

72.946
84.717
84.717
1.000
1.000
23.272
1.200
1939.4

384.212
25.495
1.200
2124.6

4
15
8

Smooth shaft

[Rz]

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

62.688
62.688
62.688
0.300
1.000

175.356

8.500
0.000
0.000

8.000

KISSsoft
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No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 -50000.000 608.453 0.000 9741.250
2 4.0000e+001 150.977 0.000 8199.760
3 2.0000e+001 -31999.753 262.427 0.000 5584.342
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -3.954 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 1.998 0.000 1.454
[ozdmax,cbmax,Tmax,Tqmax] (N/mm?2) -6.722 3.397 0.000 2.471
Tension/Compression Bending Torsion
Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 1.085 1.335 1.297
Present safety for endurance limit:
Fatigue limit of part (N/mm?) [oWK] 183.021 185.938 114.822
Permissible amplitude (N/mm?) [cADK] -0.205 101.953 114.822
Permissible amplitude (N/mm?) [cANK] -0.205 101.953 114.822
Effective Miner sum [DM] 1.000 1.000 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 51.028
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 4252.3
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Present safety
for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK]
Safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Cross section 'H-H' Interference fit
Comment

Position (Y-Coordinate) (mm)

External diameter (mm)

Inner diameter (mm)

Notch effect

KISSsoft
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303.725  334.097 175.356

83.573
1.200
6964.4
vl 38.758
[da] 200.000
[di] 130.000

Interference fit

Characteristics: Firm interference fit

Mean roughness (um)

RZ] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 -50000.000 513.584 0.000 9735.409
2 4.0000e+001 0.000 230.890 0.000 8205.602
3 2.0000e+001 -31999.753 208.052 0.000 5578.501

Stresses: (N/mm?)

[ozdm, abm, Tm, Tgm] (N/mm?)

[ozda, aba, Ta, T9a] (N/mm?)
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)

Notch effect coefficient [R(dB)]
[dB] (mm) = 40.0

Surface stabilization factor [KV]
Total influence coefficient K]

Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK]
Permissible amplitude (N/mm?) [cADK]
Permissible amplitude (N/mm?) [cANK]
Effective Miner sum [DM]
Load spectrum factor [fKoll]
Safety against fatigue [S]
Required safety against fatigue [Smin]
Result (%) [S/Smin]

Present safety
for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK]
Safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]
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-2.756 0.000 0.000 0.000
0.000 0.796 0.000 1.042
-4.685 1.353 0.000 1.772

Tension/Compression Bending Torsion

1.993 1.993 1.297
1.000 1.000 1.000
2.049 2.561 1.637

96.924 96.924 90.983
-0.326 68.066 90.983
-0.326 68.066 90.983

1.000 1.000 0.300
1.000 1.000 1.000
85.510

1.200
7125.8

303.725  334.097 175.356
87.912
1.200
7326.0
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End of Report lines: 967
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File
Name : kladka_3
Changed by: beber on: 20.07.2020 at: 08:38:41
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) -25.000
Length (mm) 160.000
Speed (1/min) 0.00
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 2.533
Weight of shaft, including additional masses (kg) 2.533
Mass moment of inertia (kg*mm?) 929.737
Momentum of mass GD2 (Nm?2) 0.036
Label Shaft 2
Drawing
Initial position (mm) 0.000
Length (mm) 110.000
Speed (1/min) 50.00
Sense of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Temperature for load spectrum
No. Temperature (°C)
1 20.000
2 20.000
3 20.000
Weight of shaft (kg) 10.215
Weight of shaft, including additional masses (kg) 10.215
Mass moment of inertia (kg*m?) 0.054
Momentum of mass GD2 (Nm?) 2127
Position in space (°) 0.000
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Consider deformations due to shearing

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

T
_____ B NS
~
XX
I
| _ ____//
_____ TT~
S~
ZX
P
1IN
_____ :_//

Figure: Load applications

Shaft definition (Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 72.000mm
Diameter (mm) [d] 60.0000

Length (mm) [n 72.0000

Surface roughness (um) [RZ] 8.0000

Cylinder (Cylinder) 72.000mm ... 82.750mm
Diameter (mm) [d] 52.0000

Length (mm) [n 10.7500

Surface roughness (um) [RZ] 8.0000

Cylinder (Cylinder) 82.750mm ...  160.000mm
Diameter (mm) [d] 40.0000

Length (mm) [n 77.2500

Surface roughness (um) [RZ] 8.0000

Bearing
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Label in the model

Bearing position (mm)
Degrees of freedom

X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed

Support1

[Yiokall 25.000

Label in the model

Bearing position (mm)
Degrees of freedom

X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed

Shaft definition

Support2

[Yiokall 135.000

(Shaft 2)

Outer contour

Cylinder (Cylinder)

0.000mm ...

KISSsoft
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40.000mm

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

Radius left (Radius left)

200.0000
40.0000
8.0000

r=20.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Radius right (Radius right)

r=20.00 (mm), Rz=8.0, Machined (Ra=3.2um/125uin)

Cylinder (Cylinder)

40.000mm ...

59.000mm

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

Radius left (Radius left)

150.0000
19.0000
8.0000

r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Cone (Taper)

59.000mm ...

110.000mm

Diameter left (mm) [di]
Diameter right (mm) [dy]
Length (mm) 1]
Surface roughness (um) [Rz]

Inner contour

Cylindrical bore (Cylinder inside)

150.0000
96.0000
51.0000

8.0000

0.000mm ...

40.000mm

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

Cylindrical bore (Cylinder inside)

130.0000
40.0000
8.0000

40.000mm ...

48.500mm
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Diameter (mm) [d] 130.0000
Length (mm) [n 8.5000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 48.500mm ... 49.500mm
Diameter (mm) [d] 110.0000
Length (mm) [n 1.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 49.500mm ... 75.750mm
Diameter (mm) [d] 80.0000
Length (mm) [n 26.2500
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylinder inside) 75.750mm ... 77.000mm
Diameter (mm) [d] 72.0000
Length (mm) [n 1.2500
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylindrical bore) 77.000mm ... 92.000mm
Diameter (mm) [d] 44.0000
Length (mm) [n 15.0000
Surface roughness (um) [RZ] 8.0000
Cylindrical bore (Cylindrical bore) 92.000mm ... 110.000mm
Diameter (mm) [d] 80.0000
Length (mm) [n 18.0000
Surface roughness (um) [RZ] 8.0000
Forces
Type of force element Centric force
Label in the model Centric force1
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) 50000.0000 / 0.0001/ 0.0001
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force Z (Load spectrum) (N) -120000.0000 / -0.0001/ -0.0001
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 100.000 100.000 100.000
2 4.0000e+001 50.000 0.000 0.000 0.000
3 2.0000e+001 50.000 0.000 0.000 0.000
Type of force element Centric force
Label in the model Centric force2
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) -0.0001/ -50000.0000 / -0.0001
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
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Shearing force Z (Load spectrum) (N) -0.0001/ -120000.0000 / -0.0001
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 0.000 0.000 0.000
2 4.0000e+001 50.000 100.000 100.000 100.000
3 2.0000e+001 50.000 0.000 0.000 0.000
Type of force element Centric force
Label in the model Centric force3
Position on shaft (mm) [Yiocall 20.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) -0.0000
Axial force (load spectrum) (N) 0.0000/ 0.0000 / 32000.0000
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/ 0.0000
Shearing force Z (Load spectrum) (N) -0.0000/ -0.0000 / -40000.0000
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Bending moment Z (Load spectrum) (Nm) 0.0000/ 0.0000 / 0.0000
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 4.0000e+001 50.000 0.000 0.000 0.000
2 4.0000e+001 50.000 0.000 0.000 0.000
3 2.0000e+001 50.000 100.000 100.000 100.000
CONNECTIONS
SKF 32312 (cbearing 1) 24.250mm
Shaft 'Shaft 1' <-> Shaft 'Shaft 2'
Set fixed bearing right
d= 60.000 (mm), D= 130.000 (mm), b= 48.500 (mm),r=3.000 (mm)
C = 282.000 (kN), CO = 290.000 (kN), Cu=34.000 (kN)
Ctheo = 282.000 (kN), COtheo = 289.961 (kN)
fC= 1.000 (kN), fCO=  1.000 (kN)
Calculation with approximate bearings internal geometry (*)
Z =8, Dpw = 95.314 (mm), Dw = 26.825 (mm)
Lwe = 43.450 (mm), a =31
a =31
Diameter, external race (mm) [dol 121.703
Diameter, internal race (mm) [di] 68.924
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure) (mm)
17.4050
SKF 7208 BECBY (cbearing_ax) 101.000mm

Shaft 'Shaft 1' <-> Shaft 'Shaft 2'

Set axial bearing left

d= 40.000 (mm), D= 80.000 (mm), b =
C = 39.000 (kN), CO= 28.000 (kN), Cu =
Ctheo = 42.795 (kN), COtheo = 25.379 (kN)
fC= 1.000 (kN), fCO=  1.000 (kN)

Calculation with approximate bearings internal geometry (*)
60.000 (mm), Dw =

Z =9, Dpw =
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Diameter, external race (mm) [dol 76.567

Diameter, internal race (mm) [di] 43.433

Throat radius, external race (mm) [rol 8.679

Throat radius, internal race (mm) [ril 8.515

Bearing clearance 0.00 pm

The bearing pressure angle will be considered in the calculation

Position (center of pressure) (mm)
126.0000

SKF 6208 (cbearing_2) 66.750mm

Shaft 'Shaft 1' <-> Shaft 'Shaft 2'

Free bearing

d= 40.000 (mm), D= 80.000 (mm), b= 18.000 (mm),r=1.100 (mm)
C= 32500 (kN), CO= 19.000 (kN), Cu= 0.800 (kN)

Ctheo = 32.532 (kN), COtheo = 18.976 (kN)

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

Calculation with approximate bearings internal geometry (*)

Z =8, Dpw = 60.012 (mm), Dw = 13.273 (mm)

Diameter, external race (mm) [do] 73.291

Diameter, internal race (mm) [di] 46.733

Throat radius, external race (mm) [rol 7.034

Throat radius, internal race (mm) [ril 6.902

Bearing clearance ISO 5753-1:2009 CO (13.00 um)
Axial clearance Pe =185.31 ym

Results

Note: the maximum deflection and torsion of the shaft under torque,
the life modification factor alSO, and the bearing's thinnest lubricant film thickness EHL, are
predefined for the first load bin.

Shaft

Maximum deflection 259.254 (um) (Shaft 2 pos = 0.000 mm)

Mass center of gravity
Shaft 1 (mm) 64.541
Shaft 2 (mm) 42.717

Total axial load
Shaft 1 (N) 0.000
Shaft 2 (N) 32000.000

Torsion under torque

Shaft 1 (°) -0.000
Shaft 2 (°) 0.000
Bearing

Rolling bearing stiffness calculated from internal geometry

Shaft 'Shaft 1' Bearing 'Support1’
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Shaft 'Shaft 1' Bearing 'Support2’

Rolling bearing ‘cbearing 1'

Basic bearing rating life [Lhnl 7990.12 h
Minimum EHL lubricant film thickness [hminl 0.225  um
Static safety factor [Sol 2.70
Operating bearing clearance [Pd] 0.000 um
Reference rating service life [Lnrhl 21525.05 h

Rolling bearing ‘cbearing_ax’

Basic bearing rating life [Lhnl 529.50 h
Minimum EHL lubricant film thickness [hminl 0.148  um
Spin to roll ratio [w_s/w_roll] 0.348
Static safety factor [Sol 1.39
Operating bearing clearance [Pd] 0.000 um
Reference rating service life [Lnrhl 1262.25 h

Rolling bearing ‘cbearing_2'

Basic bearing rating life [Lhnl 2931.09 h
Minimum EHL lubricant film thickness [hminl 0.125  um
Spin to roll ratio [w_s/w_roll] 0.001
Static safety factor [Sol 0.97
Operating bearing clearance [Pd] 13.000 um
Reference rating service life [Lnrhl 291460 h

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

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

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

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

Damage (%) [Lreq] (  20000.000)
Binno B1 B2 B3

1 76.81 3516.00 533.05

2 172.51 0.80 139.37

3 0.99 260.38 9.92

z 250.31 3777.18 682.34

Utilization (%) [Lreq] (  20000.000)
B1 B2 B3

131.69 33552 189.67

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

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

B1: cbearing 1 (Connecting rolling bearing)
B2: cbearing_ax (Connecting rolling bearing)
B3: cbearing_2 (Connecting rolling bearing)
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Figure: Deformation (bending etc.) (Arbitrary plane 270.0000109 121)

Stress [N/mm?]
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Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)2 + 3*(tauT+tauS)"2)/2

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

Figure: Equivalent stress
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Components - Y-component

Components - Arbitrary plane

Equivalent stress (GEH)

Equivalent stress (SSH)



KISSsoft

Drivetrain Design Solutions

9/21



KISSsoft

Drivetrain Design Solutions

Strength calculation according to DIN 743:2012
with finite life fatigue strength according to FKM standard and FVA draft

Summary

Shaft 1

Material 18CrNiMo7-6

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

Calculation of service strength and static strength
S-N curve (Woehler line) according Miner elementary

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

Results:

Cross section Kfb Kfs K2d Sz SS SA
A-A 1.00 0.86 0.87 37.84 20.38 65.51
B-B 2.74 1.00 0.86 24.38 29.30 34.33
Cc-C 1.00 0.86 0.89 74.23 27.55 88.57
D-D 2.71 1.00 0.89 6.66 8.68 10.29
E-E 2.71 1.00 0.89 9.81 11.74 13.93
Required safeties: 1.20 1.20 1.20
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Figure: Strength

Calculation details

General statements

Material 18CrNiMo7-6

Material type Case-carburized steel
Material treatment case-hardened

Surface treatment No

Reference diameter material (mm) [dB]
oB according to DIN 743 (at dB) (N/mm?) [oB]
oS according to DIN 743 (at dB) (N/mm?) [0S]

[ozdW] (bei dB) (N/mm?)

[obW] (bei dB) (N/mm?)

[1tW]  (bei dB) (N/mm?)

Thickness of raw material (mm) [dWerkst]
[oBRand] (N/mm?)

Service strength for a load spectrum

S-N curve (Woehler lines) according to Miner elementary according to FKM guideline
20000.00
0.000

Required life time [H]
Number of load cycles (Mio) [NL]
Data of S-N curve (Woehler line) analog to FKM standard:
[ko, k1] 15 25
[kDao, kD] 0 0
[NDo, ND1] 1e+006 1e+006
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Utilization - static

Utilization - endurance

16.00
1200.00
850.00
480.00
600.00
360.00
65.00
2300.00
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[NDoill, NDll] 0 0

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

Cross section 'A-A' Smooth shaft

Comment Y= 82.00mm

Position (Y-Coordinate) (mm) [yl 82.000
External diameter (mm) [da] 52.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 12553.752 192.454 0.000 5300.593

2 4.0000e+001 6778.448 203.486 0.000 260.667

3 2.0000e+001 5890.238 64.607 0.000 1762.317
Stresses: (N/mm?)
[ozdm, cbm, Tm, Tgm] (N/mm?) 5.911 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 14.741 0.000 3.328
[ozdmax,cbmax,Tmax,Tqmax] (N/mm?2) 10.049 25.060 0.000 5.657

Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Present safety

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

Tension/Compression Bending Torsion

1.000
1.162

347.567
0.121
0.192
0.300
1.000

715.457

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

12/21

[S]
[Smin]
[S/Smin]

1.000
1.311

385.254
351.992
557.869
0.300
1.000
37.845
1.200
3153.7

715.457
20.378
1.200
1698.2

65.511
1.200
5459.2

1.000
1.236

245.192
0.121
0.160
0.300
1.000

413.069



Cross section 'B-B’ Interference fit

Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Characteristics:
Mean roughness (um)

[yl
[da]
[di]

55.000
60.000
0.000

Interference fit

Firm interference fit

[Rz]

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

No. Frequency (%) Tens./Compres. (N)
1 4.0000e+001 12553.752 49.270
2 4.0000e+001 6778.448 210.457
3 2.0000e+001 5890.238 16.957

Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?)
[ozda, aba, Ta, T9a] (N/mm?)

[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)

Notch effect coefficient
[dB] (mm) = 40.0
Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?)
Safety yield stress
Required safety

Result (%)

Present safety

[3(dB)]

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]
[S]
[Smin]
[S/Smin]

0.000 5305.915
0.000 255.345
0.000 1767.639

4.440 0.000 0.000
0.000 9.925 0.000
7.548 16.872 0.000

Bending (Nm) Torsion (Nm)

8.000

Shearing (N)

KISSsoft
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0.000
2.502
4.254

Tension/Compression Bending Torsion

2.710

1.000
2.744

147.247
0.161
0.255
0.300
1.000

715.457

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)
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[S]
[Smin]
[S/Smin]

2.710 1.800
1.000 1.000
3.186 2.105
158.506 143.941
152.690 0.161
241.997 0.212
0.300 0.300
1.000 1.000
24.384
1.200
2032.0
715457  413.069
29.298
1.200
2441.5
34.326
1.200
2860.5



Cross section 'C-C' Smooth shaft
Comment

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

Inner diameter (mm)

Notch effect

Mean roughness (um)

Y=110.00mm

KISSsoft

Drivetrain Design Solutions

vl 110.000

[da] 40.000

[di] 0.000
Smooth shaft

[Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N)
1 4.0000e+001 12553.752 18.558
2 4.0000e+001 6778.448 33.206
3 2.0000e+001 5890.238 6.053
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?)
[ozda, oba, Ta, Tqa] (N/mm?)
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)
Surface stabilization factor [KV]
Total influence coefficient K]
Present safety for endurance limit:
Fatigue limit of part (N/mm?) [oWK]
Permissible amplitude (N/mm?) [cADK]
Permissible amplitude (N/mm?) [cANK]
Effective Miner sum [DM]
Load spectrum factor [fKoll]
Safety against fatigue [S]
Required safety against fatigue [Smin]
Result (%) [S/Smin]
Present safety
for proof against exceed of yield point:
Yield stress of part (N/mm?) [oFK]
Safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Present safety

Bending (Nm) Torsion (Nm)

Shearing (N)

0.000 14384.116
0.000 12849.004
0.000 4811.402
9.990 0.000 0.000 0.000
0.000 5.285 0.000 15.262
16.983 8.984 0.000 25.945

Tension/Compression Bending Torsion

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack
Required safety
Result (%)

Cross section 'D-D’ Interference fit
Comment
Position (Y-Coordinate) (mm)

External diameter (mm)
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[S]
[Smin]
[S/Smin]

1.000 1.000 1.000
1.162 1.288 1.213
347.567  392.026  249.770
0.072  247.540 0.072
0.113  392.325 0.094
0.300 0.300 0.300
1.000 1.000 1.000
74.234
1.200
6186.2
715457 715457  413.069
27.552
1.200
2296.0
88.573
1.200
7381.1
[yl 91.333
[da] 40.000
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Inner diameter (mm) [di] 0.000
Notch effect
Characteristics:

Interference fit
Firm interference fit

Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 12553.752 241.921 0.000 5299.642
2 4.0000e+001 6778.448 201.049 0.000 261.618
3 2.0000e+001 5890.238 81.051 0.000 1761.366
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 9.990 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 38.503 0.000 5.623

[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) 16.983 65.455 0.000 9.559

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.710 2.710 1.800
[dB] (mm) = 40.0

Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 2.710 3.051 2.026
Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 149.083 165.527 149.529
Permissible amplitude (N/mm?) [cADK] 0.072 161.781 0.072
Permissible amplitude (N/mm?) [cANK] 0.113 256.405 0.094
Effective Miner sum [DM] 0.300 0.300 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 6.659

Required safety against fatigue [Smin] 1.200

Result (%) [S/Smin] 554.9

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 715.457 715.457 413.069
Safety yield stress [S] 8.679

Required safety [Smin] 1.200

Result (%) [S/Smin] 723.2

Present safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 10.295

Required safety [Smin] 1.200

Result (%) [S/Smin] 857.9

Cross section 'E-E' Interference fit

Comment

Position (Y-Coordinate) (mm) [yl 120.000
External diameter (mm) [da] 40.000
Inner diameter (mm) [di] 0.000
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Notch effect
Characteristics:

Interference fit
Firm interference fit
Mean roughness (um) [Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 12553.752 162.404 0.000 14385.081

2 4.0000e+001 6778.448 161.701 0.000 12849.969

3 2.0000e+001 5890.238 54172 0.000 4812.367
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) 9.990 0.000 0.000 0.000
[ozda, aba, Ta, T9a] (N/mm?) 0.000 25.847 0.000 15.263
[ozdmax,cbmax,Tmax,Tqgmax] (N/mm?2) 16.983 43.941 0.000 25.947

Tension/Compression Bending Torsion

Notch effect coefficient [R(dB)] 2.710 2.710 1.800
[dB] (mm) = 40.0

Surface stabilization factor [KV] 1.000 1.000 1.000
Total influence coefficient K] 2.710 3.051 2.026
Present safety for endurance limit:

Fatigue limit of part (N/mm?) [oWK] 149.083 165.527 149.529
Permissible amplitude (N/mm?) [cADK] 0.072 160.007 0.072
Permissible amplitude (N/mm?) [cANK] 0.113 253.595 0.094
Effective Miner sum [DM] 0.300 0.300 0.300
Load spectrum factor [fKoll] 1.000 1.000 1.000
Safety against fatigue [S] 9.811

Required safety against fatigue [Smin] 1.200

Result (%) [S/Smin] 817.6

Present safety

for proof against exceed of yield point:

Yield stress of part (N/mm?) [oFK] 715.457 715.457 413.069
Safety yield stress [S] 11.744

Required safety [Smin] 1.200

Result (%) [S/Smin] 978.6

Present safety

for proof of avoiding incipient crack on hard surface layers:

Safety against incipient crack [S] 13.930

Required safety [Smin] 1.200

Result (%) [S/Smin] 1160.9

Shaft 2

Material

Material type
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Material treatment unalloyed, through hardened
Surface treatment No

Calculation of service strength and static strength
S-N curve (Woehler line) according Miner elementary

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

Results:
Cross section Kfb Kfo K2d Sz SS
F-F 2.65 0.92 0.80 16.57 14.10
G-G 2.05 1.00 0.80 27.88 21.63
H-H 2.05 1.00 0.80 59.75 50.24
Required safeties: 1.20 1.20
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Figure: Strength

Calculation details

General statements
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Material

Material type
Material treatment
Surface treatment No

Reference diameter material (mm)

oB according to DIN 743 (at dB) (N/mm?)
oS according to DIN 743 (at dB) (N/mm?)
[ozdW] (bei dB) (N/mm?)

[obW] (bei dB) (N/mm?)

[1tW]  (bei dB) (N/mm?)

Thickness of raw material (mm)
[oBRand] (N/mm?)

Service strength for a load spectrum

C45 (1)
Through hardened steel

unalloyed, through hardened

[dB]
(o8]
[0S]

[dWerkst]

16.00
700.00
490.00
280.00
350.00
210.00
210.00
628.00
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S-N curve (Woehler lines) according to Miner elementary according to FKM guideline

Required life time
Number of load cycles (Mio)

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

[ko, k1]
[kDa, kD]
[NDo, NDT]
[NDaoll, NDll]

5
0

1e+006 1e+006

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

Cross section 'F-F' Shoulder
Comment

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

Inner diameter (mm)

Notch effect

[D, r, t] (mm)

Mean roughness (um)

200.000

0

Y= 40.00mm

[H] 20000.00
INL] 60.000
8
0
0
[yl 40.000
[da] 150.000
[di] 130.000
Shoulder
2.000 25.000
[Rz] 8.000

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

No. Frequency (%) Tens./Compres. (N)
1 4.0000e+001 -77708.592
2 4.0000e+001 0.000
3 2.0000e+001 -41114.688

Stresses: (N/mm?)

[ozdm, abm, Tm, Tgm] (N/mm?)

[ozda, aba, Ta, T9a] (N/mm?)
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?)

Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:
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[KV]
K]

Bending (Nm) Torsion (Nm)
491.788
335.599
162.817

-17.668
0.000
-30.036

0.000
0.000
0.000

Shearing (N)

19637.344
12540.972
6526.355
0.000 0.000 0.000
3.406 0.000 8.899
5.789 0.000 15.129

Tension/Compression Bending Torsion

1.000
3.101

1.000
3.403

1.000
2.376



Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:
Yield stress of part (N/mm?)

Safety yield stress

Required safety

Result (%)

Cross section 'G-G'Interference fit
Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect
Characteristics:
Mean roughness (um)

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

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)
1 4.0000e+001 -77708.592 324.858 0.000 19640.216
2 4.0000e+001 0.000 228.988 0.000 12543.843
3 2.0000e+001 -41114.688 107.331 0.000 6529.226
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -9.514 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 1.379 0.000
[ozdmax,ocbmax,Tmax,Tgmax] (N/mm?) -16.173 2.345 0.000

Notch effect coefficient
[dB] (mm) = 40.0
Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
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[oWK] 64.045 72.946 62.688
[cADK] -0.053 56.445 62.688
[oANK] -0.053 56.445 62.688
[DM] 1.000 1.000 0.300
[fKoll] 1.000 1.000 1.000
[S] 16.574
[Smin] 1.200
[S/Smin] 1381.2
[oFK] 349.283 384.212 175.356
[S] 14.099
[Smin] 1.200
[S/Smin] 1175.0

[yl 48.500

[da] 150.000

[di] 110.000

Interference fit
Firm interference fit
[Rz] 8.000
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0.000
4.735
8.049

Tension/Compression Bending Torsion

[R(dB)] 1.993
[KV] 1.000
K] 2.049
[OWK] 96.924
[0ADK] -0.094
[0ANK] -0.094
[DM] 1.000
[fKoll] 1.000
[S]

1.993

1.000
2.561

96.924

38.460

38.460
1.000
1.000
27.883

1.297

1.000
1.637

90.983
90.983
90.983
0.300
1.000



Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:
Yield stress of part (N/mm?)

Safety yield stress

Required safety

Result (%)

Cross section 'H-H' Interference fit

Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Characteristics:
Mean roughness (um)

[Smin]
[S/Smin]

[oFK] 303.725
[S]

[Smin]

[S/Smin]

[yl
[da]
[di]
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1.200
2323.6

334.097 175.356
21.631
1.200
1802.6

38.758
200.000
130.000

Interference fit

Firm interference fit

[Rz]

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

8.000

No. Frequency (%) Tens./Compres. (N) Bending (Nm) Torsion (Nm) Shearing (N)

1 4.0000e+001 -77708.592 516.185 0.000 19635.613

2 4.0000e+001 0.000 351.179 0.000 12539.241

3 2.0000e+001 -41114.688 170.924 0.000 6524.624
Stresses: (N/mm?)
[ozdm, abm, Tm, Tgm] (N/mm?) -4.283 0.000 0.000 0.000
[ozda, oba, Ta, Tqa] (N/mm?) 0.000 0.800 0.000 2.102
[ozdmax,cbmax,Tmax,Tqmax] (N/mm?2) -7.281 1.360 0.000 3.574

Notch effect coefficient
[dB] (mm) = 40.0
Surface stabilization factor
Total influence coefficient

Present safety for endurance limit:

Fatigue limit of part (N/mm?)
Permissible amplitude (N/mm?)
Permissible amplitude (N/mm?)
Effective Miner sum

Load spectrum factor

Safety against fatigue
Required safety against fatigue
Result (%)

Present safety

for proof against exceed of yield point:
Yield stress of part (N/mm?)

20/21

[3(dB)]

[KV]
K]

[oWK]
[cADK]
[cANK]
[DM]
[fKoll]
[S]
[Smin]
[S/Smin]

[oFK]

Tension/Compression Bending Torsion

1.993 1.993 1.297
1.000 1.000 1.000
2.049 2.561 1.637

96.924 96.924 90.983
-0.210 47.803 90.983
-0.210 47.803 90.983

1.000 1.000 0.300
1.000 1.000 1.000
59.750

1.200
4979.2

303.725  334.097 175.356
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Safety yield stress [S] 50.244

Required safety [Smin] 1.200

Result (%) [S/Smin] 4187.0

End of Report lines: 934
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Name
Changed by:

srouby_hlava
Martin Beber

on: 21.07.2020

File

at: 13:09:13

Bolt calculation according to VDI 2230:2015

INPUTS:

Configuration:
Calculation using assembly temperature
Assembly temperature (°C)

Thread standard

Label

Pitch (mm)

Flank angle (°)

Reference diameter (mm)

Minor diameter inner thread (mm)

Flank diameter inner thread (mm)
Thread manufacturing

Surface roughness (um)

Axial force at flange (N)

Shearing force at flange (N)
Torque at flange (Nm)

Bending moment at flange (Nm)
Required clamping force for sealing (N)
Coefficient of friction between parts
Bolt pitch diameter at flange (mm)
Number of screws

Shearing force at single screw (N)
Axial force at single screw (N)
Required clamping force:

For shearing force transmission (N)
For sealing (N)

Tightening technique:
Tightening factor

Load application factor

Bolting type: SV 1
Length of connected solid (mm)
Distance of connected solid (mm)

Coef. of friction in thread
Coef. of friction at head support

Bolt type:
Reference diameter (mm)
Bolt length (mm)

Shank diameter (mm)
Shank length (mm)
Thread length (mm)

1/5

Flange connection with torque and forces (multiple bolts)

[T™] 20.00
Standard thread
M16
[P] 2.00
[B] 60.00
[d] 16.00
[D1] 13.83
[D2] 14.70
Final heat treated
[Rz] 16.00
[FaU/FaO] -120000.00 /
[Fa] 0.00
[Mt] 0.00
[Mb] 15000.00
[Fd] 0.00
] 0.150
[df] 254.00
[n] 8
[Q] 0.00
[FAU/FAQ] -44527.56/ 2952
[FKQ] 0.00
[FKP] 0.00

Torque wrench (by estimating the coefficient of friction)

[0A] 1.60
in 0.70
[IA] 0.00
[ak] 0.00
WG] 0.100/0.100
K] 0.100/0.100

Hexagon head screw without shank (A B) DIN EN ISO 4017:2001

[d] 16.00
m 50.00
[d1] 16.00
1] 6.00
b] 44.00

0.00

7.56



Outer diameter of head support (mm)
Inner diameter of head support (mm)

Surface roughness (head bearing area) (um)

Stressed cross section of screw (mm?)
Free thread length (mm)
Reduction coefficient

Strength class
Tensile strength (N/mm?)
Yield point (N/mm?)

Clamped parts: Segment of annulus

External radius annulus (mm)
Screw radius annulus (mm)
Internal radius annulus (mm)
Bolt spacing (mm)

Number of parts

Part A
Material
Depth of Layer (mm)

Permissible surface pressure (N/mm?)
Surface roughness (um)

Part B
Material
Depth of Layer (mm)

Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

[dw]
[da]
[RZ]

[As]
[13]
(k1]

[Rm]
[Rp0.2]

[ra]
[rs]
[ril
[
[iP]

C45 (1)
[hi]
[pC]
[Rz]

C45 (1)
[hi]
[pC]
[Rz]

[IK]
[keff]

(including washers and counter bore depth or extension sleeves)

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

Washer bellow screw head:

Standard

External diameter (mm)

Inner diameter (mm)

Thickness (mm)

Surface roughness (um)

Permissible surface pressure (N/mm?)

Blind hole

Material

Counter bore depth (mm)
Surface roughness (um)

RESULTS:

2/5

22.49
17.70
16.00

156.67
27.00
0.50

10.9
1040.00
940.00

150.00
127.00
56.00
99.75

15.00
770.00
16.00

15.00
770.00
16.00

30.00
33.00

ISO 273:1979 (DIN 273) fine

[dh]
[eK]

17.00
0.00

DIN EN ISO 7089:2000

[d2]
[d1]
[h]

[RZ]
[PG]

c45 (1)
[ts]
[Rz]

29.48
17.27
3.00
16.00
1250.00

0.00
16.00

KISSsoFT
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Virtual outer diameter of base body:

Diameter (mm) [DA1 138.25
Diameter (mm) [DA] 138.25
Ductility of flange (mm/N) [6P] 1.901541e-007
Addition for plate resilience (mm/N) [6Pzu] 1.274785e-007
Ductility of screw (mm/N) [6S] 1.651776e-006
Load factor for centric load introduction [®n] 0.1207
Preload loss (N) [Fz] 8143.63
required assembly preload:

-minimum (N) [FMmin] 34106.86
-maximum (N) [FMmax] 54570.98
Pretension force according table (N) [FMtab] 122000.00
Screw force at yield point (N) [FMO0.2] 147000.00
attained assembly preload:

-maximum (N) [FM] 121789.50
(utilization of yield strength (%) [%Re] 90.00)
Pretension force (N) [FV] 113645.87
Additional bolt load (N) [FSA] 3564.33
Additional plate load (N) [FPA] 25963.23
Fatigue load (N/mm?) [oa] 28.53
Fatigue life (N/mm?) [oAzul] 46.22
Number of load cycles [NZ] >= 2000000

Length of engagement, stripping force
Calculate the required nut height as specified in VDI 2230 (2015)<VF> (also applies to the required length of engagement for a blind hole)

Length of engagement (mm) [m] 38.00
Effective length of engagement (mm) [meff] 34.00
Coefficient C1 [C1] 1.000
Coefficient C2 [C2] 0.897
Coefficient C3 [C3] 0.903
Bolt minimum flank diameter (mm) [d2min] 15.026
Internal thread maximum core diameter (mm) [D1max] 14.376
Bolt shear surface (mm?) [ASGS] 1108.36
Tensile strength of bolt (N/mm?) [Rm] 1040.00
Bolt tensile strength coefficient (N/mm?) [Rmmax/Rm] 1.20
Maximum tensile strength, bolt (N/mm?) [Rmmax] 1248.00
Bolt shearing strength [TBS/Rm] 0.62
Shearing strength Screw (N/mm?) [TBS] 644.80
Minor diameter inner thread (mm) [D1] 13.835
Flank diameter inner thread (mm) [D2] 14.701
Minimum external diameter, bolt (mm) [dmin] 16.000
Maximum flank diameter, inner thread (mm) [D2max] 15.026
Internal thread shear surface (mm?) [ASGM] 1495.45
Internal thread shearing strength (N/mm?) [TBM] 460.00
Strength ratio [RS] 0.96
Stripping force, bolt thread (N) [FmGS] 641275.00
Stripping force, internal thread (N) [FmGM] 621442.16
Bolt breaking force (N) [FmS] 162935.10
Safety against stripping force to breaking force [SAE] 3.81
Minimum length of engagement Rm (mm) [meffmin] 13.00
Minimum length of engagement Rmmax (mm) [meffmax] 16.00

The internal thread is critical to prevent stripping.

(Mounting pretension force (N) [FM] 121789.50)
Required safety against pretension force [SFM] 5.10
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Calculation with maximum attained pretension force:
(utilization of yield strength (%) [%Re] 90.00)
Mounting-Pretension force (N) [FM] 121789.50
Pretension force (N) [FV] 113645.87
Equivalent stress (N/mm?) [ored.M] 846.00
Equivalent stress (N/mm?) [ored.B] 830.49
Tightening torque (Nm) [MA] 265.22
Surface pressure
(below screw head) (N/mm?) [PK] 829.08
(below washer) (N/mm?) [p] 357.47
Calculation with the maximum required assembly preload with tightening factor: 1.60
Mounting-Pretension force (N) [FMmax] 54570.98
Additional clamping force (reserve) (N) [FKres] 42011.57
Equivalent stress (N/mm?) [ored.M_FMmax] 379.07
Equivalent stress (N/mm?) [ored.B_FMmax] 384.23
Tightening torque (Nm) [MA_FMmax] 118.84
Surface pressure
(below screw head) (N/mm?) [PK_FMmax] 384.50
(below washer) (N/mm?) [p] 165.78
Permissible equivalent stress (N/mm?) [o.Mzul] 846.00
Permissible equivalent stress (N/mm?) [o.Bzul] 940.00
Permissible surface pressure
(below screw head) (N/mm?) [pKzul] 1250
(below washer) (N/mm?) [pzul] 770.00
Shearing strength Screw (N/mm?) [TBS] 644.80
SUMMARY:
The yield point must not be exceeded.
Calculation with the maximum required assembly preload with tightening factor: 1.60
Safety against yield point [SF] 2.45
Safety against fatigue [SD] 1.62
Safety against pressure [SP] 3.25

Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.13
Safety against fatigue [SD] 1.62
Safety against pressure [SP] 1.51
Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM/aA, FKerf = FKQ + FKP

-Safety against shearing SA = 1BS*As/Q >= 1.1;

-The calculation of the normal values for 90% usage (Preload

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-The calculation of the length of engagement is theoretical (in accordance with VDI 2230)

and must be checked in real life conditions.

-Note: The minimum length of engagement meffmax is calculated with Rmmax, dmin and D2max or d2min and D1max
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and is intended to represent the worst case scenario..

-Surface pressure under washers: Maximum external diameter for

calculating the support area is dw + 1.6*hs (VDI 2230: 2015, Formula 194).
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 228
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Vypocet vedeni pinoly



Kluzne vedeni kruhoveho tvaru

1 Rozmery vedeni a konstrukce
L:=370.-mm ...delka vedeni
D:=320-mm ...prumer vedeni
a,:=305-mm ...min. vylozeni sily F1 od okraje vedeni

ay:=35 mm

Ay:=550-mm ...vysuv pinoly
f,=0.15 ...treni ve vedeni
2 Sily pusobici na vedeni
F,:=120 kN Radialni sila na valecek
F,:=0.4-F,=48 kN Axialni sila na valecek
3 Dov.merny tlak: 10 MPa
Stanovit:

» Polohu sil vzhledem k pocatku souradnic

 Silu a moment v pocatku souradnic
Efektivni sirku vedeni a merne tlaky
Zatizeni vodicich ploch radialni a treci silu

yot yez
Ay 05L
O
Fi
TF " i
A 2l '|

ia

il B

™ O
\LLT -

a L

i

pK o s il = pripL




L
Yo1 ::a1+5:49() mm
Y=Y + Ay=(1.04-10%) mm
U
bei=—-+D=251.327 mm
F:=F,=48 kN
M:=F,-y,+F,-a,=54.12 kN -m

a

=0.516 MPa

Pbri= I

=9.438 MPa

1
FN::E'pM' be
(pro odvozeni):

P i=pp+ Py =9.954 MPa,

Pri=Pp— Py =—8.922 MPa

[P

e—————=195.118 mm
|PK| + |pL|

yp::L

Reakce vedeni pro podminku  b,:=b

e

1
Fye=— i+ by yp =244.062 kN

1
Fri=—+ppby (L—y,) =—196.062 kN

Fri=(|Fg|+|Fy,

)+ f,=66.019 kN

nebo:

Fp:=||if sign (pK> =sign (PL)
"

else
| (1 +17u]) -

L
2

=(5

...vylozeni od pocatku souradnic
...vyloZeni sily F1

...efektivni Sitka vedeni

...celkova sila v pocatku souradnic
...moment kolem osy Z

...mérny tlak od sily
...mérny tlak od momentu

=219.405 kN

412.10*) N-m

...mérny tlak v misté K

...mérny tlak v misté L

...tfeci odpor ve vedeni

=66.019 kN
sign (pK> =1

sign (pL> =-1
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Name : srouby_viko_hydromotoru

Changed by: Martin Beber

on: 23.07.2020

File

at: 14:00:01

Bolt calculation according to VDI 2230:2015

INPUTS:

Configuration: Flange connection with torque and forces (multiple bolts)
Calculation using assembly temperature

Assembly temperature (°C) [TM] 20.00
Thread standard Standard thread

Label M8

Pitch (mm) [P] 1.25

Flank angle (°) [B] 60.00
Reference diameter (mm) [d] 8.00

Minor diameter inner thread (mm) [D1] 6.65

Flank diameter inner thread (mm) [D2] 7.19
Thread manufacturing Final heat treated

Surface roughness (um) [Rz] 16.00

Axial force at flange (N) [FaU/FaO] 0.00/ 120000.00
Shearing force at flange (N) [Fq] 0.00
Torque at flange (Nm) [Mt] 0.00
Bending moment at flange (Nm) [Mb] 0.00
Required clamping force for sealing (N) [Fd] 0.00
Coefficient of friction between parts [M] 0.100

Bolt pitch diameter at flange (mm) [df] 350.00
Number of screws [n] 14

Shearing force at single screw (N) [Q] 0.00

Axial force at single screw (N) [FAU/FAQ] 0.00/ 8571.43
Required clamping force:

For shearing force transmission (N) [FKQ] 0.00

For sealing (N) [FKP] 0.00
Tightening technique: Torque wrench (by estimating the coefficient of friction)
Tightening factor [aA] 1.60

Load application factor [n] 0.70
Bolting type: SV 1

Length of connected solid (mm) [IA] 0.00
Distance of connected solid (mm) [ak] 0.00

Coef. of friction in thread [uG] 0.100/ 0.100
Coef. of friction at head support [uK] 0.100/ 0.100

Bolt type:
Reference diameter (mm)
Bolt length (mm)

Shank diameter (mm)
Shank length (mm)
Thread length (mm)

1/4

Hexagon head screw without shank (A B) DIN EN ISO 4017:2001

[d] 8.00
m 25.00
[d1] 8.00
M] 3.75
ib] 21.25



Outer diameter of head support (mm)
Inner diameter of head support (mm)
Surface roughness (head bearing area) (um)

Stressed cross section of screw (mm?)
Free thread length (mm)
Reduction coefficient

Strength class
Tensile strength (N/mm?)
Yield point (N/mm?)

Clamped parts: Segment of annulus
External radius annulus (mm)

Screw radius annulus (mm)

Internal radius annulus (mm)

Bolt spacing (mm)

Number of parts

Part A
Material
Depth of Layer (mm)

Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

[dw]
[da]
[RZ]

[As]
[13]
(k1]

[Rm]
[Rp0.2]

[ra]
[rs]
[ril
[
[iP]

C45 (1)
[hi]
[pC]
[Rz]

[IK]
[keff]

(including washers and counter bore depth or extension sleeves)

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

Washer bellow screw head:

Standard

External diameter (mm)

Inner diameter (mm)

Thickness (mm)

Surface roughness (um)

Permissible surface pressure (N/mm?)

Blind hole

Material

Counter bore depth (mm)
Surface roughness (um)

RESULTS:

Virtual outer diameter of base body:
Diameter (mm)

Diameter (mm)

Ductility of flange (mm/N)

Addition for plate resilience (mm/N)

2/4

11.63
9.20
16.00

36.61
12.85
0.50

8.8
800.00
640.00

190.00
175.00
160.00
109.96

15.00
770.00
16.00

15.00
16.60

ISO 273:1979 (DIN 273) fine

[dh]
[eK]

8.40
0.00

DIN EN ISO 7089:2000

[d2]
[d1]
[h]

[RZ]
[PG]

C45 (1)
[ts]
[Rz]

[DA1]
[DA]
[5P]
[6Pzu]

15.57
8.62
1.60

16.00

1250.00

0.00
16.00

120.76
120.76
3.159749e-007
2.549569e-007

KISSsoFT
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Ductility of screw (mm/N)

Load factor for centric load introduction
Preload loss (N)

required assembly preload:
-minimum (N)

-maximum (N)

Pretension force according table (N)
Screw force at yield point (N)
attained assembly preload:
-maximum (N)

(utilization of yield strength (%)
Pretension force (N)

Additional bolt load (N)

Additional plate load (N)

Fatigue load (N/mm?2)

Fatigue life (N/mm?)

Number of load cycles

[3S]
[©n]
[F2]

[FMmin]
[FMmax]
[FMtab]
[FMO0.2]

[FM]
[%Re]
[FV]
[FSA]
[FPA]
[oa]
[cAzul]
[NZ]

Calculation with maximum attained pretension force:

(utilization of yield strength (%)
Mounting-Pretension force (N)
Pretension force (N)
Equivalent stress (N/mm?)
Equivalent stress (N/mm?)
Tightening torque (Nm)
Surface pressure

(below screw head) (N/mm?)
(below washer) (N/mm?)

[%Re]
[FM]
[FV]
[ored.M]
[ored.B]
[MA]

[PK]
[p]

3.509880e-006

0.1045
3267.24

10943.29

17509.27

19100.00
23400.00

19103.82

90.00)
15836.58
895.38
7676.05
12.23
54.19

= 2000000

90.00)
19103.82
15836.58
576.00
569.97
21.75

503.07
200.42

Calculation with the maximum required assembly preload with tightening factor:

Mounting-Pretension force (N)
Additional clamping force (reserve) (N)
Equivalent stress (N/mm?)

Equivalent stress (N/mm?)

Tightening torque (Nm)

Surface pressure

(below screw head) (N/mm?)

(below washer) (N/mm?)

Permissible equivalent stress (N/mm?)
Permissible equivalent stress (N/mm?)
Permissible surface pressure

(below screw head) (N/mm?)

(below washer) (N/mm?)

Shearing strength Screw (N/mm?)

SUMMARY:

The yield point must not be exceeded.

[FMmax]

[FKres]
[ored.M_FMmax]
[ored.B_FMmax]
[MA_FMmax]

[PK_FMmax]
[p]

[o.Mzul]
[0.Bzul]

[pKzul]

[pzul]
[TBS]

17509.27
996.60
527.92
524.35

19.94

462.96
184.44

576.00
640.00

1250

770.00
520.00

Calculation with the maximum required assembly preload with tightening factor:

Safety against yield point
Safety against fatigue
Safety against pressure

3/4

[SF]
[SD]
[SP]

1.22
4.43
2.70

1.60

KISSsoFT
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Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.12
Safety against fatigue [SD] 4.43
Safety against pressure [SP] 2.48
Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM/aA, FKerf = FKQ + FKP

-Safety against shearing SA = 1BS*As/Q >=1.1;

-The calculation of the normal values for 90% usage (Preload

and tightening torque) follows the corresponding equation according VDI 2230.
These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Surface pressure under washers: Maximum external diameter for

calculating the support area is dw + 1.6*hs (VDI 2230: 2015, Formula 194).
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 187
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PRILOHA C. 8

Navrh hydraulického obvodu pro Fizeni pritlaku



2. Zadané parametry

Vysuvna sila valce: F,:=120 kN
Tlak ve valci: p, =10 MPa
Pocet valcd: n, =2

Tlak na pojistovacim ventilu: p,=11 MPa
Ucinnost cerpadla: nei=92%
Ucinnost elektromotoru: N i=98%

Pracovni kapalina:

Hydraulicky olej HLPV 646

2
Viskozita pracovni kapaliny: vi=46 1
S
Délka vytlacného potrubi od
Cerpadla k hydromotoru: L,:=3m
v . kg
Mer. hmotnost oleje: Po:=890 —
md
Maximalni zdvih hydromotoru: L:=550 mm
Rychlost posuvu pistu: vi=10 2
S
Otacky motoru: n:=1450 rpm

Pozaduje se urdcit:

¢ Rozméry hydromotoru
* Velikost a typ Cerpadla
* Vykon elektromotoru
* Velikost nadrze

 Svétlost vytlacného potrubi a tlakové
ztraty ve vytlaéné vétvi potrubi

 Svétlosti saciho a odpadniho potrubi

 Typ rozvadéce a dalSich komponent(



3. Navrh hydromotoru

o v e Fl 2
Prumer pistu: S, :=—=12000 mm
Dy
2 S,
dy:=1[4-—=123.608 mm
T
volim: d, =125 mm

med,’ )
S,= n =12271.846 mm

Skutecna vysuvna sila: F,:=8,+p,=122.718 kN

Volim hydromotor podle ISO 10762 100 H-2, s maximalnim pracovnim tlakem 10 MPa a
zdvihem 550 mm.

obrazek ¢. 2: Hydromotor



2. Navrh cCerpadila

Objemovy pritok cerpadla (pro vysunuti

valch):

Vypoctovy objem
Cerpadla:

Q=S5+ v+n,=14.726

rev

l

min

3
cm

Volim axialni pistové Cerpadlo Bosch Rexroth A10VZO18EZ400/10RVSC

3
Vpmaz =18 Mg =3300 Q=59 —
rev min

Technical data A10VZO size 3 to 45

Size NG 3 [ B 10 18 28 45
Displacement, geometric, per revolution Vgmn cm? 35 -1 10.5 18 28 45
Rotational speed at Vgmax

maximum?*

Suction speed operation as a pump! Tnom rpm 3600 3600 3600 3600 3300 3000 3000
Max. speed decompression operation? Mpom  TPM 3600 3600 3600 3600 3300 3000 3000
Flow at Mpgm and Vi mx & Ifmin 12.6 216 28.8 38 A a4 135
Power and Ap = 250 bar P W L 10 15 15 - - -
Dperation a5 3 PUME 504 ap - 315 bar r KW = = = = 4 30 44

at Rpom, 1'1 max

Torgue at Vgpgg and Ap = 250 bar T Mm 14 4 32 42 - - -

at Vopog and Ap= 315 bar T Mm - - - - 80 140 225
at Vgmax and Ap = 100 bar T Mm [ 13 17 it 45 T2

Rotary stiffness of 5 c Mm/rad 8100 8100 Bi10O Bi0D - - -
drive shaft R c Mm/rad 8 = = = 14800 26300 41000
Moment of inertia for rotary group Jra kgm? 0.000& 0.0006 0.00068 O0.00068 0.00093 0.0017 0.0033
Maximum angular acceleration® a radfs* 14000 14000 14000 14000 12600 11200 0G0D
Case volume ¥ 0.2 0.2 0.2 0.2 0.25 0.3 10
Weight without through drive [14N00, 1ZN00 m kg B 8 B B 12 15 T
approx. )

Weight without through drive (22000 approx.) m kg - - - - - - -
‘Weight with through drive (OTK.., 12K, approx.) m kg 10.5 10.5 105 105 14 18 28
‘Weight with through drive (22U..approx) m kg - - - - - - -

obrazek ¢. 5: Vybér Cerpadla



obrézek ¢. 4: Cerpadlo

4. Navrh elektromotoru

Prikon elektromotoru: P:=Q, pp-i:2.935 EW
Volim Elektromotor 5.5 kW

1AL132S-4, 1480 ot./min.

5. Navrh nadrze

Objem nadrze se voli (3-5) x objemovy pritok ¢erpadla.

V,:=4+Q:=58.905 volim: V,:=50 1

mwn

Na nadrZi jsou privarené patky pro uchyceni v sanich zafizeni sadou 6ti Sroubl M8. Na viko
nadrze je privareny hydraulicky blok, pfiruba pro motor a ¢erpadlo a drzak pro filtr. Ve viku
jsou také diry pro hydraulickad potrubi. Viko je k nadrzi upevnéno sadou 8mi Sroubd M6 a
utésnéno tésnicim tmelem LOCTITE.



Obrazek €. 4.: Nadrz a viko s hydraulickym blokem

6. Vypocet ztrat v potrubi

Uvazuje se délka vytlacného potrubi:

L,=7.5m

Rychlost ve vytlaném potrubi se pripousti 5 -10 m/s. Volim: v, =8 ™%

Prémér potrubi:

Vypocet Re pro vytlacné
potrubi:
Re <2320

Vypocet ztratového soucinitele
pro laminarni proudéni:

Tlakova ztrata proudénim v potrubi:

S

3

Q:=0.00025
S
S, = @ _30.68 mm?
v’l)
2 [4Qy
d,:= @ =6.3 mm
T,
vv'dv
R = =1086.957
14

::)\

c—- +p,=2.358 MPa
d, 2



7. Urceni svétlosti saciho a odpadniho potrubi

a. Saci potrubi

Rychlosti proudéni v sacim potrubi se pfipousti 0,5 — 1,5 m/s. v,:=1.3 —
Volim:
o v , , 2 [4+Q
Prumer saciho potrubi: dg:= =16 mm
TV,
b. Odpadni potrubi
Rychlost proudéni v odpadnim potrubi se pripousti 2-5 m/s. v,=5 2
Volim: s
v , 4.Q;
Primér odpadniho (:lo::2 “ =8 mm
potrubi: 72V

8. Volba rozvadéce a dalSich komponent

Za Cerpadlo do vytlacné vétve byl pridan filtr a zpétny ventil (Rexroth
S6A00-1042013) a za né&j akumulator o objemu 10 litrl pro pfipadné
vypadky.

Do obvodu byl zvolen prepoustéci ventil s kritickym tlakem 12 MPa typu
DBDS 4 K1X 200V.

Z katalogu firmy Rexroth byl zvolen redukéni ventil typu DR-5.4X/100YMV s
pracovnim tlakem 1 - 10 MPa a maximalnim pritokem 400 I/min.

Od stejné firmy byly zvoleny smérové sedlové ventily pro prepinani mezi
pritlakem a odlehcenim valeckd. Byly zvoleny ventily typu M3-SED 6 UK1X
pro pritlacnou vétev a M3-SED 6 CK1X pro odlehcovaci vétev.

Dale se v pritlacné i odlehcovaci vétvi obvodu pro regulaci prtoku nachazi
Skrtici ventil MK 6 G 1X.

Vsechny fidici komponenty jsou pfipojeny na hydraulicky blok, ktery je
privaren k viku nadrze. Blok je litinova kostka, do které jsou vyvrtany otvory
tak, aby spolu s komponenty tvorila navrZzeny hydraulicky obéh.



Obrazek €. 6.: Detail Hydraulického bloku



Jednotlivé ¢asti obéhu jsou propojeny hydraulickymi hadicemi s pfislusSnymi
koncovkami.

Obrazek €. 8.: Hydraulicka jednotka



Sestava hydraulické jednotky je ulozena v pravé casti sani valeckovaciho zarizeni.

Obrazek €. 9.: Ulozeni hydraulické jednotky

Hadice hydraulického obvodu jsou ke sténam pripevnény klipy a k rozdéleni do vétvi
slouzi T spojky. Hadice poté vedou otvory v bocnich krycich plechach, dale otvory
prirub hydromotor{ az k jeho privodiim.

Obrazek €. 10.: Hydraulicky obvod



PRILOHA C.9

Vypocet hirthovy spojky



Hirth - otoc¢na hlava

F,:=48 kN

Fp:=120-kN

D,:=1200-mm ...max. primér valeckovani
d,=250-mm ...min. prmér valeckovani
D,:=400-mm ...primér télesa otocné Casti

T:=—35-mm
y:=855-mm
z:=208 -mm
ORIGIN :=1
rpi=[z y z]

F:=[-F, —Fp 0]=[-4.8-10" -1.2.10° 0] N

2.496-10*
M:=rp xF'=|-9.984.10° | N-m
4.524.10*
Hirth 400:
D:=399-mm d:=340-mm  d;:=18-mm n,:=10  2:=120
r:=0.6-mm 5:=0.6.mm n,:=0.75 zgi=4.7mm  ...zdvih

b:=2 (r+s)-tan(30-deg)

h::D__d
2
I, := L pon?
12
A, =b-h
_D+d
mTg



Iy=edy!
_ T (Dt _ g~
Iy=—"+ (D" ~d")

Ab::%-df =(2.545-107") m?

Ig:= <Ib+Ab-r2> <1

A= %-<D2 —d2>—Ab'nb_2'z'Am '77220016 m2

I=Iy—(I,s—I,5) = (2.526-107") m
2

W:=I-—=0.001 m?®
D

Upinaci sila spojky Hirth

Vzhledem k momentu Mz

4-M,
-tan(30-deg)=141.377 kN

M7 Dyd

vi=2 ...bezpecnost upnuti: 1,8-3

F,i=v+F,,;=282.753 kN

F,+F
ppi=—t’ M — 95 835 MPa

Vzhledem ke klopnému momentu Mxy

2 2
My, =M *+M* =(2.688-10") N-m

P ::W—wy|:21.229 MPa
M w

Pmaz=Pr+DPy= 47.064 MPa

Pmin*=Pr—Pm= 4.606 MPa

pp:=120-MPa ...dovoleny mérny tlak



F,:=||if p;,<0 =282.753 kN

HpM'A_FzM
else
|7

Vnéjsi primér ozubeni...
Potrebny zdvih...

Upinaci sila...

Sila pruzin po prekonani zdvihu (Kisssoft):

Tiha sestavy...
Vytlacna sila...
Pr@meér pistl hydraulickych télisek:
Pocet hydraulickych télisek:
2

S::w-%:o.om m?

Tlak v pistech:

D:=||if p,,0.>PD =0.399 m
“zvetsit D”
else

|p

D=399 mm

zg=4.7 mm
F,=282.753 kN
F,:=316.6 kN

Fy:=6.7 kN
F,=Fy+F,=323.3 kN
d,:=50 mm

n, =4

v

=41.164 MPa

p::
np-



PRILOHA C. 10

Hirthovo ozubeni



R\O.’Hm Hirth crown gears

Hirth crown gears
Economic transmission element for high torques

Ny
anll

Angular milling cutter head @ 2 <400

Blocking in working position free from play. The milling spindle @ o> 400 + Special design
will be centered by the Hirth-Rings absolutely free from play in

1 degree stepping between 0 and +90 degrees.

Hirth crown gears are suitable for accurate positioning, locating and especially for

angular adjustment of machine elements and parts, e.g. turret heads, pallet changers,
rotary indexing tables etc.

Technical Features:

® Very compact design @ High repetitive accuracy

Positive locking ® Ground surfaces

o
® Self-centering ® Concentricity and parallelism errors within 0,01mm
o

High indexing accuracy +3” ® Toothing hardened to HRc 52 +2

6348




R@Hm Hirth crown gears

Tool group C 15

Type 870 Hirth crown gears

Item
no.

658421
658422
658423
658424
658425
658426
658427
658428
658429
658430
658431
658432
658433
658434
658435
658436
658437
658438
658439
658440
658441
658442
658443
658444
658445
658446
658447
658448
658449
658450
658451
658452
658453
658454
658455
658456
658457
658458
658459
658460
658461
658462

@ di

50

50

100
100
100
125
125
125
160
160
160
200
200
250
250
280
280
320
320
360
260
360
400
400
400
450
450
450
500
500
500
560
560
560
630
630
630
630
710
710
710
710

Num-
ber of
teeth

24

36

36

48

60

48

60

72

60

72

96

72

120
120
144
120
144
120
144
120
144
360
120
144
360
120
144
360
120
144
360
120
144
360
120
144
360
720
120
144
360
720

Stroke  Tooth Fixing

3,5
2,6
4,2
3,5
2,4
3,6
3,5
3,5
3,8
3.8
3,4
4,2
34
3,5
2,6
4,2
3,1

4,8
4,6

4,2
2,2
52

5,2
5,2
3,2
5,2
5,2
3,8
6,2
5,7
3,6
2,2
74
6,5
3,2
23

over-
lap

3,2
2,4
4

3,2
2,2
3,4
3,2
3,2
3,6
3,6
32

3,2
3,2
2,4
3,9
2,8
4,8
3,6
4,5
4,4
1,8
4,6

3,6

o
iy

NG| EN

M WwoONN OO WO g W O
o

hole

4X90°
4x90°
6x60°
6X60°
6x60°
6x60°
6x60°
6x60°
6x60°
6x60°
6x60°
6x60°
6x60°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
10x36°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°
12x30°

Hole
for
align-
ment
pin

2X180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°
2x180°

B R R T e T T R R

4*90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°
4x90°

B

45°
45°
30°
30°
30°
30°
30°
30°
30°
30°
30°
30°
30°
54°
54°
54°
54°
54°
54°
54°
54°
54°
54°
54°
54°
15°

72°
72°
72°
72°
72°
72°
72°
72°
72°
72°
72°
72°

Draw-off a
screw

2x180° | 45°
2x180° | 45°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 30°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
2x180° | 18°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°
4x90° 45°

©d2 ©0d3 @d4

49
49

99

99

99

124
124
124
159
159
159
199
99

149
249
279
279
319
319
359
359
359
399
399
399
449
449
449
499
499
499
559
559
559
629
629
629
629
709
709
709
709

20
20
60
60
60
85
85
85
120
120
120
150
150
200
200
230

260
260
300
300
300
340
340
340

350
350
400
400
400
450
450
450
520
520
520
520
590
590
590
590

21
21
61
61
61
86
86
86
121
121
121
151
151
201
201
231
231
261
261
301
301
301
341
341
341
400
400
400
450
450
450
502
502
502
580
580
580
580
650
650
650
650

Frictional self-centering connection elements

Economic transmission element for high torques

@d5 gdé @d7 @ O

35
35
80
80
80
105
1056
105
140
140
140
175
175
225
225
255

290
290
330
330
330
370
370
370
380
380
380
430
430
430
480
480
408
550
550
550
550
620
620
620
620

1
1
1
1
1
il
1
1
1
1
1

15
15
15
15
15
15
15
18
18
18
18
18
18
18
18
18
18
18
18
20
20
20
20
20
20
20
20
20
20
20

6,6
6,6
6,6
6,6
6,6
6,6
6,6
6,6
6,6
6,6

d8

© © © © © © © © © © © © N N N N N N SN SN N SN S~N~NS~NS~NOOoOgaOaaoo;

-4 4 a4 a4 4 a4 a4
gl g = =gy

d9

N NN~

(%}
d10

N NN NN N NN

4 4 a4 a4 4 a4 a4 a4 a4
N NN N NMDNOOO OO ONMNMDNO O o

@ Draw-off screw

@® Tooth gap
© Socket head cap screw
@ Hole for alignment pin

@ Stroke
gl h1 h2
M6 | 20 | 11,6
M6 20 11,2
M6 | 25 | 145
M6 @ 25 14,1
M6 | 25 | 13,6
M6 30 16,7
M6 | 30 | 16,6
M6 | 30 16,6
M6 | 30 | 16,8
M6 30 16,8
M6 | 30 | 16,6
M8 35 19,6
M8 | 35 | 19,1
M8 | 35 19,1
M8 | 35 | 18,7
M8 | 40 21,59
M8 40 | 21,4
M8 40 224
M8 | 40 | 21,8
M8 | 45 | 24,75
M8 | 45 | 24,7
M8 45 23,4
M8 | 45 | 24,8
M8 45 245
M8 | 45 | 235
M8 | 50 275
M8 | 50 | 26,8
M8 | 50 26,35
M8 | 50 | 275
M8 | 50 275
M8 | 50 | 26,5
M10 55 30
M10 | 55 | 30
M10 55 | 29,2
M10 | 55 | 30,5
M10 55 @ 30,25
M10 | 55 | 29,2
M10 55 28,5
M10 | 60 | 33,5
M10 60 @ 33,1
M10 | 60 | 31,5
M10 60 @ 31,05

h3

10
10
12,5
12,5
12,5
15
15
15
15
15
15
175
175
175
175
20
20
20
20
22,5
22,5
22,5
22,5
22,5
22,5
25
25
25
25
25
25
275
275
275
275
275
275
275
30
30
30
30

h4

15

h5

(SN}

O O 0O 0O 0O 0O 000 00 o0 0 o0 o0 o0 o0 o0 g oo g ooasS

hé

a o oo o0 a0 oo g oagaoas»>

o o o
[$¢, )

55

o o
[¢)]

k)

0 O NN OO o oo oo aaao0n
a o

o o ® O o o N
[S )] o

6349


Bobernik
Zvýraznění


R\O.’Hm Hirth crown gears

Pressure calculation

In a compressed situation, with a suitable Fva load and with no transmission of torque, this load
is equally distributed on both faces of the tooth. Therefore, this is no resulting bending stress. But
when transmitting torque M, pressure rises on one face of the tooth and diminishes on the other.
The maximum pressure is calculated as follows:

D = Outer diameter

dh = Inner diameter

N° of holes in the toothed area

Diameter of holes in toothed area

NP° of teeth

Contact height between teeth on outer diameter
Percentage of contact on surface over 70%
Effective contact surface

Fva+Fa
D p——
Az
14 1,155z a
AZ:Z(DZ_dZ_ndLZ)TnZ

(D*-d*—nd, *)0,289 -z-a-nz
D

<O el
FHENTIAAANAS

In consequence of the inclination of the tooth faces,

an axial force Fu must be applied, due to the peripheral
force Fv of the driving torque M. This axial force must be
absorbed with a safety coefficient of v=1,8 to 3, due to
outside systems which tend to compress the couplings.

This axial force is:

Fu

=D+d

Fa=Fv tg 30°=0,577Fv = Fa
4M__231M _

Fa=0,577 - -
@ D+d D+d
Fva=v-0,577 Fu Fu=—2%_
v-0,577
Fva=v2’31M M=Fva (D +d)
D+d v-2.31

6350



PRILOHA C. 11

Vypocet talifovych pruzin



Team-SolidSQUAD

KISSsoft Release 03/2016 A

KISSsoFT

Cal

culabon pregmame for machina deasign

File
Name : Pruziny
Changed by: Martin Beber on: 23.07.2020 at: 14:17:40
Disk springs [F040]
Calculation method: DIN 2092:2006
INPUTS:
Spring geometry
Own Input
Inner diameter (mm) [Di] 202.000 H12
External diameter (mm) [De] 400.000 h12
Spring force of singular spring (s=0.75*h0) (N) [Fn] 322403.033
Spring travel of singular spring (s=0.75*h0) (N) [sne] 7.500
Length of relaxes spring (mm) [LOe] 28.000
Thickness of a single disk (mm) [t] 18.000
(without support area)
Number of springs per package [n] 1.000
Number of packages per column [i] 5.000
Material
Material X10CrNi 18-8 (EN 10270-3)
Young's modulus at 20°C (N/mm?) [E20] 180000.000
Poisson's ratio [ny] 0.270
Young's modulus depending on temperature (1/°C) [alphaE] -0.00028
Young's modulus at service temperature (N/mm?2) [E] 180000.000
Load
Smaller spring travel (mm) [s1] 32.000
Larger spring travel (mm) [s2] 36.700
Operating temperature (°C) [TB] 20.000
static or quasistatic loading
RESULTS OF WHOLE SPRING SYSTEM:
Total length at unloaded state (mm) [LO] 140.000
Total length with load F1 (mm) [L1] 108.000
Total length with load F2 (mm) [L2] 103.300
Spring rate with s1 (N/mm) [R1] 7428.267

1/2



KISSsoFT

Cakulabon programs for meching derign

Spring rate with s2 (N/mm) [R2] 7204.827
Spring work with s1 (N/mm) [W1] 4798676.769
Spring work with s2 (N/mm) [w2] 6206602.239
Spring travel with force F1 (mm) [s1] 32.000
Spring travel with force F2 (mm) [s2] 36.700
Spring travel with force Fn (mm) [sn] 37.500
Spring travel with force Fc (mm) [sc] 50.000
Force on the system (N) [F1] 282290.352
Force on the system (N) [F2] 316651.841
Usable force (N) [Fn] 322403.033
Force when flat (s=h0) (N) [Fc] 410093.810
Utilization of spring travel (%) [AW] 97.867
Utilization of spring force (%) [AusF] 98.216
End of Report lines: 74

2/2



PRILOHA C. 12

Vypocet Sroubti zdvihaciho télesa



Team-SolidSQUAD

KISSsoft Release 03/2016 A

KISSsoFT

Cal

culabon pregmame for machina deasign

Name
Changed by:

Srouby upnuti
Martin Beber

File

on: 23.07.2020

at: 14:05:57

Bolt calculation according to VDI 2230:2015

INPUTS:

Configuration:
Calculation using assembly temperature
Assembly temperature (°C)

Thread standard

Label

Pitch (mm)

Flank angle (°)

Reference diameter (mm)

Minor diameter inner thread (mm)

Flank diameter inner thread (mm)
Thread manufacturing

Surface roughness (um)

Axial force at flange (N)

Shearing force at flange (N)
Torque at flange (Nm)

Bending moment at flange (Nm)
Required clamping force for sealing (N)
Coefficient of friction between parts
Bolt pitch diameter at flange (mm)
Number of screws

Shearing force at single screw (N)
Axial force at single screw (N)
Required clamping force:

For shearing force transmission (N)
For sealing (N)

Tightening technique:
Tightening factor

Load application factor

Bolting type: SV 1
Length of connected solid (mm)
Distance of connected solid (mm)

Coef. of friction in thread
Coef. of friction at head support

Bolt type:
Reference diameter (mm)
Bolt length (mm)

Shank diameter (mm)
Shank length (mm)
Thread length (mm)

1/4

Flange connection with torque and forces (multiple bolts)

[T™] 20.00
Standard thread
M10
[P] 1.50
[B] 60.00
[d] 10.00
[D1] 8.38
[D2] 9.03
Final heat treated
[Rz] 16.00
[FaU/FaO] 280000.00/ 330000.00
[Fa] 0.00
Mt 0.00
[Mb] 0.00
[Fd] 0.00
[H] 0.150
[dt] 180.00
[n] 14
[Q] 0.00
[FAU/FAQ] 20000.00/  23571.43
[FKQ] 0.00
[FKP] 0.00

[0A]

n

[A]
[ak]

[MG]
[uK]

[d]
Ul
[d1]
(1]
[b]

Torque wrench (by estimating the coefficient of friction)

1.60

0.70

0.00
0.00

0.100/0.100
0.100/0.100

Cylindrical screw with socket head bolt DIN EN ISO 4762:2004

10.00
20.00
10.00

4.50
15.50



Outer diameter of head support (mm)
Inner diameter of head support (mm)
Surface roughness (head bearing area) (um)

Stressed cross section of screw (mm?)
Free thread length (mm)
Reduction coefficient

Strength class
Tensile strength (N/mm?)
Yield point (N/mm?)

Clamped parts: Segment of annulus
External radius annulus (mm)

Screw radius annulus (mm)

Internal radius annulus (mm)

Bolt spacing (mm)

Number of parts

Part A
Material
Depth of Layer (mm)

Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

[dw]
[da]
[RZ]

[As]
[13]
(k1]

[Rm]
[Rp0.2]

[ra]
[rs]
[ril
[
[iP]

C45 (1)
[hi]
[pC]
[Rz]

[IK]
[keff]

(including washers and counter bore depth or extension sleeves)

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

No washer below screw head

Blind hole

Material

Counter bore depth (mm)
Surface roughness (um)

RESULTS:

Virtual outer diameter of base body:
Diameter (mm)

Diameter (mm)

Ductility of flange (mm/N)

Addition for plate resilience (mm/N)
Ductility of screw (mm/N)

Load factor for centric load introduction
Preload loss (N)

required assembly preload:
-minimum (N)

-maximum (N)

2/4

15.33
11.20
16.00

57.99
4.50
0.50

10.9
1040.00
940.00

110.00
95.00
80.00
29.85

8.00
770.00
16.00

8.00
9.00

ISO 273:1979 (DIN 273) fine

[dh]
[eK]

c45 (1)
[ts]
[Rz]

[DA1]
[DA]
[5P]
[6Pzu]
[5S]
[®n]
[Fz]

[FMmin]
[FMmax]

10.50
0.00

1.00
16.00

39.60
39.60
2.166218e-007
2.039656e-007
1.618095e-006
0.1605
5450.43

25239.43
40383.09

KISSsoFT

Cal

culabon pregmame for machina deasign



KISSsoFT

Calculation pregrams for maching dasign
Pretension force according table (N) [FMtab] 44500.00
Screw force at yield point (N) [FMO0.2] 54000.00
attained assembly preload:

-maximum (N) [FM] 44578.54
(utilization of yield strength (%) [%Re] 90.00)
Pretension force (N) [FV] 39128.11
Additional bolt load (N) [FSA] 3782.43
Additional plate load (N) [FPA] 19789.00
Fatigue load (N/mm?) [oa] 4.94
Fatigue life (N/mm?) [oAzul] 298.24
Number of load cycles [NZ] 2000
Calculation with maximum attained pretension force:

(utilization of yield strength (%) [%Re] 90.00)
Mounting-Pretension force (N) [FM] 44578.54
Pretension force (N) [FV] 39128.11
Equivalent stress (N/mm?) [ored.M] 846.00
Equivalent stress (N/mm?) [ored.B] 866.57
Tightening torque (Nm) [MA] 63.65
Surface pressure

(below screw head) (N/mm?) [PK] 561.98
Calculation with the maximum required assembly preload with tightening factor: 1.60
Mounting-Pretension force (N) [FMmax] 40383.09
Additional clamping force (reserve) (N) [FKres] 2622.16
Equivalent stress (N/mm?) [ored.M_FMmax] 766.38
Equivalent stress (N/mm?) [ored.B_FMmax] 790.92
Tightening torque (Nm) [MA_FMmax] 57.66
Surface pressure

(below screw head) (N/mm?) [PK_FMmax] 513.22
Permissible equivalent stress (N/mm?) [o.Mzul] 846.00
Permissible equivalent stress (N/mm?) [o.Bzul] 940.00
Permissible surface pressure

(below screw head) (N/mm?) [pKzul] 770
Shearing strength Screw (N/mm?) [TBS] 644.80
SUMMARY:

The yield point must not be exceeded.

Calculation with the maximum required assembly preload with tightening factor: 1.60
Safety against yield point [SF] 1.19
Safety against fatigue [SD] 60.36
Safety against pressure [SP] 1.50

Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.08
Safety against fatigue [SD] 60.36
Safety against pressure [SP] 1.37
Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.

3/4



KISSsoFT

Cakulabon programs for meching derign

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM/aA, FKerf = FKQ + FKP

-Safety against shearing SA = 1BS*As/Q >=1.1;

-The calculation of the normal values for 90% usage (Preload

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 177

4/4



PRILOHA C. 13

Vypocet Sroubii oto¢ného télesa



KISSsoft Release 03/2016 A

Team-SolidSQUAD

KISSsoFT

Cal

culabon pregmame for machina deasign

Name : Srouby otaceni
Changed by: Martin Beber

on: 23.07.2020

File

at: 14:07:02

Bolt calculation according to VDI 2230:2015

INPUTS:

Configuration:
Calculation using assembly temperature
Assembly temperature (°C)

Thread standard

Label

Pitch (mm)

Flank angle (°)

Reference diameter (mm)

Minor diameter inner thread (mm)

Flank diameter inner thread (mm)
Thread manufacturing

Surface roughness (um)

Axial force at flange (N)

Shearing force at flange (N)
Torque at flange (Nm)

Bending moment at flange (Nm)
Required clamping force for sealing (N)
Coefficient of friction between parts
Bolt pitch diameter at flange (mm)
Number of screws

Shearing force at single screw (N)
Axial force at single screw (N)
Required clamping force:

For shearing force transmission (N)
For sealing (N)

Tightening technique:
Tightening factor

Load application factor

Bolting type: SV 1
Length of connected solid (mm)
Distance of connected solid (mm)

Coef. of friction in thread
Coef. of friction at head support

Bolt type:
Reference diameter (mm)
Bolt length (mm)

Shank diameter (mm)
Shank length (mm)
Thread length (mm)

1/4

Flange connection with torque and forces (multiple bolts)

[T™] 20.00
Standard thread
M10
[P] 1.50
[B] 60.00
[d] 10.00
[D1] 8.38
[D2] 9.03
Final heat treated
[Rz] 16.00
[FaU/FaO] 0.00/ 280000.00
[Fq] 0.00
Mt 0.00
[Mb] 0.00
[Fd] 0.00
W] 0.150
[dt] 144.00
[n] 14
[Q] 0.00
[FAU/FAQ] 0.00/  20000.00
[FKQ] 0.00
[FKP] 0.00

Torque wrench (by estimating the coefficient of friction)

[0A] 1.60
in 0.70
[IA] 0.00
[ak] 0.00
WG] 0.100/0.100
K] 0.100/0.100

Cylindrical screw with socket head bolt DIN EN ISO 4762:2004

[d] 10.00
M 20.00
[d1] 10.00
M] 4.50
b] 15.50



Outer diameter of head support (mm)
Inner diameter of head support (mm)
Surface roughness (head bearing area) (um)

Stressed cross section of screw (mm?)
Free thread length (mm)
Reduction coefficient

Strength class
Tensile strength (N/mm?)
Yield point (N/mm?)

Clamped parts: Segment of annulus
External radius annulus (mm)

Screw radius annulus (mm)

Internal radius annulus (mm)

Bolt spacing (mm)

Number of parts

Part A
Material
Depth of Layer (mm)

Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

[dw]
[da]
[RZ]

[As]
[13]
(k1]

[Rm]
[Rp0.2]

[ra]
[rs]
[ril
[
[iP]

C45 (1)
[hi]
[pC]
[Rz]

[IK]
[keff]

(including washers and counter bore depth or extension sleeves)

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

No washer below screw head

Blind hole

Material

Counter bore depth (mm)
Surface roughness (um)

RESULTS:

Virtual outer diameter of base body:
Diameter (mm)

Diameter (mm)

Ductility of flange (mm/N)

Addition for plate resilience (mm/N)
Ductility of screw (mm/N)

Load factor for centric load introduction
Preload loss (N)

required assembly preload:
-minimum (N)

-maximum (N)

2/4

15.33
11.20
16.00

57.99
4.50
0.50

10.9
1040.00
940.00

110.00
95.00
80.00
29.85

8.00
770.00
16.00

8.00
9.00

ISO 273:1979 (DIN 273) fine

[dh]
[eK]

c45 (1)
[ts]
[Rz]

[DA1]
[DA]
[5P]
[6Pzu]
[5S]
[®n]
[Fz]

[FMmin]
[FMmax]

10.50
0.00

1.00
16.00

39.60
39.60
2.166218e-007
2.039656e-007
1.618095e-006
0.1605
5450.43

22241.10
35585.75

KISSsoFT

Cal

culabon pregmame for machina deasign



KISSsoFT

Calculation pregrams for maching dasign
Pretension force according table (N) [FMtab] 44500.00
Screw force at yield point (N) [FMO0.2] 54000.00
attained assembly preload:

-maximum (N) [FM] 44578.54
(utilization of yield strength (%) [%Re] 90.00)
Pretension force (N) [FV] 39128.11
Additional bolt load (N) [FSA] 3209.34
Additional plate load (N) [FPA] 16790.66
Fatigue load (N/mm?) [oa] 27.67
Fatigue life (N/mm?) [oAzul] 298.24
Number of load cycles [NZ] 2000
Calculation with maximum attained pretension force:

(utilization of yield strength (%) [%Re] 90.00)
Mounting-Pretension force (N) [FM] 44578.54
Pretension force (N) [FV] 39128.11
Equivalent stress (N/mm?) [ored.M] 846.00
Equivalent stress (N/mm?) [ored.B] 857.06
Tightening torque (Nm) [MA] 63.65
Surface pressure

(below screw head) (N/mm?) [PK] 555.32
Calculation with the maximum required assembly preload with tightening factor: 1.60
Mounting-Pretension force (N) [FMmax] 35585.75
Additional clamping force (reserve) (N) [FKres] 5620.49
Equivalent stress (N/mm?) [ored.M_FMmax] 675.34
Equivalent stress (N/mm?) [ored.B_FMmax] 694.91
Tightening torque (Nm) [MA_FMmax] 50.81
Surface pressure

(below screw head) (N/mm?) [PK_FMmax] 450.82
Permissible equivalent stress (N/mm?) [o.Mzul] 846.00
Permissible equivalent stress (N/mm?) [0.Bzul] 940.00
Permissible surface pressure

(below screw head) (N/mm?) [pKzul] 770
Shearing strength Screw (N/mm?) [TBS] 644.80
SUMMARY:

The yield point must not be exceeded.

Calculation with the maximum required assembly preload with tightening factor: 1.60
Safety against yield point [SF] 1.35
Safety against fatigue [SD] 10.78
Safety against pressure [SP] 1.71

Calculation with maximum attained pretension force:

Safety against yield point [SF] 1.10
Safety against fatigue [SD] 10.78
Safety against pressure [SP] 1.39
Remarks:

-The safeties (SF, SD, SP) are calculated according to VDI2230.

3/4



KISSsoFT

Cakulabon programs for meching derign

-Calculating safeties with the maximal assembly preload (FMmax).

-Safety against sliding [SG = FKR/FKerf] is calculated with:

FKR: with FM/aA, FKerf = FKQ + FKP

-Safety against shearing SA = 1BS*As/Q >=1.1;

-The calculation of the normal values for 90% usage (Preload

and tightening torque) follows the corresponding equation according VDI 2230.

These values correspond with the values in the tables in the VDI Standard. Small differences may however occur..
-Total required clamp load according to (R2/4): FKerf >= Maxi(FKA + FKP, FKQ)

End of Report lines: 177

4/4



PRILOHA C. 14

Navrh valivého vedeni



Valivé vedeni valeckovaciho zarizeni po lozi
soustruhu
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1 Rozméry vedeni, oznaceni reakci valivych jednotek

L,,=1177 mm ...rozteC dolnich (D) val. jednotek ve sméru X
L,;;:=900 mm ...rozte¢ hornich (D) val. jednotek ve sméru X
L,:=800 mm ...délka sani
Li=93 mm ...délka HORNI val. jednotky
Lp:=78.5 mm ...délka DOLNI val. jednotky
Lpy:=110 mm ...rozte¢na vzdalenost fady D2
Lyp3=L;—Lp=0.722 m ...rotec¢ krajnich val. jednotek (D,H) ve sméru Y
Lypy=Lyp3—Lpy=0.612 m  ...souradnice fady val. jednotek (D2) ve sméru Y
Y, ::7113’133_;:@’[’2 =0.444m  ...souf. stfedu pruznosti
, 2 2
Y= Yo * <LyD2_yi + (Lyp2 =) =0.57 m ...transf. soufadnice sily FH

2 2
ys2 + <LyD3 - ys) + <LyD2 - ys>
(L yD2 ys>

Yrpo = =1.808 m ...transf. souradnice sily FD2

2 2
ys2 + <LyD3 - ys) + <LyD2 - ys>
<LyD3 - ys>
Fupir.  Fapir.  Fepip.  Fppep.  reakce DOLNI jednotky viivem sily Fz

Yrps = =1.09 m ....transf. souradnice sily FD3
Famp.  Famop.  Fpmp.  Fgpop. — reakce HORNI jednotky sily viivem sily Fz
Fupiviz  Fapoie  Fepoive  Fepive reakce DOLNI jednotky vlivem momentu Mx
Fumivie  Famorne  Femve  Fepove ~— reakce HORNI jednotky vlivem momentu Mx
Fupivgy  Fapevy Feoivy  Fopiuy reakce DOLNI jednotky vlivem momentu My
Fuamsegy  Famony  Fpomivy  Fpron — reakee HORNI jednotky vlivem momentu My
Fapine  Fapor.  Feeup  Fepay. — reakce BOCNI jednotky viivem momentu Mz
Fapiry  Fapry  Fepiry  Fopory  reakce BOCNI jednotky viivem sily Fy

FH, max. hodnoty rekci krajnich jednotek (H,D,B)

max

FD

max

FB

max



Zatizeni v pocatku soustavy souradnic

Fo:=40 kN ...tiha zafizeni
Fp:=120 kN ...radidlni sila plsobici na kladku
F,:=48 kN ...axialni sila plsobici na kladku

Vektory sil pri jednostranném valeckovani

Pri jednostranném valeckovani Ize vyuzivat pouze polovicéni hodnoty FA, FR.

Fy:=[0 0 —Fg]=[0 0 —4-10*] N r:=[0 0 0] m
F,:=[0 0 0| N Ty:=[—600 —35 1400] mm
—Fp —F
Fy= 2R 2A 0|=[-6-10" —2.4.10* 0] N r5:=[600 —35 1400] mm
[0 0
M=r"xF,"=|0|N-m M,=r,"xF,"=|0|N-m
0 0
[ 3.36-10" ORIGIN :=1 i=1..4
My:=r;"xF;" =| —8.4:10" | N.m
| —1.65.10"
3.36.10*
M, =M, +M,+M;=| —8.4-10" | N-m
-1.65-10"
M,:=M, =(3.36-10*) No-m M, =M, =—8.4-10" N-m  M,:=M, =—1.65-10" N-m
1 2 3
—60
F,:=F,"+F," +F," =| —24| kN
—40
F,=F, =—6-10" N F,=F,=-24-10" N F,=F,=-4-10" N

Fy:=—F, =(2.4-10") N ...hnaci sila pos. mech.



3.1 Reakce jednotek

HORNI jednotky

[F Amrz: Famor: Fpmp. F BH2Fz] =||if F,>0

else

[[0000]N

7| |7 [F] JF

|

4 4 4

4

=[1.10* 1.10* 1.10* 1.10*] N

FHFz=[Famp, Famor. Femp. Fppor.]=[1-10" 1.10" 110" 1.10'] N

[F arz Famonve Fpaive F BHsz] =

if M, <0

b))

=[2.947.10" 0 2.947.10" 0] N

2Ypy
else

2'yFH_

| 2+Yrn

2-Yru

[F amvy Famoney Friny F BH2My] =

if M, <0

00

[M,

M,

elsge
M,

M,

L <Lar:H+ LwD> <LwH+ LwD>

<L:cH+ LxD) <LxH+LzD> ]

00

=[4.044.10" 4.044.10"

FHMy:=[Fspingy Famoney Fomny FBHWy]:[4.044-104 4.044-10* 0 0] N

FH1 ::FHFz+FHMa:+FHMy:[79.911 50.443 39.468 10] kN

FH1,,,.=max(FH1)=179.911 kN

max.reakce HORNI jednotky



DOLNI jednotky

[F Ap1Fz Faper: Fppip. F BD2Fz] =

if F,<0
[[0000]N
else

=[0000]|N

[IFZI £ 17 |7

8 8

8 8

FDFZ’:[FADle Fypor. Fppir: FBDze]:[O 00 0] N

[F apive Fapanvie Fpive F BDZMm] =

if M,.<0
[ MZ' MZ' ()
| 2+ Yrps3 2-Ypp3
else
0 _Mw _Mw
2:Yrp3 2+Yrp3 |

=[0 -1.541.10" 0 -1.541.10" | N

FDMz:=[Fapinse Faporie Fopinge Fepone]=[0 —1.541-10" 0 —1.541.10" | N

[F apivy Faponey Fepiney F BD2My] =

if M, <0

_My

_My

else

00

M,

L 2 <L:cH+La:D> 2 <L:cH+La:D>

M,

00

2 (LIH+LwD) 2 (LIH+Lw) |

=[0 0 —2.022-10" —2.

FDMy=[Fspinsy Faponty Fepinry Fopor]=[0 0 —2.022.10" —2.022.10* | N

FD1:=FDFz+FDMz+FDMy=[0 —15.408 —20.221 —35.63] kN

FD1,,,,=|min(FD1)|=35.63 kN

...max.reakce DOLNI

jednotky



BOCNI jednotky

[FABlFa: Fypor: Fppire FBBsz]’: if F,>0 :[3‘104 3-10" 0 O]N
(0 0 Fx =F|
2 2
else
—-F, —F, 00
2 2

FBFm::[FABlFm Fspor: Frpir: FBB2F9£]:[3°104 3-10" 0 0] N

[Fapine: Faponi: Fopine: Fopons = | if M, >0 =[2.698-10" 0 0 —2.698-10* | N

FBMz:=[Fapins. Fapo: Fppin: Fopon.|=[2.698-10" 0 0 —2.698-10" | N
FB1:=FBFz+FBMz=[56.983 30 0 —26.983] kN

FB1,,,,=max([max (FB1) |min(FB1)|])=56.983 kN ...max.reakce BOCNI
jednotky



4 Vektory sil pFi oboustranném valeckovani

Fy:=[0 0 —Fg]=[0 0 —4-10"] N r:=[0 0 0] m
Fy=[-Fp —F, 0]=[-1.2-10° —4.8-10" 0] N r,:=[600 0 1400] mm
Fy=[Fy —F, 0]=[1.2.10° —4.8.10" 0] N r5:=[—600 0 1400] mm
0 6.72.10*
M=r"xF"=|0| N-m M,y=r," xF," =[-1.68:10° | N-m
0 -2.88-10"
6.72.10° ORIGIN :=1 i=1..4
My:=r;" xF;" =|1.68-10° | N-m
2.88-10"
1.344-10°
MC::M1+M2+M3: O N’m
0
M, =M, = (1.344.10°) N-m M,=M, =0 N-m M.:=M, =0 N-m
0
F.=F,"+F," +F;"=|-96 | kN
—40
F,:=F, =0N Fy::FCQ:—9.6-104 N FZ::F63:—4-104 N

Fy=—F, =96 kN ...hnaci sila pos. mech.



4.1 Reakce jednotek

HORNI jednotky
[FAHle Famor. Fpair: FBHQFZ]‘: if F,>0 :[1'104 110" 1-10° 1'104]N
[[0000]N
else
[ 7 [F [
4 4 4 4

FHFz:=[Fmp. Famor. Fpmpe. Fpuor.]=[1-10* 1.10* 1.10* 1.10*] N
[Famnie Famore Fponve Frrone | = || if M, <0 =[1.179.10° 0 1.179.10° 0] N
2-Ypy 2:Ypy |

else
| 2°Yrm 2-Yru

[FAHlMy Famonvry Friny FBH2My]=: if M,<0 =[0000]N
[M,| [,

00
<La:H+LacD> <La:H+La:D> i

els;e
|7, [M,
L <LwH+ La:D) <LzH+ La:D>

00

FHM@/’:[FAmMy FAHQMy FBHlMy FBHzMy]:[O 00 0] N
FH2::FHFz+FHMw+FHMy:[127.871 10 127.871 1()] kN

FH2,,,,=max (FH2)=127.871 kN max.reakce HORNI jednotky



DOLNI jednotky

[FADle Fapor: Fppir: FBDQFz]:: if F,.<0 =[0000]N
[[0000]N
else
[lel £ 17 |7
8 8 8 8

FDFZ’:[FADle Fypor. Fppir: FBDze]:[O 00 O] N

[Fapinee Faponiz Fepinee Frpone | = | if M, <0 =[0 —6.163-10* 0 —6.163-10" | N
M, 0 M, 0
| 2+ Yrps3 2:Yrp3
else
0 _Mx _Mx
2+ Yrp3 2+Yrp3 |

FDMz:=[Fapinse Faporte Fopine Fepone]=[0 —6.163-10" 0 —6.163-10" | N

[FADlMy F sporry Fppingy FBDzMy]: if M,<0 =[0000]N
-M, -M, 00
| 2 (Lyg+Lyp) 2 (Lug+Lyp)
else
00 M, M,

2 (LIH+LwD) 2 (LIH+LQUD) |

FDM@/’:[FAmMy FAD2My FBDlMy FBDzMy]:[O 00 0] N
FDQ::FDFZ+FDM3'}+FDMy:[O —61.634 0 —61.634] kN

FD2,,,,:=|min(FD2)|=61.634 kN ...max.reakce DOLNI
jednotky



BOCNI jednotky

[FABlFa: Fpore Fppire FBB2F$]:: if F,>0 :[0 00 0] N
0 o Fx 7F|
2 2
else
-F, —F, 00
2 2

FBFUU‘:[FAsz Fpore Fppire FBBZFI]:[O 00 0] N

[Fapue: Fapane: Fppinge Fopan:|=|| if M.>0 =[0000]N

FBMZ’:[FAB1MZ Fspore: Fpin: FBBzMz]:[O 000]N

FB2:=FBFz+FBMz=[0 0 0 0] kN

FB2,,,,=max(FB2)=0 kN ...max.reakce BOCNI
jednotky
5 Navrh a kontrola krajnich valivych jednotek
T,:=4000 hr ...celkova doba behu
Sodovi=2 ...dovolena hodnota - staticka bezpecnost
5.1 Max. reakce
FH,,q=max (FH1,,,,,FH2,,,,) =127.871 kN
FD,,,:=max (FD1,,,,,FD2,,,,)=61.634 kN
FB,,,=max (FB1,,4,,FB2,,,,) =56.983 kN



5.2 Staticka bezpecnost a vybér tankt

Horni FH,, . =127.871 kN
COH:: SOdO’U 'FHmaa: =255.742 kN

RUS26126 - pocet: 4 Coy=209 kN  Cpy:=122 kN

C
OH _1.634

Somr=
max

Dolni
FD,,,,=61.634 kN

COD = SOdO’U 'FDmaa:: 123.267 kN

RUS19105 - pocet: 8 Cop=123 kN Cp:=68 kN

C
W _1.996

SOD::
max

Bocni
FB,,,.=56.983 kN

Cos=S0do0* FBay=113.966 kN

RUS19105 - pocet: 4 Cypi=123 kN Cpi=68 kN

C
98 _9.159

Sopi=
max



5.3 Dynamicka bezpecnost
v,=0.5 "
S
fni=0.4 mm
D, ;=250 mm
vC

Vpi= f = 15.279 1

D man

min
lo=v;+T,=3666.93 m

Horni 10

Cy \*
L =
H ( FHmaw

L
denH::l—H:23.316

C

Dolni 10

Cp
L=
b (FH

maxr

L
denH::l—D:3.323
Bocni 10

Cp \*
L =
B (FH

max

LB
denB ::l—: 3.323

c

3
) -10° -m

3
] .10° «m

3
) +10° »m=(8.55-10*) m

...dynamicka bezpecnost

=(1.218-10") m

...dynamicka bezpecnost

=(1.218-10*) m

...dynamicka bezpecnost



Zatizeni listy dolnich valivych jednotek

FD1:=FD,,,,=61.634 kN ...krajni jednotka
Lypo—ys Gy g
FD2:=FD,,,,-———=37.173 kN ...vnitrni jednotka
yD3_ys

F:=[0 0 -FD1]=[0 0 —6.163-10" | N
F :=[0 0 —FD2]=[0 0 —3.717-10" | N
2
r :=[35 12.2 0] mm

1

r :=[105 12.2 0] mm
2

) —1.205-10°
My:=>r"xF"=| 6.06-10° |N-m
i=1 " v 0

2
F,=>F=[00 -9.881-10" | N
=1
rp::[—70 —~78 0] mm
6.501-10°
Mg:=r," xF," + M,=| —856.127 N-m
0



PRILOHA C. 15

Valivé jednotky



SCHAEFFLER

Linear roller bearings RUS19105 (Series

RUS)

with spacer elements

The datasheet is only an overview of dimensions and basic load ratings of the selected product. Please always
observe all the guidelines in these overview pages. Further information is given on many products under the
menu item "Description". You can also order comprehensive information via the Catalogue ordering system
(https://www.schaeffler.de/content.schaeffler.de/en/news_media/index.jsp) or by telephone on +49 (91 32) 82 - 28

97.
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G1

23.07.2020 12:42

105,5 mm

27 mm

19 mm

3,5 mm

1

M4

for fixing screws to DIN ISO 4762-12.9

Max. tightening torque [MA]:

M4 =5 Nm

M6 =17 Nm

M8 =41 Nm

M10 =83 Nm

M14 = 229 Nm

The stated torques represent maximum values for the reliable
transmission of forces in vibration-free, quasistatic applications
(S0=1). We recommend that the tightening torques of the screw
connection to the adjacent construction should be determined at
the customer under the specific application conditions and
operating conditions, observing the data in VDI Guideline 2230
Part 1 (2015) and the data in the description.
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0,2 mm

15,2 mm

20,6 mm

50 mm

M3

79 mm

85 mm

109 mm

10 mm

6,2 mm

0,32 kg

68000 N

SCHAEFFLER

Tolerance: +0,1/-0,1
Tolerance: +0,1/-0,1

for fixing screws to DIN ISO 4762-12.9

Max. tightening torque [MA]:

M4 =5 Nm

M6 = 17 Nm

M8 =41 Nm

M10 = 83 Nm

M14 = 229 Nm

The stated torques represent maximum values for the reliable
transmission of forces in vibration-free, quasistatic applications
(S0=1). We recommend that the tightening torques of the screw
connection to the adjacent construction should be determined at
the customer under the specific application conditions and
operating conditions, observing the data in VDI Guideline 2230
Part 1 (2015) and the data in the description.

Minimum support length

= Mass

Basic dynamic load rating



SCHAEFFLER

Co 123000 N  Basic static load rating
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SCHAEFFLER

Linear roller bearings RUS26126 (Series

RUS)

with spacer elements

The datasheet is only an overview of dimensions and basic load ratings of the selected product. Please always
observe all the guidelines in these overview pages. Further information is given on many products under the
menu item "Description". You can also order comprehensive information via the Catalogue ordering system
(https://www.schaeffler.de/content.schaeffler.de/en/news_media/index.jsp) or by telephone on +49 (91 32) 82 - 28

97.

D2

G1

23.07.2020 14:09

126,5 mm

40 mm

26 mm

49 mm

M6

for fixing screws to DIN ISO 4762-12.9

Max. tightening torque [MA]:

M4 =5 Nm

M6 =17 Nm

M8 =41 Nm

M10 =83 Nm

M14 = 229 Nm

The stated torques represent maximum values for the reliable
transmission of forces in vibration-free, quasistatic applications
(S0=1). We recommend that the tightening torques of the screw
connection to the adjacent construction should be determined at
the customer under the specific application conditions and
operating conditions, observing the data in VDI Guideline 2230
Part 1 (2015) and the data in the description.
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0,2 mm

21 mm

30 mm

68 mm

M4

93 mm

103 mm

130 mm

14 mm

10,2 mm

0,8 kg

122000 N

SCHAEFFLER

Tolerance: +0,1/-0,1
Tolerance: +0,1/-0,1

for fixing screws to DIN ISO 4762-12.9

Max. tightening torque [MA]:

M4 =5 Nm

M6 = 17 Nm

M8 =41 Nm

M10 = 83 Nm

M14 = 229 Nm

The stated torques represent maximum values for the reliable
transmission of forces in vibration-free, quasistatic applications
(S0=1). We recommend that the tightening torques of the screw
connection to the adjacent construction should be determined at
the customer under the specific application conditions and
operating conditions, observing the data in VDI Guideline 2230
Part 1 (2015) and the data in the description.

Minimum support length

= Mass

Basic dynamic load rating
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Co 209000 N  Basic static load rating
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PRILOHA C. 16

Mechanismus posuvu



WITTENSTEIN

’ Customer data | Your contact

Company ZCU v Plzni ZCU v Plzni

Contact Martin Beber

Street

ZIP / Town 30100

Phone

E-mail beber@students.zcu.cz
Your project: Project 1 Date: ‘ 18.07.2020
Your variation: Variant 1

Your axes: Axis 1

1 General notes

The data provided by you forms the basis for the calculation performed with cymex®. WITTENSTEIN alpha
does not assume any responsibility for the accuracy and completeness of this data — by ordering, you are
confirming the accuracy of the data provided by you.

The calculation documentation is based on your customized design. This non-binding recommendation
does not release you from your duties or responsibilities, which include compliance with legal and safety
regulations, and completion of a functional test. We remind you that the permitted load values for the
selected products may not be exceeded under any operating conditions.

This recommendation, which is based on the calculation performed with cymex® is not suitable for
application and/or transfer to other products, data, applications, etc.

Please note that the cymex® calculation documentation is protected by copyright.

= % — @ - » — .

2.1 Project description

PN

alpha

2.2 Linear load application

Parameter Value Value
Friction coefficient p 0.05 Total mass to be moved m 4000 kg
Friction force Fr ON Max. process force Fp 48000 N
Angle to horizontal o 0° Max. speed Vimax 0.26 m/s
Compensation force Fc ON Max. acceleration amax 1 m/s?
Counter mass mc 0 kg

Missing data has been replaced with empirical data, which must be checked and corrected if necessary.

2.3 Rack and pinion manual mechanism

Value Parameter Value
Diameter pinion dw 15 mm Helix angle pinion B 0°
Lever arm lateral force Irq 60 mm Efficiency n 99.5 %
leg
@d

Missing data has been replaced with empirical data, which must be checked and corrected if necessary.

Created with cymex®5
Page 1 of 4
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WITTENSTEIN | alpha

2.4 Cycle data

Parameter Value Parameter Value
Movement duration tmov 39.47s Duty cycle ED 100 %
Cycle duration teyc 39.47s Number of cycles per hour n/h 91.21

2.5 Movement profile

m mis mis? mis?
10| 028 1
o

8

24 oos

2.6 Load profile

kg
000 T 45000

WS

3 Drive design
3.1 Coupling transformation

Parameter Value

Moment of inertia J

0 kgcm?

3.2 Gearbox

Type: Low backlash planetary gearbox TP*
Designation: TPO50S-MF1-4-011-2S
Utilization total: 97 %
‘ Features Value
Ratio i 4
Output design Flange
Max. Backlash value j <3 arcmin
Design keyword Standard

Created with cymex®5
Page 2 of 4
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WITTENSTEIN | alpha

Calculated Permissible

ilizati M
Max. acceleration torque at output 48 %
(with impact factor 1) Tzq (fs) 406.75 Nm 840 Nm I © Errors
0y
Nominal torque at output Ton 376.61 Nm 389.42 Nm 97 % .
— A Warnings
) - - 26 %
Max. speed rotative Nimax 1298.7 min 5000 min .
o
0% Notes
Nominal speed rotative nin 1290.31 min* 1427 min* o
—
. 0%
L 0%
Max. tilting moment Maxwax 0 Nm 1335 Nm
Parameter
Ratio of inertia lambda A with respect 0.93
to gearbox output ) ) ° Moment of inertia J
Bearing lifetime Lo >20000 h - -

“ WITTENSTEIN recommends using this A value for determining the control precision

‘ Gearbox characteristic curve ‘
3.4 Motor

Nm
840
1 Manufacturer: Bosch Rexroth
700 4 . MSK101E-0200-FN-__ - -
Type:
% T 0%
500 - Utilization total:
—
400
300 - ‘ Features ‘ Value
200 4 .
Inertia J 138 kgem?
0 Shaft diameter d 38 mm
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 min’!

Gearbox characteristic curve key

Grey Characteristic curve application

Black Characteristic curve application (with load factor 1)
Green Operating point of application (Tn and nin)

Red S1 characteristic curve

Blue S5 characteristic curve

Created with cymex®5
Page 30f4



PN

WITTENSTEIN | alpha
EETAREGED Calculated Permissible Utilization
value value
52 %
Max. torque Twax 119.37 Nm 231 Nm
L - 37 %
Max. speed Nuax 1298.7 min 3500 min .
; - -~ 37%
Nominal speed nn 1290.31 min 3500 min
Ratio of inertia lambda A with respect 111 ) )
to motor shaft )
See S1
Average torque Trus 103.58 Nm characteristic -
curve
o
Utilization curve (S1) - - 92%
—
0y
Max. utilization curve (S5) - - 58 %

The motor in the application design is included for example purposes only. It is the responsibility of the
manufacturer to confirm the suitability of the motor. Please note that some values may not be defined by
certain manufacturers.

‘ Motor characteristic curves ‘

Nm
231
150
100

50

0

0 500 1000 1500 2000 2575 min’'

Motor characteristic curve key
Black Characteristic curve application
Green Operating point application (Trms und nn)
Red S1 characteristic curve
Blue S5 characteristic curve

Created with cymex®5
Page 4 of 4
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4 3 2 1
POZ.| POPIS HMOT. (kg) | MNOZ.
1 | SANE 1110,97 1
2 | TELESO VEDENI 216,20 2
3 | PINOLA 2
D4 Tvez 126,16 2
5 | TELESO ZDVIHU 25,93 2
6 | TELESO VALECKOVACI HLAVICE 24,49 2
7 | VALECEK VYHLAZOVACI 14,30 1
| 8 | TALIROVA PRUZINA 13,20 10
9 |KRYCi PLECH HORNI 10,80 1
10 | VALECEK TVARECI 9,09 1
11 | KRYCIi PLECH BOCNI 7,64 2
12 | LISTA DOLNI 7,45 2
Cl 13 [LISTA BOCNI 7,07 2
14 | SNEKOVE KOLO 1 6,79 2
15 | PRIRUBA NATACENI 4,11 2
16 | SNEK 1 3,87 2
| 17 | PRIRUBA UPNUTI 3,73 2
18 | OSA 2,86 2
19 | SNEKOVE KOLO 2 2
20 | SNEK 2 2
21 | MATICE 0,21 16
B| 22 | VICKO 0,17 2
23 |LOZISKO SKF 22312 E 2,95 2
24 | LOZISKO SKF 6210 0,46 2
25 | LOZISKO 81208 TN 0,25 1
e e
il /- oty Veschna prova vurozena / All rights reserved
I O = —
L e re 1010
VALECKOVAC T ZART ZENI KKS_DF_001 | .4
KUSOVNIK List / sheet no. 2 Pocet |istu / sheets 4
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4 | 3 2 1
POZ.| POPIS HMOT. (kg) | MNOZ.
25 | LOZISKO SKF 81208 TN 0,25 1
26 | PODLOZKA 6 - 36
5 27 | PODLOZKA 8 - 52
28 | PODLOZKA 10 - 28
29 | PODLOZKA 16 0,01 8
30 | PODLOZKA 24 0,03 12
31 | SROUB M3X16 - 34
— 32 | SROUB M6X10 - 8.8 - 36
33 | SROUB M6X30 0,01 16
34 | SROUB M8X25 0,01 28
35 | SROUB M8X40 0,02 24
36 | SROUB M8X45 - 16
C 37 | SROUB M10X20 - 10.9 0,03 68
38 | SROUB M10X35 0,03 28
39 | SROUB M16X50 - 10.9 0,11 8
39 | SROUB M16X50 - 10.9 0,10 8
| 40 | SROUB M24X35 - 12.9 0,24 12
41 | POJISTNY KROUZEK 45 0,01 2
42 | POJISTNY KROUZEK 90 0,05 2
44 | HIRTH RING ROHM 400 -120 5,71 4
45 | PREVODOVKA WITTENSTEIN TP 050S-MF 1-4-011-2S 26,42 2
Bl 46 | SERVOPOHON BOSCH REXROTH MSK101E-0200-FN |- 2
47 | PASTOREK WITTENSTEIN RMW 300-444-21G0-055 2,15 2
48 | VALIVA JEDNOTKA INAFAG RUS26126 0,96 4
48 |KOLIK 9 0,01 16
I e o oesnaen
ol | Geded by gN FI) X%i%ITY
[alil /- oty Veechna prova vihrazena / All rights reserved
[ . R O =
o BRI e e e re 1010
VALECKOVAC T ZART ZENI KKS_DF__001 | .4
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4 | 3 | 2 | 1
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4 |

POZ.

POPIS

HMOT. (kg)

MNOZ.

49

VALIVA JEDNOTKA INAFAG RUS19105

0,39

50

T SPOJKA TO6SCF

0,13

51

CLAMP

0,12

52

PISTNI TESNENI K735-X50X36X9

0,07

53

ARETACNI CEP K0338 1206

0,06

54

HYDROMOTOR 125 - 550

71,60

55

HYDRAULICKY AGREGAT

1,28
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20 | KONCOVKA 3D082-8-4 3
19 | ZPETNY VENTIL S6A00-10420J3 1
D 47 |PREPOUSTECI VENTIL DBDS 4 1 |D
I K1X 200V
16 | SKRTICIi VENTIL MK 6 G 1X 2
15 |HYDRAULICKY FILTR REXROTH 1
FAWG6
L NG 14 | VENTIL SMEROVY SEDLOVY =
1 § M-3SED 6 CK1X 350CG24K4
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M-3SED 6 UK1X 350CG24K4
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c | | REXROTH DR 10-5-4X/100YMV c
90 225 185 o 11 | AKUMULATOR EHV 10 1
500 10 | CERPADLO BOSCH AA10VSO-18 1
9 ELEKTROMOTOR SIEMENS 1
870,5 1AL132S-4
8 PODLOZKA 6 CSN EN ISO 7089 8
7 PODLOZKA 8 CSN EN ISO 7089 6
6 | SROUB M6X20 - 8.8 CSN EN ISO 4017 8
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